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Spread of Vector-borne
Diseases and Neglect of
Leishmaniasis, Europe

Jean-Claude Dujardin,* Lenea Campino,t Carmen Cafiavate,t Jean-Pierre Dedet,§ Luigi Gradoni,q
Ketty Soteriadou,# Apostolos Mazeris,** Yusuf Ozbel,TT and Marleen Boelaert*

The risk for reintroduction of some exotic vector-borne
diseases in Europe has become a hot topic, while the real-
ity of others is neglected at the public health policy level.
Leishmaniasis is endemic in all southern countries of Eu-
rope, with ~700 autochthonous human cases reported each
year (3,950 if Turkey is included). Asymptomatic cases have
been estimated at 30—100/1 symptomatic case, and leish-
maniasis has up to 25% seroprevalence in domestic dogs.
Even though leishmaniasis is essentially associated with
Leishmania infantum and visceral leishmaniasis, new spe-
cies, such as L. donovani and L. tropica, might colonize Eu-
ropean sand fly vectors. Drug-resistant L. infantum strains
might be exported outside Europe through dogs. Despite
this possibility, no coordinated surveillance of the disease
exists at the European level. In this review of leishmaniasis
importance in Europe, we would like to bridge the gap be-
tween research and surveillance and control.

In August through September of 2007, a chikungunya
outbreak occurred in the province of Ravenna, Italy (1).
The risk for reintroduction of vector-borne diseases in Eu-
rope as a consequence of global warming was highlighted,
although long-distance tourism, travel, and trade could also
play major roles in the transcontinental transport of micro-
organisms (2). The European Centre for Disease Control
is currently assessing the magnitude and importance of

*Instituut voor Tropische Geneeskunde, Antwerp, Belgium; fInsti-
tuto de Higiene e Medicina Tropical, Lisbon, Portugal; fInstituto de
Salud Carlos 1ll, Madrid, Spain; 8Université Montpellier 1, Mont-
pellier, France; lstituto Superiore di Sanita, Rome, Italy; #Hellenic
Pasteur Institute, Athens, Greece; **National Reference Laboratory
for Animal Health, Nicosia, Cyprus; and TTEge University Medical
School, Bornova, Izmir, Turkey

DOI: 10.3201/eid1407.071589
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vector-borne diseases in Europe, focusing on Lyme disease,
tick-borne encephalitis, leptospirosis, malaria, plague, tula-
remia, viral hemorrhagic fevers, hantavirus, and West Nile
fever. Concern about the impact of global warming and the
spread of arthropod-borne diseases and other infectious
agents in Europe is justifiable. However, existing autoch-
thonous vector-borne infections should not be forgotten
or ignored, which may be the case, as illustrated here for
leishmaniasis.

Leishmaniasis in Europe

Leishmaniasis is a major vector-borne disease, which
is endemic to 88 countries and is the only tropical vector-
borne disease that has been endemic to southern Europe for
decades. In southern Europe, most of the reported cases are
due to zoonotic visceral leishmaniasis (VL), which is the
most dangerous form and is lethal when untreated. Cuta-
neous leishmaniasis (CL), which is more benign than VL,
is also present. Incidence of leishmaniasis in humans is
relatively low, ranging from 0.02/100,000 to 0.49/100,000
(8.53/100,000 including Turkey). We estimate that this cor-
responds to a total of ~700 reported new cases per year for
southern European countries (3,950 if Turkey is included;
Table and Figure). However, autochthonous leishmaniasis
appears not to be limited to the Mediterranean region any-
more. It has spread northward, as shown by the recent re-
ports of indigenous VL cases in northern Italy and southern
Germany (8,9).

However, these numbers are misleading for several rea-
sons. First, data from patients infected in southern Europe,
but diagnosed elsewhere, are not taken into consideration.
For instance, a leishmaniasis reference center established
on a voluntary basis in Germany identified within 2 years
70 cases of leishmaniasis. Of the 27 VL case-patients, most
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Table. Leishmaniasis situation in 7 disease-endemic countries of Europe (including Turkey)*

Human leishmaniasis

Current information from VL + CL
reference centers incidence x Imported cases Canine
Country Notification status (2000-2006) 100,000t (VL + CL) leishmaniasis
Portugalf Compulsory for VL ~22 VL casesly recorded at 0.07-0.17 ~2 casesly Average 20%
IHMT recorded at IHMT  seroprevalence in
disease-endemic
areas (3)
Spaing Compulsory in 12/17 ~100 VL casesl/y recorded 0.18-0.29 ~5 casesly Average 8.5%
autonomous communities; by National Epidemiologic recorded at ISCIIl  seroprevalence (5)
20%—45% underreporting for Surveillance Network,
VL, ~100% for CL (4) RENAVE
Francef Not compulsory, but ~24 VL + CL casesly 0.02-0.19 ~65 casesly Seroprevalence in
spontaneous reports at UMON reported at UMON recorded at disease-endemic
UMON areas of southern
France 4%—-20%#
Italy** Compulsory for both VL and  ~200 VL cases/y recorded at 0.15-0.38 ~8 casesly Average 15%
CL, but CL underreported ISS; ~300 CL casesly recorded at ISS  seroprevalence in
estimated by 1SS peninsular Italy;
average 2%
seroprevalence in
continental Italy (6)
Greecett Compulsory for both VL and ~21 VL casesly notified 0.06-0.49 Unknown Average
CL, but underreported seroprevalence
25% in disease-
endemic areas (7)
Cyprusti Compulsory for both VL and 5 VL + CL cases recorded in 0.25-0.47 Unknown Average
CL, but 2006 seroprevalence
underreported 20% in disease-
endemic areas
Turkey88 Compulsory for both VL and ~37 VL casesly and 2,300 1.6-8.53 Unknown Average 15.7%

CL CL casesly notified

seroprevalence

*Authors’ institutions are national reference laboratories for leishmaniasis diagnosis and surveillance and rely on consolidated countrywide networks of
collaborating clinical health centers. Diagnosis records are cross-checked with case natifications to provide more realistic figures and estimates. VL,
visceral leishmaniasis; CL, cutaneous Leishmaniasis; WHO, World Health Organization.

TWHO-EURO, WHO Europe, 1996-2005; http://data.euro.who.int/CISID.
FInstituto de Higiene e Medicina Tropical (IHMT), Lisbon, Portugal.
8lInstituto de Salud Carlos Il (ISCIII), Madrid, Spain.

fUniversité de Montpellier (UMON), data from Centre National de Référence des Leishmania, Montpellier, France.
#Source: retrospective canine leishmaniasis database, Centre National de Référence des Leishmania.

**|stituto Superiore di Sanita (ISS), Rome, Italy.

TtHellenic Pasteur Institute (HPI), Athens, Greece.

F¥National Reference Laboratory for Animal Health (VS), Nicosia, Cyprus.
8§8Ege University (EUMS-DP), I1zmir, Turkey.

(17) had been infected within European Union boundaries:
Spain, Portugal, Greece, or France (10). Five cases were
in children. Similarly, a retrospective study in the Hospital
for Tropical Diseases in London showed that most of the
imported VL case-patients in the United Kingdom were
adult men touring the Mediterranean (11). Second, in the
absence of public health surveillance at the European level,
underreporting is common (see the Leishmaniasis and the
Globalization of Neglect section). Third, asymptomatic
infections may be common in some regions: for 1 clini-
cal case of VL, there may be 30-100 subclinical infections
(12). This underreporting can have major consequences for
blood banks: blood from donors living in areas of endemic-
ity in southern France and Greece had 3.4% and 15% sero-
positivity, respectively (13,14). In addition, 22.1% of blood
donors in a highly disease-endemic area from Spain were
PCR positive for leishmaniasis (15). Furthermore, asymp-

1014

tomatic infections may progress to severe clinical forms in
immunocompromised persons, for example, in AIDS pa-
tients (16). Fourth, the etiologic agent of southern Euro-
pean VL, Leishmania infantum, is also infecting dogs (with
a seroprevalence of up to 34% in areas of Spain where the
disease is highly endemic) (Table). Dogs with leishmania-
sis infections are generally very sick, causing a major prob-
lem in southern Europe (e.g., ~5,000 clinical cases occur
each year in France) (Table). However, sick as well as as-
ymptomatic dogs also represent a risk for humans, as they
constitute the major reservoir of the parasite on which sand
fly vectors may feed and transmit the infection.

Import—Export Balance of European Leishmaniasis

In addition to the reality of autochthonous leishma-
niasis in Europe, the risk for introduction of new species
through travelers or immigrants from countries where

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 14, No. 7, July 2008



non-European species are endemic should also be consid-
ered. However, the probability that these species could
enter in a transmission cycle is relatively low. The prob-
ability depends on contact between infected persons and
sand flies, the capacity of the infected person to act as
reservoir, and the susceptibility of European sand flies to
the different Leishmania species. For most species, hu-
mans are generally a transmission dead-end. However,
for 2 species, the risk might theoretically be higher: L.
tropica, which is causing CL in Africa, the Middle East,
and Southwest Asia, and L. donovani, the etiologic agent
of VL in East Africa and the Indian subcontinent. These
2 species are indeed associated with an anthroponotic
transmission cycle. On one hand, L. donovani, which is
transmitted by a different species of sand fly outside Eu-
rope, might be hosted by most European sand flies, except
Phlebotomus papatasi and P. sergenti (17). On the other
hand, L. tropica, which has more stringent requirements
in terms of vector, would need P. sergenti, which was re-
ported in several places in southern Europe, from Portugal
(18) to Cyprus (19). L. tropica was indeed encountered
in Greece (20), and according to a very recent report, the
first autochthonous cases of L. donovani in Europe have
been detected in Cyprus (21). The clinical phenotype as-
sociated with both species needs also to be considered for
an exhaustive risk evaluation. L. tropica causes lesions
that are generally more difficult to treat with antimonial
drugs (22), whereas L. donovani is considered to be more
aggressive than L. infantum and often does not respond to
treatment with first-line drugs (23).

In addition to being concerned about importation and
spread of exotic Leishmania species in Europe, exportation
should also be considered. The best known historical ex-
ample of the spread of leishmaniasis is the migration of
L. infantum from Europe to Latin America, where it colo-
nized in Lutzomyia longipalpis and is now causing a seri-
ous public health problem (>3,500 cases of VL per year in
Brazil) (24). This spread is thought to have been caused
by conquistadores’ dogs (25). Another and current ex-
ample concerns the L. major/L. infantum hybrids recently
described in HIV-positive VL patients from Portugal (26).
Indeed, these hybrids were shown to be able to develop in
P. papatasi (27), a vector that is widespread in Europe, Af-
rica, and Asia. Considering the reservoir role of HIV—co-
infected patients and the peridomestic and anthropophilic
nature of P. papatasi, these hybrid strains might circulate
by using this sand fly vector, thereby increasing the risk of
their spreading into new foci throughout the broad range of
P. papatasi distribution (27). Finally, the way Europe deals
with its leishmaniasis public and animal health problem
can still have major consequences for the rest of the world.
Miltefosine, one of the few available antileishmania drugs,
has been recently launched in the market for canine leish-
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[ Disease-endemic regions

Il Human visceral leishmaniasis

[ lImported human visceral leishmaniasis

I Cutaneous leishmaniasis

[ Canine leishmaniasis (8.5%—>25.0%)
Figure. Leishmaniasis in southern Europe. Distribution of the
endemic disease; relative proportion of autochthonous (visceral,
cutaneous) and imported human cases and seroprevalence in
dogs (from data reported in Table).

maniasis treatment in Portugal, Spain, Italy, Greece, and
Cyprus. Because dogs are never cured parasitologically
and given the long half-life of the drug, the lack of Euro-
pean policy might contribute to the emergence of parasites
resistant to miltefosine. This resistance could be a problem
for European human patients, as miltefosine is being used
on a compassionate basis in several European AIDS co-
infected patients unresponsive to amphotericin B or pen-
tavalent antimonials (28,29). Furthermore, if dogs infected
with miltefosine-resistant strains were to migrate to Latin
America, where several countries have registered the drug
for human use (currently Colombia, Guatemala, Argentina,
Venezuela, Paraguay, Ecuador, and Honduras; 30), the im-
pact might be greater.

Leishmaniasis and the Globalization of Neglect
Twelve million persons have leishmaniasis, and
500,000 new cases of VL occur each year. More than
50,000 die of this disease each year. The disease is spread-
ing because of several risk factors, climate being only
one. Humanmade changes to the environment and popu-
lation movements (for economic or political reasons) may
lead to alterations in the range and densities of the vectors
and reservoirs, increasing human exposure to infected
sand flies. Urbanization of leishmaniasis becomes more
common and in conjunction with the ruralization of HIV/
AIDS, it contributes to increase the problem of co-infec-
tions in contexts where access to highly active antiretro-
viral therapy is not the same as in industrialized countries.
Leishmania spp. have already become resistant to antimo-
nial drugs (the first-line drug in many developing coun-
tries) in some regions and may soon become resistant to
miltefosine (23). Despite this increasing resistance, leish-
maniasis is one of the most neglected diseases in develop-
ing countries, along with others like sleeping sickness or
Chagas disease. Leishmaniasis is a disease for which we
lack effective, affordable, and easy to use drugs, and the
pharmaceutical industry has had few incentives to engage
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in their development. In addition, leishmaniasis surveil-
lance and control are also neglected. One of the main
reasons for this neglect is that in developing countries,
leishmaniasis is a disease of the poor. Risk for infection
and clinical development are mediated by poverty, while
leishmaniasis diagnosis and treatment are expensive and
may lead to further impoverishment and reinforcement of
the vicious cycle of disease and poverty (31).

In Europe, physicians are sometimes ill-informed on
the diagnosis and treatment of leishmaniasis. In France, a
telephone advice line was created in 2006 by the National
Reference Centre of Leishmania to help physicians in their
therapeutic diagnosis. A study in Germany, a non—disease-
endemic country, showed that the median time between
symptom onset and correct diagnosis was 85 and 61 days
in case-patients of VL and CL, respectively (32). This value
was lower in a leishmaniasis-endemic area, such as south-
ern Italy (35 days, [33]). VL, which was initially a pediat-
ric disease in Europe (hence the name of L. infantum), only
began to gain attention when the co-infection of HIV/AIDS
was documented. Between the late 1980s and early 2001,
>1,900 cases were reported in southwestern Europe (16).
Even though it was reported that both pathogens could be
transmitted through sharing of needles among intravenous
drug users (34), in many cases of co-infection, the parasite
was already present at the time of HIV infection, which indi-
cates that HIV infection would have an unmasking effect on
the true endemicity of Leishmania infection. In other words,
the wave of Leishmania/HIV co-infection showed that L. in-
fantum could behave as an opportunistic parasite, with many
asymptomatic carriers (12), and with the clinical syndromes
being only the tip of the iceberg. Because of the highly ac-
tive antiretroviral therapy, cases of co-infection generally
decreased in the region, with the exception of Portugal (35).

Notification of VL varies according to the country. It
does not belong to the list of 30 notifiable diseases in France.
However, notification is compulsory in Greece, Italy, and
Portugal, though only obligatory in 12 of 17 autonomous
communities of Spain. Underreporting is common. In Por-
tugal, for instance, 76 cases of autochthonous VL were offi-
cially reported at the country level from 2000 through 2005.
During the same period, 127 cases (+67%) were observed
in the Institute of Tropical Medicine of Lisboa (Table). In
the case of autochthonous cutaneous leishmaniasis, consol-
idated data are lacking, but this clinical form is definitely
underreported because of its benign nature and the fact that
it usually does not require hospitalization. Nonetheless,
leishmaniasis is not a disease placed under public health
surveillance at the European level. It does not even belong
to the package of rare diseases considered as a priority in
the Public Health Programme 2003-2008. (Rare diseases,
including those of genetic origin, are life-threatening or
chronically debilitating diseases that are of such low preva-
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lence [<5/10,000 persons] that special combined efforts are
needed to address them so as to prevent significant illness
or perinatal or early deaths or a considerable reduction in a
person’s quality of life or socioeconomic potential.) At the
regional level, the only dedicated network of surveillance
was the one launched by the World Health Organization
and the Joint United Nations Programme on HIV/AIDS in
1993 for the surveillance of Leishmania/HIV co-infections,
which essentially involved European countries as well as
some developing countries.

The low-profile perception seen for human leishmania-
sis differs dramatically from the veterinary world’s percep-
tion. The high incidence of canine leishmaniasis in south-
ern Europe makes Leishmania one of the main dog killers
in the region, and private veterinarians are well aware of
it. Dogs are treated individually to protect from sand fly
bites, and those diagnosed as infected are considered ex-
tremely difficult to treat. Specific web sites are available
for owners of infected dogs to discuss and compare treat-
ment regimens and pose questions to veterinarians. Several
pharmaceutical companies are investing in research and de-
velopment of vaccines, drugs, and topical insecticides for
specific cure and prevention of canine leishmaniasis. This
high-profile perception, however, drops when dogs must
be treated as the reservoir of human leishmaniasis. For
instance, the issue of notification is treated differently in
various leishmaniasis—endemic countries, but even where
notification is compulsory (i.e., Italy and Spain), it is not
a common practice. In Italy, the network Leishmap is cur-
rently monitoring the spread of canine leishmaniasis and
vectors in northern Italy. Leishmap is a scientific network,
supported by a private company (36). Furthermore, private
interests are sometimes at odds with public health goals.
Drugs for leishmaniasis are not regulated in the veterinary
market, and medications intended for use in humans, such
as Ambisome, are used in domestic pets, with the poten-
tial risk that they might be a source for the emergence and
spreading of resistant strains.

Countering the Neglect

Since 2001, several research consortia gathered scien-
tists from Euro-Mediterranean countries (www.leishrisk.
net). These consortia and other research groups generated
knowledge, tools, and education packages and led to a solid
European research network dedicated to the study of leish-
maniasis. Bridging research with surveillance and control
is an issue of dialogue and advocacy. On one hand, health
professionals need to be in close contact with scientists to
help translate basic research into relevant and applicable
tools. For instance, sequencing the whole genome of Leish-
mania represented a technologic challenge, but the next
challenge is to exploit this sequencing for the benefit of the
patient (www.leishrisk.net). On the other hand, scientists
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must market their results to influence health policy. Chang-
es in health policy are being made; during manuscript revi-
sion, we were informed of the selection of leishmaniasis
among the priority zoonoses addressed by the Episouth
network (www.leishrisk.net).

Deciding health policy is a complex social, economic,
and political interrelationship that is much broader than
leishmaniasis alone (or even infectious diseases generally).
However, if Europe justifiably wants to invest more in sur-
veillance of vector-borne diseases, the time has come to
recognize its real impact on both animal and human health
and include leishmaniasis as one of these diseases.
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Rickettsia felis as Emergent Global
Threat for Humans

Carlos E. Pérez-Osorio,* Jorge E. Zavala-Velazquez,* Juan José Arias Leon,*
and Jorge E. Zavala-Castro*

Rickettsia felis is an emergent pathogen belonging to
transitional group rickettsiae. First described in 1990, R.
felis infections have been reported to occur worldwide in
fleas, mammals, and humans. Because clinical signs of the
illness are similar to those of murine typhus and other fe-
brile illnesses such as dengue, the infection in humans is
likely underestimated. R. felis has been found throughout
the world in several types of ectoparasites; cat fleas appear
to be the most common vectors. R. felis infection should be
considered an emergent threat to human health.

ickettsia felis is a member of the genus Rickettsia,

which comprises intracellular pathogens that produce
infections commonly called rickettsioses. Although the
genus has no recognized subspecies, rickettsiae have tra-
ditionally been subdivided into 2 groups: the spotted fever
group (SFG) and the typhus group. Infections produced by
these 2 groups are clinically indistinguishable; however,
groups can be differentiated by outer membrane protein
OmpA (absent in the typhus group) and by vector. SFG
members are transmitted by ticks; typhus group members,
by fleas and lice (1,2). More recently, Gillespie et al. (3)
added to this classification by designating the transitional
group of rickettsiae and describing an ancestral group of
rickettsiae.

In 1990, Adams et al. described a rickettsia-like or-
ganism, which resembled R. typhi, in the cytoplasm of
midgut cells of a colony of cat fleas (1). The new rickettsia
received the initial name of ELB agent after the company
from which the fleas were obtained (EI Labs, Soquel, CA,
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USA) (4). The first observations, such as reactivity with
antibodies to R. typhi (1), the type of vector in which it was
first discovered (1), and the apparent absence of OmpA (5),
suggested that the new organism belonged to the typhus
group of rickettsiae (4).

The molecular characterization of the organism de-
scribed by Adams and reported by Bouyer et al. in 2001
provided sufficient evidence to support the designation of
R. felis as a member of the SFG (6), and in 2002, La Scola
et al. provided further characterization (7). One notice-
able characteristic is the temperature-dependent growth of
the bacterium, which requires incubation temperatures of
28°-32°C for optimal growth. However, the most striking
characteristic of the novel rickettsia was the plasmid DNA
in its genome (8).

World Distribution in Potential Host Vectors

Soon after the initial description of the typhus-like
rickettsia, Williams et al. (9) reported that cat fleas col-
lected from opossums in an urban setting in California
were infected with the novel rickettsia, but no organism
was detected in the tissues of the opossums. Since this re-
port, this organism has been described in infected vectors
from 20 countries on 5 continents (9). Not until 2002 did
interest in R. felis increase, when the United States (9),
Brazil (10), Mexico (11), and Spain (12) were among the
first countries to describe cat fleas (Ctenocephalides felis)
infected with R. felis. During the following 5 years, 28
additional reports appeared from all over the world (Table
1). These reports describe new potential vectors being in-
fected with the emergent rickettsia, including the follow-
ing: fleas, such as C. canis (13-15), Anomiopsyllus nudata
(16), Archaeopsylla erinacei (15,17), Ctenophthalmus sp.
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Table 1. Potential vectors infected with Rickettsia felis reported worldwide, 1992—-2007*

Year Source of DNA sample Animalt Country Reference
1992 Ctenocephalides felis Opossum USA 9)
2002 C. felis Cats and dogs Brazil (20)
2002 C. felis Dogs Mexico (11)
2002 C.felis Cats and dogs Spain (12)
2003 Haemophysalis flava, H. kitaokai, and Ixodes ovatus Unknown (flagging) Japan (19)
2003 C. felis Cats France (22)
2003 C. felis Cats and dogs UK (23)
2004 C. felis Dogs Peru (24)
2005 Anomiopsyllus nudata Wild rodents USA (16)
2005 C. felis Cats and dogs New Zealand (25)
2005 C. felis Monkey Gabon (26)
2006 C. felis and C. canis Dogs Brazil (13)
2006 C. felis and C. canis Cats and dogs Uruguay (14)
2006 Archaeopsylla erinacei and C. canis Hedgehog and rodents Algeria (15)
2006 A. erinacei and Ctenophtalmus sp. Rodents and hedgehog Portugal a7)
2006 Xenopsylla cheopis Rodents¥ Indonesia (18)
2006  C. felis, Rhipicephalus sanguineus, and Amblyommma cajennense Dogs and horse Brazil (20)
2006 Unknown flea Gerbil Afghanistan (27)
2006 C. felis Cats and dogs Australia (28)
2006 C. felis Cats Israel (29)
2006 C. felis Rodents Cyprus (30)
2007 Mites Wild rodents South Korea (21)
2007 C. felis Cats USA (31)
2007 C. felis Cats Chile (32)

*PCR was used to detect R. felis infection with 1 noted exception.
tAnimal host of potential vectors.
FQuantitative PCR.

(17), and Xenopsylla cheopis (18); ticks, Haemaphysalis
flava (19), Rhipicephalus sanguineus (20), and Ixodes
ovatus (19); and mites from South Korea (21) (Table 1).
Despite the large number of potential vectors reported,
the only vector currently recognized is C. felis because it
has been demonstrated that this flea is able to maintain a
stable infected progeny through transovarial transmission
(4). In addition, production of antibody to R. felis has been
noted in animals after they have been exposed to infected
cat fleas (9). Other evidence to be considered is the fact
that 68.8% of the reports state that the cat flea is the most
recurrent vector in which R. felis has been detected. These
data further support the wide distribution of rickettsiae
because they correlate with the worldwide distribution
of C. felis; this distribution represents a threat to the hu-
man population because of lack of host specificity of the
cat flea.

R. felis infection is diagnosed by PCR amplification
of targeted genes. The genes most commonly amplified
by researchers are gltA and ompB; followed by the 17-
kDa gene. Also, 25% of published articles report that R.
felis was detected by amplifying >2 genes, and all report
that amplicons were confirmed as R. felis by sequencing.
The animal hosts from which the infected ectoparasites
were recovered represent a diversity of mammals (Table
1), which included 9 different naturally infested animal
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species. However, in 16 of 33 articles, ectoparasites were
recovered from dogs. Other hosts for ectoparasites were
cats (in 13 of 33 reports); rodents (5 of 33 reports); opos-
sums and hedgehogs (2 reports each); and horses, sheep,
goats, gerbils, and monkeys (1 report for each animal
species).

In summary, the presence of R. felis in a diverse range
of invertebrate and mammalian hosts represents a high
potential risk for public health and the need for further
studies to establish the role of ectoparasites other than C.
felis as potential vectors. To date, whether any vertebrate
may serve as the reservoir of this emergent pathogen has
not been determined. However, preliminary data from
our laboratory suggest that opossums are the most likely
candidates.

World Distribution of Human Cases

In 1994, the first human case of infection with the new
cat flea rickettsia was reported in the United States (2). This
became the first evidence of R. felis’ potential as a human
pathogen. R. felis infection had a similar clinical manifes-
tation as murine typhus (including high fever [39°-40°C],
myalgia, and rash). Although the initial idea was that the
murine typhus-like rickettsia had a transmission cycle in-
volving cat fleas and opossums (2,5,9), no viable R. felis
has yet been isolated from a vertebrate host.
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Three more cases of R. felis infection were reported
from southeastern Mexico in 2000. The patients had had
contact with fleas or animals known to carry fleas. The clin-
ical manifestations were those of a typical rickettsiosis: all
patients had fever and myalgia; but the skin lesions, instead
of a rash, were similar to those described for rickettsialpox.
In addition, for 3 patients, central nervous system involve-
ment developed, manifested as photophobia, hearing loss,
and signs of meningitis (33).

As occurred with the fast-growing reports of the
worldwide detection of R. felis in arthropod hosts, the re-
ports of human cases of R. felis infection increased rap-
idly in the following years (Table 2). But, in contrast, only
11 articles reported human infection by R. felis compared
with 32 that reported ectoparasite infection with the new
rickettsia. Nevertheless, these findings indicate that an ef-
fective surveillance system is urgently needed to distin-
guish R. felis rickettsiosis from other rickettsial infections
such as murine typhus and Rocky Mountain spotted fever,
and from other febrile illnesses such as dengue. Although
PCR is still a method of choice for many laboratories, its
high cost prevents many from using the technique, partic-
ularly in developing countries. Important advances have
been achieved in diagnostics, such as the recent establish-
ment of a stable culture of R. felis in cell lines that allows
its use as antigen in serologic assays differentiating the
cat flea rickettsia from others. Use of this culture in the
immunofluorecent assay has enabled detection of addi-
tional human cases (38).

The first autochthonous human case in Europe was
reported in 2002, which demonstrated that R. felis has a
potential widespread distribution and is not confined to the
Americas. It also confirmed the risk for human disease any-
where in the world. After the first report in Europe of a hu-
man infection of R. felis, other human cases have appeared
in other countries around the world, including Thailand
(36), Tunisia (38), Laos (39), and Spain (40); additional
cases have been reported in Mexico and Brazil (34). All
the data support the conclusion that the incidence of R. felis
rickettsiosis and the simultaneous worldwide distribution
of the flea vector plausibly explain its endemicity.

Rickettsia felis as Global Threat

At present, the involvement of domestic animals (e.g.,
dogs and cats) or wild animals coexisting in urban areas
(e.g., opossums) maintains R. felis infection in nature. C.
felis fleas serve as the main reservoir and likely have a cen-
tral role in transmission of human illness.

Conclusions

R. felis is an emergent rickettsial pathogen with a
worldwide distribution in mammals, humans, and ectopar-
asites. The clinical manifestations of R. felis infections re-
semble those of murine typhus and dengue, which makes
them difficult to diagnose without an appropriate labora-
tory test. For this reason, infections due to this emergent
pathogen are likely underestimated and misdiagnosed. Al-
though R. felis may require only fleas for its maintenance
in nature, we still do not know the role of animals in the
life cycle of flea-borne spotted fever rickettsia. In addition,
flea-borne spotted fever should be considered in the dif-
ferential diagnosis of infectious diseases. Further research
should be conducted to determine the actual incidence of
R. felis infection in humans, the spectrum of clinical signs
and symptoms, and the severity of this infection and also to
assess the impact on public health.
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Household Responses to School
Closure Resulting from Outbreak
of Influenza B, North Carolina
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School closure is a proposed strategy for reducing in-
fluenza transmission during a pandemic. Few studies have
assessed how families respond to closures, or whether oth-
er interactions during closure could reduce this strategy’s
effect. Questionnaires were administered to 220 house-
holds (438 adults and 355 children) with school-age chil-
dren in a North Carolina county during an influenza B virus
outbreak that resulted in school closure. Closure was con-
sidered appropriate by 201 (91%) households. No adults
missed work to solely provide childcare, and only 22 (10%)
households required special childcare arrangements; 2
households incurred additional costs. Eighty-nine percent
of children visited at least 1 public location during the clo-
sure despite county recommendations to avoid large gath-
erings. Although behavior and attitudes might differ during a
pandemic, these results suggest short-term closure did not
cause substantial hardship for parents. Pandemic planning
guidance should address the potential for transmission in
public areas during school closure.

Human influenza pandemics have occurred 3 times in
the past century and are assumed to be recurring bio-
logic events (1). Preparation for the next influenza pandem-
ic has become a major focus of public health activities. Use
of vaccines containing antigens matched for a pandemic
influenza A strain is the best control measure for reducing
illness and death during a pandemic (1,2). However, spe-
cific vaccines will take >4—6 months to be produced once a
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pandemic strain is identified. Additionally, sufficient doses
of antiviral drugs might not be available to supply treat-
ment and chemoprophylaxis needs (3). As a result, a vari-
ety of nonpharmaceutical interventions (NPIs) have been
proposed by US federal agencies (4) and the World Health
Organization (5) to help mitigate the impact of a pandemic
while vaccines against the pandemic strain are being pro-
duced. NPIs that have been identified as potential mitiga-
tion strategies include voluntary isolation of case-patients,
voluntary quarantine of contacts of cases, and social dis-
tancing of children and adults.

School-age children have the highest attack rates dur-
ing typical seasonal influenza outbreaks and play a central
role in sustaining influenza transmission (6). Children are
being disproportionately affected by the avian influenza A
virus (HSN1) that is currently circulating in many coun-
tries (7). School attendance during the 1957 epidemic was
thought to amplify the transmission of virus in Japan (8).
Proposed mitigation strategies have thus focused on this age
group as a means of reducing transmission. School closure
lasting 4-12 weeks has been recommended as an option
to distance children and decrease transmission (4). Several
modeling studies have suggested that school closure might
reduce peak attack rates and overall clinical attack rates,
especially if combined with other strategies, including vol-
untary isolation and quarantine of sick persons and their
contacts (9) or household-based antiviral prophylaxis and
quarantine (10). However, few data are available to address
whether school closure can actually reduce the transmis-
sion of influenza viruses among susceptible children or
their family contacts (11).

Prolonged school closures might have adverse social
and economic effects (12,13). For example, some parents
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will likely stay home to care for children, resulting in lost
family income, as well as adverse effects on businesses.
Children from families of lower socioeconomic status
may rely on their schools for the National School Lunch
Program, a federally assisted meal program that provides
meals and snacks to children who qualify (13). To date,
no study has evaluated parental attitudes or responses to
school closures during a seasonal influenza outbreak.

In late October, 2006, a rural county in North Carolina
experienced an influenza B virus outbreak that resulted in
a sudden increase in student and school staff absenteeism.
School officials closed all 9 schools in the county on No-
vember 2, and schools remained closed through November
12. These events provided an opportunity to evaluate the
response of families with schoolchildren to closing schools
and to observe the frequency of children’s excursions to
public places during the school closure.

Methods

Detection of and Response to the Outbreak

Yancey County, North Carolina, had an estimated
population in 2006 of 18,421, of whom =21% were <18
years of age, and an estimated 7,472 households in 2000.
This county is located in the western part of the state in
the Appalachian Highlands on the Tennessee border. From
October 26 through November 1, 2006, school officials
observed a marked increase in the number of student and
employee absences in the 9-school system. Many absences
were attributed to influenza-like illness (ILI) among chil-
dren and staff. Two elementary schools were particularly
affected, with absentee rates among students increasing
from 4% and 8.8% on October 26 to 34% and 32%, re-
spectively, on November 1. Using commercial rapid anti-
gen detection techniques, a local clinic identified influenza
in 29 patients on October 31. The North Carolina Public
Health Laboratory subsequently confirmed the presence of
influenza B virus in samples that were submitted for viral
culture from 7 of 8 children. On November 1, with 429
children (17% of schoolchildren enrolled in all 9 schools;
Figure 1, panel A) and 38 (10%) of the staff absent, school
officials closed all the county’s public schools because of
unmet staffing needs.

In an increased effort to vaccinate residents in response
to the outbreak, influenza vaccine clinics were established
at the county health department. A reverse 911 call was
issued to county residents by the health department and
county government on November 1. The reverse 911 sys-
tem is a notification system that enables town officials to
deliver telephone messages during an emergency to specific
groups of persons on the basis of location. County residents
were given the following message by telephone: “This is
a message from Yancey County Health Department and
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Yancey County Government. Due to increasing cases of
influenza, residents of Yancey County are being asked to
avoid large gatherings. Also, please wash hands frequently,
cover coughs, and avoid contact with sick individuals. For
more recorded information call ...”

Household Survey

A total of 1,750 households had children enrolled in the
public school system. To evaluate the response of Yancey
County residents with children in the public school system
to the influenza outbreak and school closings, a random
sample of these households was contacted by telephone on
November 16—-18. A standard questionnaire was used. A
parent or legal guardian from each household was asked to
provide information about his or her child’s (or children’s)
activities during the school closure (November 2—12,2006),
special arrangements that had to be made for child care, and
attitudes toward the closure. This household respondent
was also asked to provide demographic information on the
household and answer questions about how school closure
affected his or her own employment and daily routines, and
those of any other adults in the household. Respondents
were asked their perceptions of the likelihood that a child

Schools closed

A, ( N

% Children absent

No. children

2324252627282930311 2 3 45 6 7 8 9 1011 12 13 14 15 16 17

Oct Nov
Figure 1. A) Percentage of schoolchildren absent from public
schools, by date, and B) total number of children surveyed with
influenza-like illness, by date of illness onset, Yancey County, North
Carolina, October 23—November 17, 2006.
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might be infected with influenza virus and the likelihood
that an infected child would require hospitalization. Parents
with children who had been ill at some time since October
15, 2006, were asked about clinical manifestations of each
child’s illness. ILI was defined as having a fever (objective
or subjective) and either a cough or sore throat in the ab-
sence of a known cause other than influenza.

Four hundred telephone numbers were randomly se-
lected from a list of all households with children enrolled in
public schools, with the intent of obtaining >200 completed
surveys, which would represent >10% of the households
and >10% of children enrolled in public schools. Fami-
lies were called at various times of the day and evening
both during the week and on the weekend from November
16—18. Information was collected on each school-age child
living in the household. To control for the effect of family,
1 child was randomly selected from each household. Sta-
tistical analysis was performed by using SAS version 9.1
(SAS Institute, Cary, NC, USA).

Results

Interviewers called households over a 3-day period
until a minimum of 200 surveys were completed. Two
hundred twenty (97%) of those contacted completed the
survey; 8 (3%) households refused. The 220 households
surveyed included 438 adults (3% of the adult popula-
tion in the county) and 355 school-age children (=14% of
all children enrolled in the public schools, or 9.4% of all
children <18 years of age in the county). The percentage
of children surveyed from any 1 school ranged from 9% to
21%. The percentage of children in each grade who were
surveyed ranged from 8% of third-graders to 20% of ninth-
graders. Characteristics of the household and children in
the survey are shown in Table 1. Thirty-seven (17%) of the
220 households had only 1 adult (lower than the national
rate of single-parent homes, which is 27%). Children from
87 (41%) of 212 responding households were reported as
receiving free or reduced-cost lunches through the National
School Lunch Program. This finding is slightly lower than
the percentage of children reported as enrolled in the coun-
ty (51%) or the state (48%) in 2005 (14), but approximately
the same as the national (37.8%) percentage of children eli-
gible for the program (15).

One hundred thirty (37%) of 355 surveyed schoolchil-
dren were ill on >1 days from October 23 through Novem-
ber 15. Among children who attended elementary schools,
50% were ill during this period, compared with 26% and
28% of surveyed middle and high school-age children, re-
spectively (Table 2). Among children who were reported
ill, 66 (51%) met the case definition for ILI. The reported
dates for ILI symptom onset started October 20 and peaked
on November 1, 2006, the day before schools closed (Fig-
ure 1, panel B). A total of 78 (22%) children reportedly
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Table 1. Characteristics of children and households surveyed,
Yancey County, North Carolina, 2006*

Characteristic Value
Households (N = 220)
Single-adult home 37 (17)
Two-adult home 145 (66)
Three- or four-adult home 38 (17)
Children in home receive free/reduced-cost 87 (41)
luncht (n = 212)
All adults employed outside the home 118 (54)
Children (N = 355)
Male 177 (50)
White, non-Hispanic 344 (97)
Median age, y (range) 12 (5-19)

*Values are no. (%) unless otherwise indicated.
TFree and reduced-cost lunches provided through the National School
Lunch Program.

received influenza vaccine for that season as of Novem-
ber 15. Sixty-three (81%) of these children received it after
schools closed (November 2 or later).

Ninety-nine (45%) household respondents thought it
was very possible that their child could get influenza from
another person. However, only 15 respondents (7%) felt it
was very possible that their child would need hospitaliza-
tion if they became infected with influenza.

After we controlled for the effect of family, visiting
public locations during the school closure (November
2-12) was commonly reported, with 195 (89%) of 220
children visiting at least 1 public place (Table 3). Overall,
47% of children traveled outside Yancey County at least
once during the school closure. Sites children visited dur-
ing school closure differed by age group and illness status.
For example, older children were significantly more likely
to go to fast food restaurants and parties (p<0.05; Figure 2).
However, they were less likely to go grocery shopping than
younger children. No differences were seen between chil-
dren who were reported as ill at any time from October 23
through November 15 and children who were not ill during
that time (Figure 3).

Among adults in surveyed households, 315 (72%)
were employed outside the home (Table 4). In 118 (54%)
of the 220 households surveyed, all adults in the household
were employed outside the home. Of 218 adults living in
those 118 homes, only 39 (18%) had occupations that per-
mitted them to work from home. Seventy-six (24%) of the
315 employed adults missed >1 day of work from Octo-
ber 23 through the date of the survey, including 36 (47%)
because of their own illness, 18 (24%) to take care of ill

Table 2. Prevalence of child iliness reported by parents by school
type, Yancey County, North Carolina, 2006

No. (%) surveyed of all

No. (%) ill of those

School type public schoolchildren surveyed
Elementary 136 (12) 68 (50)
Middle 86 (14) 22 (26)
High 128 (16) 36 (28)
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Table 3. Locations visited by schoolchildren when schools were
closed, controlled for effect of family, Yancey County, North
Carolina, 2006

Location visited (N = 220)

No. (%) children

At least 1 public location 195 (89)
Grocery stores 97 (44)
Fast food restaurants 77 (35)
Church services 75 (34)
Mall 42 (19)
Parties or sleepovers 33 (15)
Outside Yancey County 103 (47)

family members, and 14 (18%) because of school closure.
However, all adults who reported missing work because of
school closure were school employees. Among all adults
who missed work during the period, the median number of
days missed was 3, and days missed ranged from 1 to 14.

One hundred sixty-seven (76%) households indicated
that someone was regularly available during the day to pro-
vide childcare (Table 4). Twenty-two (10%) reported that
they had to make special childcare arrangements because
of school closure, including enlisting working adult house-
hold members, grandparents or other relatives, friends, or
nonrelated adults to provide childcare; taking the child to
work; having older siblings watch younger children; or us-
ing childcare programs. Among responding households,
only 7 (3%) had to have their child spend >1 nights outside
their household for childcare purposes, and only 2 (1%) re-
ported having to spend extra money ($100 and $150) on
childcare arrangements.

A total of 201 (91%) responding households thought
the decision to close schools was appropriate (Table 5).
Eighty-two (41%) of households that provided a reason for
that opinion thought the decision was appropriate to protect
the health of the community, 71 (35%) felt there were too
many sick children for schools to remain open, 23 (11%)
thought it would help protect their child and family, and 8
(4%) thought that schools would be too understaffed if they
remained open. Of the 10 (5%) respondents who believed
school closure was inappropriate, 4 (40%) thought it could
result in lost income, 3 (30%) did not think influenza was
in the area, 2 (20%) did not think closure was an effective
measure, and 1 (10%) found it too difficult to make child-
care arrangements. Overall, 198 (90%) thought they had
enough time to prepare for school closures. A total of 180
(84%) felt well prepared and could not think of anything
that could have helped them prepare better to deal with
closure. Twenty (9%) would have appreciated more time
between notification and closing. Several respondents also
mentioned that they would have liked to have been warned
that influenza was in the area, that children at school were
sick, and that schools might be closed as a response to ill-
nesses.
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Figure 2. Locations visited by schoolchildren during school closure
by age group, controlled for effect of family, Yancey County, North
Carolina, 2006. Values above bars are percentages. *p<0.05.
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Discussion

The primary objective of this investigation was to eval-
uate the response of households to school closure caused by
an influenza outbreak. This study found that most adults
believed that school closure was appropriate and necessary
to slow influenza transmission and protect the health of the
community. Second, almost all children visited public areas
within the community while schools were closed, despite
public health recommendations to avoid large gatherings.
Lastly, the effect of school closure on work absenteeism
and childcare expenditures appeared to be minimal in this
community.

Yancey County is located in the Blue Ridge Moun-
tains, and results obtained there are likely not generalizable
to all counties. First, residents in this rural, mountainous
county are accustomed to dealing with frequent school clo-
sures resulting from adverse weather conditions, particu-
larly winter snowstorms. Families in communities where
school closures are infrequent or where extended families
are less available to provide childcare might respond differ-
ently. Additionally, only 17% of households in this survey
were single-adult homes, compared with the national aver-
age of 27%. Multiple-adult households might find arrang-
ing childcare for schoolchildren during school closures to
be less challenging than single-adult homes. Also, the me-
dian age of children in this survey was 12 years. Childcare
arrangements for older children are likely easier to make
than for younger children. Lastly, no adults in this survey
reported missing work solely because of school closure,
other than those employed by the school. Only 18 (8%)
adults from the 220 households in the survey reported miss-
ing work to stay with a sick family member. This finding is
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Figure 3. Percentage of ill and healthy schoolchildren visiting
various locations during school closure, controlled for effect of
family, Yancey County, North Carolina, 2006. Values above bars are
percentages. No significant differences were observed (p<0.05).

dissimilar to findings from another study that found that at
least 1 adult in 53% of families missed work to care for an
ill child because of a winter respiratory illness (16). Other
studies have also found that epidemics of respiratory illness
can cause a substantial number of lost workdays for parents
of ill children (17,18).

Results might also have been different if schools were
closed for a longer period or if a more clinically severe
strain of influenza were present, causing more hospital-
izations or death. Most parents interviewed in the present
study did not think that infection would result in hospital-

ization; only 5 brief hospitalizations were reported. We did
not collect quantitative information on the frequency or du-
ration of visits to public places by schoolchildren and did
not determine whether these persons visited public places
while potentially infectious. Lastly, households with chil-
dren who attended private school or were home-schooled
were not surveyed.

The decision of the local school board to close all 9
schools in Yancey County was primarily motivated by con-
cerns about staffing the schools in the face of high levels of
absenteeism. Although the reduction in ILI that occurred
after schools were closed is an intriguing finding, results
from this investigation cannot be used to assess the effect
of school closure on the effect of illness in a community
experiencing an influenza outbreak. Influenza outbreak dy-
namics are relatively poorly understood, and the proportion
of children who were susceptible to infection might have
decreased below the number required to sustain transmis-
sion at approximately the same time schools were closed.
The fact that transmission decreased despite many school-
children in public gathering places also calls into question
the role of reduced contacts among children in ending the
outbreak.

Studies that have modeled the effects of NPIs on re-
ducing influenza epidemic size during a pandemic have
suggested that closing schools can be effective if imple-
mented early and if the reproductive number (R) is low
(<1.8) (19). For example, in a network-based simulation in
which =#50% of persons were infected, similar to the Asian
influenza pandemic of 1957-58, closing schools and keep-
ing those children at home reduced the calculated attack
rate by 90% (20). Studies of the effects of school closure
on respiratory disease rates in schoolchildren have shown
mixed results. An investigation in Israel showed that al-

Table 4. Employment and childcare status of adults and households during school closure, Yancey County, North Carolina, 2006*

Characteristic Value
Adults employed outside home (N = 438) 315 (72)
Occupations of those employed outside home (N = 315)
Healthcare 35(11)
Education 36 (11)
Industry 27 (9)
No. homes where all adults in home employed (N = 220) 118 (54)
Adults who can work from home (in homes where all adults in the house work outside the home, N = 218) 39 (18)
Missed worked from Oct 23 through Nov 15 (N = 315) 76 (24)
Median no. days missed (range) 3 (1-14)
Reason for missed work (N = 76)
Own illness 36 (47)
Had to take care of ill family members 18 (24)
School closure 14 (18)
Childcare (N = 220)
Someone home during the day who could provide childcare 167 (76)
Had to make special arrangements 22 (10)
Child had to spend >1 nights away from home for childcare purposes 7(3)
Had to spend extra money for childcare 2(1)

*Values are no. (%) unless otherwise indicated.

1028

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 14, No. 7, July 2008



Table 5. Household responses to school closure and difficulties
obtaining childcare, Yancey County, North Carolina, 2006

Response No. (%)
Felt closure was appropriate (N = 220) 201 (91)
Reason it was appropriate (N = 201)

To protect health of the community 82 (41)

Too many sick children 71 (35)

To protect their child and family 23 (11)

Schools would be understaffed 8 (4)
Felt closure was not appropriate (N = 220) 10 (5)
Reason it was not appropriate (N = 10)

Could result in lost income 4 (40)

Did not think influenza was in the area 3(30)

Did not think it was an effective measure 2 (20)

Too difficult to make childcare arrangements 1(10)
Overall preparedness (N = 220)

Had enough time to prepare for closure 198 (90)

Could not think of anything that would have 180 (84)

made them more prepared

Could have used more time 20 (9)

though schools were closed because of a teacher strike,
the incidence of respiratory illness diagnosed in children
who came to health clinics decreased, as did physician and
emergency department visits and purchase of medications
(11). Rates subsequently increased when schools reopened.
However, some (researchers and public health officials)
have proposed that school closure in urban areas might
have an opposite effect because children released from
school can more easily congregate. This effect may have
occurred in children from Chicago during the 1918-19
pandemic when rates of influenza among schoolchildren
increased during time off from school (21). In Connecticut,
3 cities (Bridgeport, Hartford, and New Haven) kept their
schools open during the 1918-19 pandemic (21) and ex-
perienced lower mortality rates than 2 smaller cities (New
London and Waterbury) that closed schools.

We cannot assess the effect of influenza vaccination
on the course of the influenza outbreak in Yancey County.
Large-scale vaccination programs began in the county dur-
ing late October. Although not known at the time of these
programs, the influenza B strain contained in the 2006—
2007 vaccine (Victoria lineage) was not a good match to
the circulating Yamagata lineage influenza B viruses in this
outbreak (22). However, only a few influenza virus isolates
were antigenically characterized at the Centers for Disease
Control and Prevention (CDC) in Atlanta, and we do not
know that the isolates tested were representative of those
circulating in the area at the time. Influenza A viruses were
found through CDC’s sentinel surveillance systems to be
circulating in other counties concurrently. It is possible that
other viruses were co-circulating in Yancey County and
were not detected.

The effectiveness of closing schools to reduce trans-
mission of common infectious diseases such as influenza is
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not well studied (12). In addition, data on school closures in
response to infectious disease outbreaks in general are not
regularly collected in the United States. Additional studies
to assess these actions will be of interest to local public
health officials and school administrators who make deci-
sions about keeping schools open during explosive but self-
limited outbreaks with high attack rates among schoolchil-
dren, such as those commonly caused by seasonal influenza
or norovirus. Results from such studies will also be help-
ful in planning and implementing community mitigation
strategies for disease outbreaks whose community impact
might be severe, such as pandemic influenza.

This investigation provides insight into how house-
holds with school-age children in a small rural community
responded to a brief school closure precipitated by a sea-
sonal influenza outbreak. Overall, respondents to the sur-
vey indicated that the community was in favor of closing
schools as a way to deal with high levels of student and
staff absenteeism and potentially to reduce transmission.
Parents reported few problems in coping with the school
closure and did not miss work to provide childcare. How-
ever, many students visited public areas during school
closure. Plans for pandemic influenza responses should ad-
dress the potential for transmission in public areas during
school closure.
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Attributable Outcomes of Endemic
Clostridium difficile-associated
Disease in Nonsurgical Patients

Erik R. Dubberke,* Anne M. Butler,* Kimberly A. Reske,* Denis Agniel,* Margaret A. Olsen,*
Gina D’Angelo,* L. Clifford McDonald,t and Victoria J. Fraser*

Data are limited on the attributable outcomes of Clostrid-
ium difficile—associated disease (CDAD), particularly in
CDAD-endemic settings. We conducted a retrospective co-
hort study of nonsurgical inpatients admitted for >48 hours
in 2003 (N = 18,050). The adjusted hazard ratios for read-
mission (hazard ratio 2.19, 95% confidence interval [CI]
1.87-2.55) and deaths within 180 days (hazard ratio 1.23,
95% CI 1.03-1.46) were significantly different among CDAD
case-patients and noncase patients. In a propensity score
matched-pairs analysis that used a nested subset of the
cohort (N = 706), attributable length of stay attributable to
CDAD was 2.8 days, attributable readmission at 180 days
was 19.3%, and attributable death at 180 days was 5.7%.
CDAD patients were significantly more likely than controls to
be discharged to a long-term-care facility or outside hospital.
Even in a nonoutbreak setting, CDAD had a statistically sig-
nificant negative impact on patient illness and death, and the
impact of CDAD persisted beyond hospital discharge.

lostridium difficile—associated disease (CDAD) is an

increasingly common cause of hospital-associated di-
arrhea (1,2). The emerging NAP1 strain of C. difficile has
been associated with numerous outbreaks and appears to
be more virulent than other endemic and epidemic C. dif-
ficile strains (3-9). Despite the increasing importance of
this pathogen, few data exist on outcomes attributable to
CDAD (10-14). The attributable mortality for CDAD has
recently been estimated at 6.9% and 16.7% (9,12). How-
ever, these studies were performed during CDAD out-
breaks caused by the NAP1 strain. Published estimates of
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CDAD-attributable deaths in disease-endemic settings are
much lower (1.2%—1.5%) (10,13). Kyne et al. did not find
endemic CDAD to be an independent predictor of death
within | year of CDAD, but that study was relatively small
(47 CDAD cases) (11). Thus, additional data with larger
sample sizes are needed to determine outcomes associated
with CDAD in nonoutbreak settings. With a large cohort
of CDAD patients at a tertiary-care center, we evaluated
CDAD outcomes including length of stay, hospital dis-
charge status, time-to-readmission, and deaths in a CDAD-
endemic setting.

Methods

This study was conducted at Barnes-Jewish Hospi-
tal (BJH), a 1,250-bed, tertiary-care academic hospital in
St. Louis, Missouri. Eligibility was limited to nonsurgical
patients admitted for >48 hours from January 1 through
December 31, 2003. Nonsurgical patients were defined as
those without operating room costs. Surgical patients were
excluded because of their heterogeneity. Specifically, risk
factors for length of stay, readmission to the hospital, and
death were different in this population compared with other
hospitalized patients. Data were primarily collected from
the hospital’s Medical Informatics database. The database
was queried to collect patient demographics; admission and
discharge dates; International Classification of Diseases,
9th edition, Clinical Modification (ICD-9-CM), diagno-
sis and procedure codes (online Appendix, available from
www.cdc.gov/EID/content/14/7/1031-app.htm); inpatient
medication orders; vital signs; and laboratory results, in-
cluding C. difficile toxin assay results. The Medical Infor-
matics database was also queried to ascertain date of death.
Patients without a death date in the database were screened
for death by reviewing the Social Security Death Index.
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For each patient, a modified APACHE II Acute Phys-
iology Score (APS) was calculated to adjust for severity
of illness (15). The APS was based on laboratory results
and vital signs collected within 24 hours of admission. The
score was modified because data for respiratory rates and
Glasgow coma scores were unavailable electronically. In
addition, the Charlson-Deyo method was used to classify
co-existing conditions (16,17). Albumin levels within 24
hours of admission were collected and categorized into
normal (>3.5 g/dL), low (2.5-3.5 g/dL), and very low (<2.5
g/dL). Multiple imputation methods were used to impute
albumin levels for patients without recorded values (18).
For CDAD case-patients, only medication and intensive-
care unit exposures before the patient’s first positive stool
toxin assay were included in analyses.

Case Definition

CDAD case-patients were defined as inpatients with
positive C. difficile stool toxin assays (TechLab, Blacks-
burg, VA, USA). The microbiology laboratory only per-
forms toxin tests on unformed stool, so all patients with
a positive result for toxin were considered case-patients.
Both community-onset and hospital-onset CDAD case-
patients were included in the analyses.

Analyses were performed on the full cohort and a nest-
ed case—control population. The first component was a ret-
rospective cohort. For CDAD patients, the admission date
when the patient’s CDAD was first identified was used as
the index admission. For noncases with >1 admission dur-
ing the study period, 1 admission was randomly selected as
the index admission. The nested case—control population
consisted of propensity score matched cases and controls
from patients identified in the cohort.

Cohort

Data Analysis

Survival was defined as the number of days from the
index hospital admission until death. Survival was cen-
sored at 180 days. Time to readmission was calculated as
the number of days between the index hospitalization dis-
charge date and the date of the subsequent admission to
BJH, if applicable. Days until readmission were censored
at death or 180 days, whichever occurred first.

Fisher exact, >, and Mann-Whitney U tests were
used to compare characteristics of patients with and with-
out CDAD. Time-to-event methods were used to estimate
the effect of CDAD on 180-day survival and time-to-re-
admission. Patients who died during the index hospitaliza-
tion were excluded from the time-to-readmission analysis.
Kaplan-Meier analysis was used to evaluate the unadjusted
relationships between CDAD and time-to-event outcomes.

1032

Cox proportional hazards regression was used to estimate
unadjusted and adjusted hazard ratios and 95% confidence
intervals (Cls). All variables with biologic plausibility or
p<0.15 in the univariate analysis were considered in the
multivariable Cox regression analysis by using backward
stepwise selection. Variables were sequentially removed
from the final model, starting with the variable most weak-
ly associated with the outcome. The significance of individ-
ual covariates was determined by using a Wald statistic of
p<0.05. The proportional hazards assumption was verified
by assessing the parallel nature of curves in log-log plots.

Propensity Score Matched-Pairs Analysis

The second component of this study was a propensity
score matched-pairs analysis of outcomes attributable to
CDAD. This study design complemented the cohort by
enabling analyses that could not be conducted in the en-
tire cohort, specifically hospital discharge status, attribut-
able length of stay, attributable time-to-readmission, and
attributable death. Hospital discharge status could not be
analyzed for the entire cohort because manual review of
medical records was required to determine the discharge
location of each patient. The large size of the cohort pro-
hibited this analysis. In addition, survival and time-to-re-
admission estimates generated in the cohort analysis were
validated in the matched-pairs analysis.

Cases and a subset of controls were selected from the
primary cohort for the matched-pairs analysis. CDAD case-
patients were matched to controls based on their propensity
for CDAD to develop. Patient-specific probabilities of de-
veloping CDAD were predicted by a full logistic regres-
sion model adjusted for all variables suspected to impact
the risk of developing CDAD (online Appendix). Variables
with p<0.05 in univariate analysis or biologic plausibility
were included in the full logistic regression model. CDAD
case-patients and controls were matched by a 1:1 ratio that
used the nearest-neighbor method within calipers of 0.015
standard deviations (19). CDAD cases without an available
nearest-neighbor control were excluded from the analysis.
Chi-square, Fisher exact, and Mann Whitney U tests were
used, as appropriate, to compare characteristics of CDAD
case-patients and controls.

Medical records were reviewed for all CDAD case-
patients and controls to determine hospital discharge loca-
tion for each patient. Patients were categorized as being
discharged to home, to a long-term-care facility, or to an
outside hospital or dying in the hospital. Long-term-care
facility was defined as a long-term-care facility, long-term
acute-care facility/chronic ventilation facility, inpatient
rehabilitation facility, skilled nursing facility, or nursing
home. Outside hospital was defined as a non-BJH hospital
or acute-care facility.
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Data Analysis

Median length of stay was determined for CDAD case-
patients and controls. The difference in median pairwise
length of stay was compared with the Wilcoxon signed-
rank test. Attributable length of stay was calculated as the
median pairwise difference between CDAD case-patients
and controls. Frequencies, adjusted odds ratios, and 95%
ClIs were calculated to determine if discharge location was
associated with CDAD. CDADe-attributable 180-day re-
admission was calculated as the difference in readmission
between CDAD case-patients and controls. Attributable
deaths from 0-180 days, 0—60 days, and 61-180 days after
admission were also calculated by using this method.

The primary survival endpoints of interest were death
and readmission, which were both censored at 180 days
or at death. Kaplan-Meier analyses, conducted by using
log-rank tests, were used to determine relationships be-
tween the survival endpoints and CDAD. Cox propor-
tional hazards regression stratified by matched-pairs was
used to obtain hazard ratios and 95% ClIs. Violation of
the proportional hazards assumption was verified by the
crossing nature of curves in the log-log plots. Therefore,
we used an extended Cox regression model stratified by
matched-pairs for the periods <60 days and >60 days. The

C. difficile—associated Disease in Nonsurgical Patients

breakpoint of 60 days was chosen because the graph of
survival curves for CDAD case-patients and controls di-
verged at ~60 days. Violation of the proportional hazards
assumption was confirmed by the significance of the coef-
ficient for the product term between CDAD and <60 days
and >60 days (20).

All tests were 2-tailed, and p<0.05 was considered
significant. Statistical analyses were performed with SPSS
for Windows version 14.0 (SPSS, Inc., Chicago, IL, USA)
and SAS version 9.1 (SAS Institute, Cary, NC, USA). The
Washington University Human Studies Committee ap-
proved this project.

Results

Among 18,050 nonsurgical inpatients admitted dur-
ing the l-year study period, 390 had CDAD and 17,660
did not. Selected patient characteristics of the cohort are
summarized in Table 1. CDAD patients were significantly
older (median 66.0 vs. 52.7 years, p<0.001) more likely to
be men, and more likely to be Caucasian than were non-
case-patients. CDAD case-patients had a higher severity
of illness on admission than noncases, as indicated by the
modified APS. CDAD patients were more likely to have a
diagnosis of congestive heart failure, chronic obstructive

Table 1. Baseline characteristics of study cohort, Clostridium difficile—associated disease (N = 18,050)*

CDAD case-patients (n = 390),

Non-case-patients (n = 17,663),

Characteristic no. (%) no. (%) p valuet
Age,y

<45 58 (15) 6,847 (39) <0.001

45-65 132 (34) 5,187 (29) 0.06

>65 200 (51) 5,626 (32) <0.001
Male sex 194 (50) 6,704 (38) <0.001
White race 257 (66) 9,860 (56) <0.001
Modified APS

<2 77 (20) 6,687 (38) <0.001

3-4 76 (20) 4,573 (26) 0.004

5-6 82 (21) 2,970 (17) 0.028

>7 155 (40) 3,430 (19) <0.001
Liver disease

Mild 5(1) 204 (1) 0.77

Moderate to severe 6 (2) 209 (1) 0.47
Diabetes without chronic complications 70 (18) 2,718 (15) 0.17
Diabetes with chronic complications 15 (4) 416 (2) 0.06
Myocardial infarction 26 (7) 1466 (8) 0.25
Congestive heart failure 97 (25) 2,562 (15) <0.001
Cerebral vascular disease 16 (4) 882 (5) 0.42
Chronic obstructive pulmonary disease 90 (23) 2,564 (15) <0.001
Rheumatologic/collagen vascular disease 11 (3) 361 (2) 0.29
Peptic ulcer disease 5(1) 279 (2) 0.64
Cancer, excluding leukemia or lymphoma 45 (12) 1,283 (7) 0.001
Leukemia or lymphoma 69 (18) 567 (3) <0.001
Metastatic solid tumor 33(9) 936 (5) 0.01
HIV/AIDS 5(1) 209 (1) 0.81
Paraplegia or hemiplegia 8(2) 223 (1) 0.17
*CDAD, Clostridium difficile—associated disease; APS, Acute Physiology Score.
t Fisher exact test, x test.
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pulmonary disease, cancer, leukemia or lymphoma, and
metastatic solid tumors.

Of 17,492 patients alive at the index hospitalization
discharge, 4,207 (24%) were readmitted to BJH within
180 days. Fifty-two percent of CDAD patients were read-
mitted within 180 days versus 23% of noncases (log-rank
p<0.001). Univariate and multivariable Cox regression re-
sults for time to readmission are presented in Table 2. The
adjusted hazard ratio (HR) for readmission within 180 days
was significantly higher for CDAD case-patients than non-
cases (HR 2.19, 95% CI 1.87-2.55) (Table 2).

By 180 days after hospital admission, 149 (38%) of
390 CDAD case-patients and 2,150 (12%) 17,660 noncase-
patients had died. In the Kaplan-Meier analysis, the mortal-
ity rate was significantly higher for CDAD case-patients
than noncases (log rank p<0.001) (Figure 1). Unadjusted
and adjusted Cox regression results for death within 180
days of admission (“180-day mortality”’) are presented in
Table 3. The adjusted hazard ratio for 180-day mortality
was significantly higher for CDAD case-patients than non-
case patients (HR 1.23, 95% CI 1.03—1.46) (Table 3).

The propensity score matched-pairs analysis included
353 CDAD cases and 353 controls (N = 706). There were

™
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Figure 1. Kaplan-Meier survival estimates for cohort (N = 18,050).
CDAD, Clostridium difficile—associated disease.

no significant differences between the matched cases and
controls after correcting for multiple testing with the Bon-
ferroni procedure. Thirty-seven CDAD case-patients were

Table 2. Cox proportional hazards estimate of readmission at 180 d in Clostridium difficile—associated disease (CDAD) study cohort

(N = 17,492; 4,207 readmissions, 13,285 censored)*t

Variable

Univariate hazard ratiot (95% ClI)

Multivariable hazard ratio F (95% CI)

CDAD 3.09 (2.95-3.23) 2.19 (1.87-2.55)
Male sex 1.42 (1.40-1.45) 1.11 (1.05-1.19)
White race 1.26 (1.23-1.28) 1.06 (1.00-1.13)
Modified APS

<2 Reference Reference

3-4 1.15(1.12-1.18) 1.10 (1.02-1.20)

5-6 1.39 (1.35-1.43) 1.24 (1.13-1.35)

>7 1.84 (1.80-1.89) 1.50 (1.37-1.64)
Albumin, g/dL§

>3.5 Reference Reference

2.5-35 1.05 (1.03-1.08) 0.99 (0.92-1.08)

<2.5 1.03 (0.99-1.07) 0.95 (0.80-1.14)
Liver disease

None Reference Reference

Mild 1.80 (1.67-1.94) 1.44 (1.12-1.83)

Moderate to severe

1.79 (1.65-1.94) 1.48 (1.13-1.93)

Diabetes with chronic complications
Diabetes without chronic complications

1.89 (1.80-1.99)
1.29 (1.26-1.32)

1.53 (1.30-1.80)
1.10 (1.02-1.19)

Congestive heart failure

Cerebrovascular disease

Cancer, excluding leukemia or lymphoma
Leukemia or lymphoma

Metastatic solid tumor

HIV/AIDS

ICU admission

1.60 (1.56—1.64)
0.77 (0.74-0.81)
2.75 (2.67-2.83)
2.31 (2.18-2.45)
2.81 (2.71-2.91)
1.74 (1.62-1.87)
1.06 (1.03-1.09)

1.34 (1.23-1.45)
0.74 (0.63-0.87)
1.90 (1.70-2.13)
1.84 (1.52-2.23)
1.66 (1.46-1.90)
1.74 (1.38-2.19)
0.84 (0.76-0.93)

*Cl, confidence interval; APS, Acute Physiology Score; ICU, intensive care unit.
TThe analysis excluded 558 patients who died during the index hospital admission. Nonsignificant variables considered in the model included mechanical
ventilation, paraplegia’hemiplegia, chronic obstructive pulmonary disease, myocardial infarction, rheumatologic/collagen vascular disease, and peptic

ulcer disease.

FHazard ratios also adjusted for categorical age (<20, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84,

85-89, 90-94, >95 v).

87,610 (42%) patients were missing albumin values. Values were imputed by using multiple imputation methods.
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Table 3. Cox proportional hazards estimate of deaths from Clostridium difficile—associated disease (CDAD) at 180 d in study cohort

(N = 18,050; 2,299 deaths, 15,751 censored)*t

Variable Univariate hazard ratiof (95% CI) Multivariable hazard ratioF (95% ClI)
CDAD 3.55 (3.37-3.75) 1.23 (1.03-1.46)
Male sex 1.73 (1.68-1.77) 1.17 (1.08-1.27)
White race 1.65 (1.61-1.70) 1.22 (1.11-1.33)
Modified APS

<2 Reference Reference

3-4 1.41 (1.36-1.47) 1.09 (0.96-1.24)

5-6 2.09 (2.00-2.17) 1.30 (1.14-1.49)

>7 4.11 (3.97-4.25) 1.65 (1.46-1.87)
Albumin, g/dL§

>3.5 Reference Reference

2.5-35 2.12 (1.90-2.36) 1.62 (1.45-1.82)

<2.5 4.77 (3.91-5.81) 2.93 (2.52-3.42)
Liver disease

None Reference Reference

Mild 3.08 (2.86-3.33) 2.37 (1.85-3.04)

Moderate to severe

5.50 (5.17-5.85)

3.76 (3.05-4.64)

Diabetes with chronic complications
Congestive heart failure

Cerebrovascular disease

Cancer, excluding leukemia or lymphoma
Leukemia or lymphoma

Metastatic solid tumor

HIV/AIDS

Paraplegia/ hemiplegia

Mechanical ventilation

ICU admission

1.47 (1.37-1.58)
1.85 (1.80-1.91)
1.68 (1.60-1.76)
6.42 (6.24-6.61)
3.17 (2.99-3.38)
8.82 (8.57-9.09)
1.77 (1.62-1.95)
1.75 (1.60-1.92)
6.39 (6.18-6.62)
3.08 (2.99-3.17)

1.49 (1.18-1.88)
1.28 (1.15-1.42)
1.62 (1.37-1.92)
2.44 (2.15-2.76)
4.92 (3.98-6.08)
4.41 (3.87-5.03)
2.88 (2.12-3.91)
1.53 (1.12-2.07)
3.17 (2.71-3.71)
1.31 (1.14-1.50)

*Cl, confidence interval; APS, Acute Physiology Score; ICU, intensive care unit.
tNonsignificant variables considered in the model included diabetes without chronic complications, chronic obstructive pulmonary disease, myocardial
infarction, rheumatologic/collagen vascular disease and peptic ulcer disease. Of 2,299 people who died within 180 d of admission, 1,565 (68%) deaths
were identified by means of the hospital Medical Informatics database and 734 (32%) were identified with the Social Security Death Index.
fHazard ratios also adjusted for categorical age (<20, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65—-69, 70-74, 75-79, 80-84,

85-89, 90-94, 95 y).

87,525 (43%) patients were missing albumin values. Values were imputed by using multiple imputation methods.

dropped because a nearest-neighbor control was not avail-
able. Unmatched CDAD patients had significantly higher
modified APS (median = 7.0 vs. 5.0, p<0.001), longer me-
dian length of stay (13.6 days vs. 9.6 days, p = 0.01), and
higher percentage of deaths at 180 days (59% vs. 36%, p =
0.01) than matched case-patients.

In the matched-pairs analysis, median length of stay
was 9.6 days for CDAD patients compared with 5.8 days
for controls, and the increased attributable length of stay
for CDAD patients was 2.8 days (Wilcoxon signed-rank
p<0.001). Among the 706 patients in the matched-pairs anal-
ysis, 445 (63%) were discharged to home and 188 (27%)
were discharged to a long-term-care facility. Only 7 (1%)
patients were discharged to an outside hospital; therefore,
these patients were combined with patients discharged to a
long-term-care facility in the analysis. CDAD patients were
significantly more likely than controls to be discharged to
a long-term-care facility or outside hospital (32% vs. 23%,
odds ratio 1.62, 95% CI 1.15-2.28, McNemar p = 0.01).

Among 290 matched-pairs with both patient and con-
trol alive at index hospitalization discharge, 148 CDAD

patients were readmitted to BJH within 180 days compared
with 92 controls, for an attributable readmission of 19.3%
(11.4%-27.2%). In the Kaplan-Meier and Cox model anal-
yses, CDAD patients were significantly more likely than
controls to be readmitted to the hospital within 180 days
(Figure 2, Table 4).

By 180 days after hospital admission, 127 CDAD
patients died compared with 107 controls, for an attribut-
able mortality of 5.7% (95% CI —1.3%—12.6%). Although
CDAD case-patients were no more likely than controls to
die within 60 days of hospital admission, a divergence in
survival between CDAD case-patients and controls began
60 days after hospital admission (Figure 3, Table 4). The
HR for death from 61-180 days was significantly higher
for CDAD patients than controls (HR 2.00, 95% CI 1.47—
2.72) (Table 4). Among 223 matched-pairs with both case-
patients and controls alive after day 60, 19.7% of CDAD
patients and 12.6% of controls died within 180 days for an
attributable mortality between 61-180 days of 7.2% (95%
CI 0.4%-14.0%).
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Figure 2. Kaplan-Meier estimates of time until hospital readmission
for matched pairs (n = 580). CDAD, Clostridium difficile—associated
disease.

Discussion

The results of this study indicate that CDAD is a ma-
jor contributor to death even in nonoutbreak settings. In this
CDAD-endemic setting, the disease was associated with a
23% higher hazard of death within 180 days after hospital
admission in the multivariable cohort analysis and a 7.2%
attributable mortality 61-180 days after hospital admission
in the matched-pairs analysis. Historically, endemic CDAD
has been reported to be associated with minimal increased
risk in mortality although NAPI strain CDAD outbreaks
have been associated with much higher attributable mortal-
ity (10,11,13). Two studies of CDAD in endemic settings
reported 1.2%—1.5% inhospital mortality rates from CDAD
(10,13). Using a multivariable Cox proportional hazards
model, Kyne et al. found no association between CDAD
and l-year mortality, although that study was quite small
(47 CDAD patients) (11). In contrast, several studies have
identified increased deaths associated with outbreaks of the
NAPI strain. Pepin et al. estimated the 1-year attributable
mortality of CDAD during an outbreak with the NAP1 strain
to be 16.7% (9). Hubert et al. reported that CDAD was the
attributable or contributive cause of death in 8.4% of patients
infected with a strain of C. difficile that had the binary toxin

and tcdC deletion (21). Loo et al. found CDAD to be the at-
tributable cause of death within 30 days in 6.9% of CDAD
patients and suspected that CDAD contributed to death in
another 7.5% of CDAD patients (12). The estimate of 6.9%
attributable mortality, however, was determined through
chart review, not through multivariable analyses, and medi-
cal chart review may not be an adequate method to determine
attributable mortality because of subjectivity (22).

Although the 5.7% 180-day attributable mortality de-
termined in the propensity score matched-pairs analysis
in our study was not statistically significant, the estimate
is substantially higher than estimates reported from other
CDAD-endemic settings. The attributable mortality we re-
port is more consistent with estimates from outbreaks of the
NAPI strain and is likely clinically significant. The NAP1
strain was first identified at BJH during 2005, but the strain
may have been present during the study period (23). During
the years 2000-2006 at BJH, there were no apparent in-
creases in hospital-onset CDAD incidence rates or severity
of CDAD (as measured by the number of colectomies per
CDAD case per year and by the percentage of patients with
CDAD who died during hospitalization) (data not shown).
Thus, the high attributable mortality found in this study has
important implications for patients: CDAD remains an im-
portant cause of patient death even in a CDAD-endemic
setting.

Our study showed that CDAD had a delayed impact
on death. In the matched-pairs analysis, the divergence in
survival between CDAD cases-patients and controls did
not begin until >60 days after hospital admission. Within
60 days of admission, survival was not significantly differ-
ent between CDAD patients and controls, when all but 4
(1%) patients had been discharged from the hospital. This
finding is consistent with those of 2 recent nested matched
case—control studies in nonoutbreak settings, in which no
significant excess deaths were reported after 30 days (24)
or at discharge (25). Although CDAD can be acutely life-
threatening, delayed death caused by CDAD may not be
easily recognized as related to the initial CDAD episode.
CDAD may contribute to a decline in patient function and
overall illness over time, ultimately leading to death in
many patients.

The results of the time-to-readmission and discharge
location analyses further emphasize the negative impact of

Table 4. Cox proportional hazards model estimates of readmission and death of matched-pairs analysis, Clostridium difficile—

associated disease (CDAD)*

Variable

CDAD case-patients, no. (%)

Controls, no. (%) Hazard ratio (95% CI)

Readmitted within 180 dt 148 (51.0)
Deaths at 180 df 127 (36.0)
Deaths at 0-60 df 72 (20.4)
Deaths at 61-180 df 55 (15.6)

92 (31.7) 2.17 (1.59-2.95)
107 (30.3) 1.22 (0.92-1.61)
75 (21.2) 0.96 (0.54-1.70)

32 (9.1) 2.00 (1.47-2.72)

*Cl, confidence interval.

tn = 290 matched pairs; 63 matched pairs were excluded because one or both patients in the pair died during the index hospital admission.

Fn = 353 matched pairs.
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Figure 3. Kaplan-Meier survival estimates for matched pairs (n =
706). CDAD, Clostridium difficile—associated disease.

CDAD. CDAD patients were more than twice as likely to
be readmitted to BJH within 180 days compared with con-
trols. This finding is consistent with our prior findings that
CDAD contributes to an increase in hospital costs extend-
ing out to at least 180 days (26). CDAD patients were also
significantly more likely to be discharged to a long-term-
care facility or outside hospital. Few data are available on
the health of CDAD patients after hospital discharge, and
future studies following CDAD patients as outpatients over
an extended period are needed.

Data on the excess length of hospital stay attributable
to CDAD are limited. Wilcox et al. found that CDAD pa-
tients stayed in the hospital, on average, 21.3 days longer
than non-CDAD patients; however, the attributable length
of stay was not calculated (14). O’Brien et al. reported that
the mean increase in hospitalization among CDAD patients
was 2.9 days (27). Kyne et al. calculated the attributable
length of stay at 3.6 days (11), which was comparable to
the attributable length of stay estimate found in our study
(2.8 days).

Our study has several limitations, including the ret-
rospective study design. Use of electronic data from the
hospital’s Medical Informatics database has limitations,
although use of these data made analysis of such a large co-
hort feasible. Differences seen in observational studies may
be due to unmeasured confounders. We attempted to ad-
dress this issue by using 2 methods to control for confound-
ing: multivariable regression analyses and propensity score
matched-pairs analyses. As evident from the Kaplan-Meier
mortality analyses, the matched-pairs population is a more
homogeneous population than the cohort. This design al-
lows more precise effect estimation because the association
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between CDAD and the propensity score variables among
the study participants is eliminated. A strength of the mul-
tivariable regression analyses is the use of all available
data in the cohort. In the propensity score matched-pairs
analyses, 37 CDAD cases were excluded because of lack
of a suitable control. Unmatched case-patients were more
severely ill than matched case-patients, and their exclusion
is a limitation of the propensity-score matched-pairs analy-
ses. In the time-to-readmission analyses, we were unable to
identify readmissions to hospitals other than our institution.
Finally, surgical patients were excluded from these analy-
ses. Because of this exclusion, the most severely ill CDAD
patients requiring colectomies (n = 3) were not represented
in the dataset. The absence of these patients, as well as the
37 unmatched case-patients, may have resulted in estimates
of attributable length of stay and death that are biased low.

Data on attributable outcomes associated with CDAD
are scarce. As previously mentioned, some data on attribut-
able mortality and length of stay exist; however, these find-
ings are limited by lack of adequate controls, small sample
size, or outbreak settings. Our study provided detailed
analysis on the effect of CDAD on time-to-readmission.
Another key strength of this study is the combination of
2 analytical methods: Cox proportional hazards regres-
sion in the primary cohort and propensity score matched-
pairs analysis. Mortality and time-to-readmission analyses,
which were conducted in both the cohort and matched-
pairs populations, had remarkably similar results. The re-
sults of this study suggest that endemic CDAD can lead to
significantly poorer patient outcomes, including increased
hospital length of stay, death, risk for admission to a long-
term-care facility, and risk for hospital readmission. Even
when the most severe CDAD cases are not considered, the
detrimental effect of CDAD on patient health appears to
extend beyond hospital discharge. Although prospective
validation of these findings is needed, proper allocation of
healthcare resources toward prevention of this infection is
necessary to prevent further illness and death attributable
to CDAD.
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Toxinotype V Clostridium difficile
In Humans and Food Animals
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Clostridium difficile is a recognized pathogen in neo-
natal pigs and may contribute to enteritis in calves. Toxino-
type V strains have been rare causes of human C. difficile—
associated disease (CDAD). We examined toxinotype V
in human disease, the genetic relationship of animal and
human toxinotype V strains, and in vitro toxin production of
these strains. From 2001 through 2006, 8 (1.3%) of 620 pa-
tient isolates were identified as toxinotype V; before 2001,
7 (<0.02%) of ~6,000 isolates were identified as toxinotype
V. Six (46.2%) of 13 case-patients for whom information
was available had community-associated CDAD. Molecular
characterization showed a high degree of similarity between
human and animal toxinotype V isolates; all contained a 39-
bp tcdC deletion and most produced binary toxin. Further
study is needed to understand the epidemiology of CDAD
caused by toxinotype V C. difficile, including the potential of
foodborne transmission to humans.

ecent evidence suggests that the epidemiology of

Clostridium difficile—associated disease (CDAD) is in-
creasing in incidence and severity (1-3). These changes are
due, at least in part, to the emergence of a more virulent C.
difficile strain, designated NAP1 (based on its pulsed-field
gel electrophoresis [PFGE] pattern), BI (by restriction en-
donuclease analysis [REA]), toxinotype III (by PCR char-
acterization of the pathogenicity locus), and 027 (by PCR
ribotyping) (4). However, the emergence of B/NAP1/027
may not be solely responsible for changes in CDAD epide-
miology, and the origin of this and other virulent strains is
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Cambridge, Massachusetts, USA; and fLoyola University Chicago
Stritch School of Medicine, Chicago

DOI: 10.3201/eid1407.071641

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 14, No. 7, July 2008

still largely unknown. C. difficile has also recently emerged
as a pathogen or commensal in food animals such as neo-
natal pigs and beef and dairy calves (5-7); most of these
animal isolates are toxigenic. Although several ribotypes
have been identified in calves, the predominant ribotype in
both calves and pigs is a toxinotype V strain (8,9). More-
over, recent reports suggest that C. difficile strains recog-
nized as causes of human disease may contaminate retail
meats (10).

To better understand whether food sources could be a
source of infection for humans, we investigated recent and
past human CDAD caused by toxinotype V C. difficile and
compared isolates from these cases with those recovered
from neonatal pigs and calves. We documented apparent
changes in the frequency with which these toxinotype V
strains cause human CDAD and compared the molecular
characterization and toxin production of these strains with
those of recent epidemic (i.e., BIINAP1/027) and nonepi-
demic isolates.

Materials and Methods

Human Case Finding and Definitions

Case finding was performed by reviewing recent and
past human isolates of interest from 2 sources. Cases were
defined as patients with clinical isolates identified as toxi-
notype V by analysis of restriction fragment length poly-
morphisms (RFLPs) of toxin-encoding genes. First, we
reviewed 620 C. difficile human isolates sent to the Centers
for Disease Control and Prevention (CDC) from healthcare
facilities and health departments in multiple states during
hospital-associated outbreaks reported from 2001 through
early 2007. Second, we reviewed a database of >6,000 iso-
lates maintained by the Hines Veterans Affairs (VA) Hospi-
tal, representing CDAD reported from multiple healthcare
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facilities from 1984 up to January 1, 2001. All toxinotype
V isolates were obtained from patients with a diagnosis of
CDAD based on clinical history (e.g., diarrhea) and a posi-
tive clinical laboratory test for C. difficile toxin (e.g., cyto-
toxin assay or enzyme immunoassay).

Isolates identified from the Hines VA Hospital data-
base were designated “past,” and isolates sent from hospi-
tals to CDC from 2001 through early 2007 were designated
“recent.” Additional clinical information was obtained for
recent case-patients from a standard reporting form com-
pleted by the original submitting institutions. The propor-
tions of past and recent isolates identified as toxinotype V
were compared with the y? test results by using SPSS ver-
sion 13.0 (SPSS, Inc., Chicago, IL, USA).

Case-patients were categorized with regard to likely
place of acquisition according to recommendations devel-
oped by the Clostridium difficile Surveillance Working
Group (11). Cases of CDAD were considered community-
associated (CA-CDAD) if symptom onset (or positive C.
difficile toxin test) occurred within <48 h after the patient
was admitted to a healthcare facility, provided that it had
been >12 weeks since the patient was last discharged from
a healthcare facility. Cases of CDAD were considered
healthcare facility—associated CDAD (HCFA-CDAD) if
the patient had symptom onset >48 h after admission to
a healthcare facility or was discharged from a healthcare
facility within the previous 4 weeks. Cases were classified
as indeterminate if symptom onset was within <48 h of a
patient’s admission to a healthcare facility and 4-12 weeks
since discharge from a previous admission. Case-patients
were considered exposed to antimicrobial agents if the pa-
tient received a dose of any antimicrobial agent within the
30 days before symptom onset.

Laboratory Methods

C. difficile isolates from humans and animals with
clinical disease were obtained from diagnostic laboratories
as previously described (4,8). Swine isolates were obtained
from neonatal pigs with CDAD in North Carolina, lowa,
Texas, Utah, Ohio, and Arizona from 1999 to 2005. Bovine
strains were isolated from January 1, 2003, through 2005,
mainly from diarrheic Holstein calves 1 day to 6 weeks
of age, originating in southern California, Arizona, New
Mexico, Nevada, Texas, and Utah and maintained in pre-
feedlot housing in calf ranches in Arizona. Domestic ani-
mal isolates were selected for study on the basis of host of
origin, date of isolation, and geographic origin, all of which
were independent. All food animal and human isolates
were typed by PFGE with Smal digestion as previously de-
scribed (12,13) and analyzed with BioNumerics software
version 4.01 (Applied Maths, Austin, TX, USA). Repeat
PFGE analysis was performed with Eagl-digested DNA
if human—food animal isolate pairs were indistinguishable
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when subjected to PFGE after digestion with Smal or when
Smal digestion yielded too few bands for analysis. REA
typing was performed, and patterns were compared as pre-
viously described (12). RFLP analysis of PCR fragments
A3 and B1, from within tcdA and tcdB, respectively, was
performed as previously described to determine toxino-
types (14).

PCR was used to detect cdtB, one of the genes encod-
ing binary toxin. Deletions in tcdC were detected by PCR
with primers tcdcl and tcdc2, as described (15).

A subset of toxinotype V animal isolates (7 bovine, 7
porcine) and 7 recent human isolates were selected for toxin
quantification. Production of toxins A and B was measured
by ELISA as previously described (1). Toxin production
was measured at 24 h, 48 h, and 72 h, and cell growth at 24
h and 48 h. Cell growth and in vitro toxin A and B produc-
tion were compared between combined animal and human
isolates of toxinotype V to human epidemic strain isolates
(i.e., B/NAP1/027; toxinotype III), and recent nonepi-
demic human strains (toxinotype 0) (1). Cell growth was
compared by using the Student t test; the Mann-Whitney
test was used to compare toxin production because toxin
production values were not normally distributed.

Fourteen human (7 recent, 7 past) and 16 animal (8
bovine, 8 porcine) toxinotype V isolates were randomly
selected for antimicrobial drug susceptibility testing. Sus-
ceptibility to clindamycin, levofloxacin, moxifloxacin, and
gatifloxacin was determined by using E-test strips (AB
Biodisk, Piscataway, NJ, USA) on Brucella agar plates with
5% sheep blood (Remel, Lenexa, KS, USA). Results were
interpreted according to Clinical and Laboratory Standards
Institute standard criteria (16). However, because no break-
points have been established for levofloxacin and gatifloxa-
cin, moxifloxacin breakpoints were used for interpretation
of these results.

Results

Human Cases

Seven past cases of human infection with toxinotype
V C. difficile were identified among the ~6,000 human
isolates in the Hines VA database; these cases occurred
over 11 years before 2001. Eight additional recent cas-
es were identified among the 620 human isolates sent
to CDC from multiple states during 2001 through April
2006. The difference in proportions of past (<0.2%) and
recent (1.3%) isolates that were toxinotype V was statisti-
cally significant (p<0.001). Three (38%) of 8 recent cases
were CA-CDAD, 7 (88%) of such patients were exposed
to antimicrobial agents, and 1 (13%) patient died from
complications attributed to CDAD (Table 1). Four recent
case-patients (50%) were male, and the median age was 71
years. Among patients for whom records were available,
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Table 1. Clinical epidemiology of human toxinotype V Clostridium difficile cases, 1989—-2006*

Origin Location Sex Age,y Antimicrobial agentst Etiology Diagnosis date Disposition
1R Pennsylvania F 75 Yes HCFA 2001 May 2 Died

2R Illinois M 54 Yes CA 2003 Jul 24 Sent home
3R lowa F 71 Yes HCFA 2004 Jul 29 Sent home
4R Texas M 56 Yes HCFA 2004 Nov 5 Sent home
5R Connecticut F 85 Yes HCFA 2004 Nov 21 Died

6 R Georgia M 72 Yes CA 2005 Feb 8 Sent home
7R Connecticut F 78 No IND 2005 Jun 18 Sent home
8R Massachusetts M 51 Yes CA 2006 Jan 20 Diedf

1P Minnesota M NA Yes HCFA 1989 Apr 26 Unknown
2P Arizona NA NA Unknown Unknown 1991 Unknown
3P Illinois M 71 Unknown CA 1995 Mar 28 Unknown
4P lllinois M 71 Yes HCFA 1995 Apr 5 Unknown
5P Belgium NA NA Unknown Unknown <1996 Unknown
6P lllinois M 73 Yes CA 1999 Sep 21 Sent home
7P Illinois M 60 Yes CA 1999 Nov 24 Sent home

*R, recent; P, past; HCFA, healthcare facility—associated; CA, community-associated; IND, indeterminate (patient with symptom onset <48 h of admission
to healthcare facility and 4-12 wks since discharge from previous admission); NA, not available.
THistory of antimicrobial drug use within 30 d before C. difficile—associated disease (CDAD) diagnosis.

$Death attributed to CDAD.

3 (60%) of 5 past cases were judged to be CA-CDAD and
4 of 4 past cases were in persons exposed to antimicrobial
agents.

Laboratory Results

All 8 recent human isolates had a 39-bp deletion in
tcdC, and 6 (75%) of 8 were binary toxin positive. All 7
past human isolates also had a 39-bp deletion in tcdC, and
7 (100%) of 7 were binary toxin positive. Thirty-three toxi-
notype V animal isolates were obtained; they displayed a
variety of PFGE patterns (Figure 1). All, however, were
binary toxin positive and had a 39-bp deletion in tcdC.
Three animal-human isolate groups had indistinguishable
PFGE patterns (100% similarity) when digestion was per-
formed with the Smal enzyme. The first group contained 1
human isolate (REA subtype BK1) that was indistinguish-
able by PFGE (NAP7) from 1 porcine isolate (REA sub-
type BK13). The second group consisted of 5 human and
2 porcine isolates, all of which were designated NAP7 by
PFGE, although REA demonstrated 4 different subtypes.
The third group contained 1 human isolate and 2 porcine
isolates, which were indistinguishable by PFGE and REA
(NAP8 and BK6). The 9 isolates in groups 1 and 2 were
only 80% similar when digestion was performed with Eagl.
However, the isolates in the third group were 95% similar,
and 1 porcine isolate was indistinguishable (100% similar-
ity) from 1 human isolate, even after digestion with Eagl.

Median toxin A and B production in the 21 toxino-
type V isolates analyzed (7 bovine, 7 porcine, 7 of 8 recent
human) was greater than that by nonepidemic toxinotype
0 isolates but less than that by epidemic toxinotype III
isolates at all time points measured (Figure 2). The mean
absorbance measurements at 600 nm, representing cell
density, were measured at 24 h and 48 h and were not sig-
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nificantly different for toxinotype V isolates (1.56 and 1.06,
respectively) than for toxinotype 0 isolates (1.77 and 1.39)
or toxinotype III isolates (2.07 and 1.64).

Antimicrobial drug susceptibility testing was per-
formed on 14 of 15 human and 16 of 33 animal toxino-
type V isolates (Table 2). Resistance rates were similar
overall in human and animal toxinotype V isolates except
that more bovine isolates (88%) were susceptible to clin-
damycin than were porcine (0%, p<0.01) or human isolates
(9%, p<0.01). All human and animal toxinotype V isolates
(multiple strains by REA and PFGE) were susceptible to
gatifloxacin and moxifloxacin, which differed markedly
from human toxinotype III (BI/NAP1/027) and toxinotype
0 isolates (multiple strains by REA and PFGE).

Discussion

In a review of recent and past isolates, we identified
several human cases of CDAD caused by toxinotype V
strains of C. difficile, which has been reported as a cause of
epidemic disease in neonatal pigs and colonization in calves
during the past decade (9,17,18). Moreover, different rates
of occurrence in these temporally divergent populations
suggest that toxinotype V may be an increasing cause of
human CDAD, relative to other strains. The toxinotype V
animal isolates included in our study have been previously
identified as PCR ribotype 078, the most prevalent ribotype
among calves and pigs, accounting for 94% (bovine) and
83% (swine) of isolates tested from multiple geographic
regions (8). Food animal isolates we tested shared a high
degree of similarity with human isolates, with 2 instances
of animal-human isolate pairs appearing indistinguishable
by REA or PFGE subtyping. In addition, all animal and
human isolates displayed 39-bp deletions in tcdC, and most
(45/47; 96%) were binary toxin positive.
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Human BK2
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Figure 1. A). Dendrogram analysis of toxinotype V Clostridium difficile
human and animal isolates using pulsed field gel electrophoresis
(PFGE); Smal restriction digest. Three animal-human isolate
groups had indistinguishable PFGE patterns (2 NAP7 and 1 NAP8
group). Three of the NAP8 isolates (2005071, 2005093, 2005524)
had identical REA types (BK6) as well. *PCR type unavailable. B)
Dendrogram analysis using PFGE; Eagl restriction digest. One
human—pig pair (2005071 and 2005514) had identical PFGE
patterns by both Eagl and Smal as well as identical REA patterns
(BK6). Digestion of bovine isolates with Eagl yielded results that
were not interpretable and were not included in this figure.

Although C. difficile is recognized as a cause of dis-
ease in several animal species (19-22), little investiga-
tion has been conducted on the potential for interspecies
transmission of C. difficile to humans. Previous studies
have suggested the possibility of C. difficile transmission
between humans and domestic pets (23,24), but no inter-
species transmission has been documented, and few studies
have examined the possible link between CDAD in food
animals and humans. Identification of the same variant
toxinotype strain as responsible for both human and animal
disease in our study suggests at least 3 possible causes for
human toxinotype V CDAD: 1) exposure of humans and
animals to a common environmental source of C. difficile,
2) human disease caused by transmission by means of di-
rect or indirect (e.g., through contaminated produce, water,
or the environment) contact with infected live animals, and
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3) human disease linked to consumption of products from
food-producing animals. Both the genetic similarity of the
human and animal isolates in our study and the apparent
increasing importance of toxinotype V isolates in human
CDAD after their emergence in animals may suggest food-
borne or other forms of animal-to-human transmission.

In contrast to HCFA-CDAD, where patient-to-patient
transmission of C. difficile is more likely, animal contact
is a more plausible means of transmission for CA-CDAD.
Our results suggest that toxinotype V C. difficile may be a
relatively common cause of community-associated disease.
Our results suggest that toxinotype V C. difficile may be a
relatively common cause of community-associated disease.
Despite evidence that only 20% of all human CDAD cases
are community-associated (25,26), 6 (46%) of 13 human
toxinotype V cases in our study were identified as CA-
CDAD. The high prevalence of CA-CDAD among toxi-
notype V cases we found is consistent with other studies
that have identified variant toxinotypes more frequently in
CA-CDAD than in HCFA-CDAD (27,28).

Toxinotype V strains may also be increasing as a
cause of human CDAD since the emergence or recognition
of epidemic toxinotype V disease in animals. In the past,
reported frequencies of human strains with variant toxino-
types ranged from 6.4% to 13.4% of all C. difficile isolates
collected (29-33), and toxinotype V strains contributed
few cases to these frequency studies. However, a recent
preliminary report from an Italian hospital indicated an
upsurge in the proportion of binary toxin—positive C. dif-
ficile strains responsible for healthcare-associated disease
in 2002 and 2003; most of these strains were toxinotype
V (34). Toxinotype V appears to be an important cause of
CDAD in food-producing pigs in parts of Europe, just as it
is in North America (35).

The epidemiology of human CDAD has been affected
by recent increases in the incidence and severity of disease.
These changes have been largely attributed to the emer-
gence of the BI/NAP1/027 C. difficile strain which, like the
toxinotype V strains described here, is a toxin gene variant
(i.e., toxinotype III) with an 18-bp deletion in tcdC (rather
than the 39-bp deletion observed in toxinotype V strains)
and with genes that encode binary toxin (4). In addition
to this 18-bp deletion, and perhaps more importantly, BI/
NAP1/027 has an upstream single nucleotide deletion at
nucleotide position 117 (A117), leading to a reading frame-
shift and early termination of protein translation (27).

Current literature suggests that this considerable trun-
cation of TcdC may impair its negative regulatory function
and contribute to the increased toxin production observed
in BI/NAP1/027 strains (27,36). Molecular analysis of toxi-
notype V C. difficile has demonstrated a similarly truncated
TedC (61 aa compared with 65 aa in BI/NAP1/027 strains
and 232 aa in wild-type TcdC) (15), which may imply
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Figure 2. In vitro toxin production
of toxinotype V Clostridium difficile
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hypervirulence for this strain as well. In contrast, isolates
most commonly found in US hospitals before 2001 were
toxinotype 0, had no polymorphisms in tcdC, and were bi-
nary toxin negative (37). Some of the increased virulence
of BI/NAP1/027 may be due to its documented increased
toxin A and B production in vitro (1). Although we did not
find toxin production in toxinotype V isolates similar to BI/
NAP1/027 levels, they did produce more toxin than non-
epidemic toxinotype 0 isolates at all time points. Further-
more, the range of toxin A and B levels in our toxinotype V
isolates was wide, and a minority produced toxin at similar
or greater levels than BI/NAP1/027 strains.

This study is subject to the following limitations. First,
the number of toxinotype V isolates examined was small
and may not be wholly representative of this strain as it
manifests in human or animal disease. Furthermore, re-
cent isolates were collected from institutions that reported
healthcare-associated outbreaks of CDAD, and clinical

information describing patients from whom specimens
were obtained may therefore overestimate disease severity.
Moreover, since recent isolates were obtained from health-
care facilities that were experiencing CDAD outbreaks,
they may represent a different population of patients than
the past isolates, which were obtained from a variety of
sources, some of which were ongoing clinical surveillance
projects and some of which were outbreak investigations.
The 2 source populations, however, can be considered rea-
sonably similar in that both represent primarily hospital-
ized patients. If, however, the recent database contains a
substantially greater proportion of outbreak-related isolates
than the past collection, this would only strengthen the evi-
dence for the recent emergence of toxinotype V. CDAD.
Since outbreaks of CDAD are largely associated with the
epidemic, toxinotype III strain of C. difficile (4), relatively
few toxinotype V isolates should be present in a recent data-
base composed of outbreak-related isolates. The increased

Table 2. Antimicrobial drug susceptibility of toxinotype V Clostridium difficile isolates, 1989-2006*

Clindamycin Levofloxacint Moxifloxacin Gatifloxacint

Source N S IIR Range S IIR Range S Range S Range
Human 14 2 (14) 12 (86) 2—>256 6 (43) 8 (57) 2->32 14 (100) 0.5-1 14 (100) 0.5-1

Recent 7 2 (29) 5(71) 2—>256 0 7 (100) >32 7 (100) 0.5 7 (100) 0.5-1

Past 7 0 7 (100) 4->256 7 (100) 0 2-4 7 (100) 0.5-1 7 (100) 0.5-1
Porcine 8 0 8 (100) 4-—>256 2 (25) 6 (75) 2—>32 8 (100) 0.5-1 8 (100) 0.5-1
Bovine 8 7 (88) 1(12) 1-4 8 (100) 0 2-4 8 (100) 0.5 8 (100) 0.5
*No. (%) Clostidium difficile isolates shown in each interpretive category. S, susceptible; I/R, intermediate or resistant.
TUsing moxifloxacin interpretive criteria.
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prevalence of toxinotype V in recent isolates compared
with past ones may therefore represent an underestimate of
the true prevalence of toxinotype V C. difficile.

Additionally, little is known about the types of C. dif-
ficile that cause disease in animals, which makes it impos-
sible to determine whether the current toxinotype V strains
are new or simply newly recognized. Finally, information
about human cases is limited, particularly with respect to
possible routes for community acquisition of disease; thus,
evidence upon which to base conclusions regarding inter-
species transmission is limited.

Although relatively common in animal CDAD, toxino-
type V is currently an uncommon cause of human illness,
which may occur more frequently among persons without
traditional risk factors associated with CDAD, such as re-
cent exposure to a healthcare setting. In vitro toxin produc-
tion results from our limited sample suggest that toxinotype
V strains have the potential to cause increased severity of
human disease, although further studies are needed to cor-
roborate this association. Although they share similar clini-
cal features, evidence suggests that the predominant strains
causing CDAD in humans and different animal species are
distinct (8,38). Nonetheless, our finding of similarity be-
tween relatively widespread animal strains of C. difficile
and strains responsible for occasional human disease raises
the possibility of interspecies transmission. Further studies
are needed to understand the etiology of CDAD caused by
toxinotype V C. difficile and the mechanisms of transmis-
sion between animals and humans, including the role of the
food supply.

Dr Jhung is a medical epidemiologist in the Division of
Healthcare Quality Promotion at CDC. His primary interests in-
clude the epidemiology of healthcare-associated infections, out-
break investigations, infection control in resource-limited settings,
and the public health response to disasters and emergencies.

References

1. Warny M, Pepin J, Fang A, Killgore G, Thompson A, Brazier J, et
al. Toxin production by an emerging strain of Clostridium difficile
associated with outbreaks of severe disease in North America and
Europe. Lancet. 2005;366:1079-84. DOI: 10.1016/S0140-6736
(05)67420-X

2. Kuijper EJ, Coignard B, Tull P. Emergence of Clostridium dif-
ficile—associated disease in North America and Europe. Clin Mi-
crobiol Infect. 2006;12(Suppl 6):2—18. DOI: 10.1111/j.1469-0691
.2006.01580.x

3. Sunenshine RH, McDonald LC. Clostridium difficile-associated
disease: new challenges from an established pathogen. Cleve Clin J
Med. 2006;73:187-97.

4. McDonald LC, Killgore GE, Thompson A, Owens RC Jr, Kaza-
kova SV, Sambol SP, et al. An epidemic, toxin gene-variant strain
of Clostridium difficile. N Engl J Med. 2005;353:2433-41. DOI:
10.1056/NEJMo0a051590

1044

20.

21.

22.

Songer JG, Post KW, Larson DJ, Jost BH, Glock RD. Enteric infec-
tion of neonatal swine with Clostridium difficile. Journal of Swine
Health and Production. 2000;8:185-9.

Songer JG, Post KW, Larson DJ, Jost BH, Glock RD. Clostridium
difficile as a cause of porcine neonatal enteritis. Birmingham (AL):
American Association of Veterinary Laboratory Diagnosticians;
2000.

Post KW, Songer JG, Jost BH, Glock RD, Holtcamp A. The emer-
gence of Clostridium difficile as a cause of porcine neonatal enteritis.
Nashville (TN): American Association of Swine Veterinarians; 2001.
Keel K, Brazier JS, Post KW, Weese S, Songer JG. Prevalence
of PCR ribotypes among Clostridium difficile isolates from pigs,
calves, and other species. J Clin Microbiol. 2007;45:1963—4. DOI:
10.1128/JCM.00224-07

Rodriguez-Palacios A, Staempfli HR, Duffield T, Weese JS.
Clostridium difficile in retail ground meat, Canada. Emerg Infect
Dis. 2007;13:485-7.

Rodriguez-Palacios A, Staempfli HR, Duffield T, Peregrine AS,
Trotz-Williams LA, Arroyo LG, et al. Clostridium difficile PCR ri-
botypes in calves, Canada. Emerg Infect Dis. 2006;12:1730-6.
McDonald LC, Coignard B, Dubberke E, Song X, Horan T, Kutty
PK. Recommendations for surveillance of Clostridium difficile—
associated disease. Infect Control Hosp Epidemiol. 2007;28:140-5.
DOI: 10.1086/511798

Clabots CR, Johnson S, Bettin KM, Mathie PA, Mulligan ME,
Schaberg DR, et al. Development of a rapid and efficient restric-
tion endonuclease analysis typing system for Clostridium dif-
ficile and correlation with other typing systems. J Clin Microbiol.
1993;31:1870-5.

Klaassen CH, van Haren HA, Horrevorts AM. Molecular fingerprint-
ing of Clostridium difficile isolates: pulsed-field gel electrophoresis
versus amplified fragment length polymorphism. J Clin Microbiol.
2002;40:101-4. DOI: 10.1128/JCM.40.1.101-104.2002

Rupnik M, Avesani V, Janc M, von Eichel-Streiber C, Delmee M.
A novel toxinotyping scheme and correlation of toxinotypes with
serogroups of Clostridium difficile isolates. J Clin Microbiol.
1998;36:2240-7.

Spigaglia P, Mastrantonio P. Molecular analysis of the pathogenicity
locus and polymorphism in the putative negative regulator of toxin
production (TcdC) among Clostridium difficile clinical isolates. J
Clin Microbiol. 2002;40:3470-5. DOI: 10.1128/JCM.40.9.3470-
3475.2002

National Committee for Clinical Laboratory Standards. Methods of
antimicrobial susceptibility testing of anaerobic bacteria. 6th ed. Ap-
proved standard M11-A6. Villanova (PA): The Committee; 2004.
Songer JG, Anderson MA. Clostridium difficile: an important
pathogen of food animals. Anaerobe. 2006;12:1-4. DOI: 10.1016/j.
anaerobe.2005.09.001

Songer JG. The emergence of Clostridium difficile as a pathogen of
food animals. Anim Health Res Rev. 2004;5:321-6. DOI: 10.1079/
AHR200492

Frazier KS, Herron AJ, Hines ME II, Gaskin JM, Altman NH.
Diagnosis of enteritis and enterotoxemia due to Clostridium dif-
ficile in captive ostriches (Struthio camelus). J Vet Diagn Invest.
1993;5:623-5.

Marks SL, Kather EJ, Kass PH, Melli AC. Genotypic and phenotypic
characterization of Clostridium perfringens and Clostridium difficile
in diarrheic and healthy dogs. J Vet Intern Med. 2002;16:533-40.
DOI: 10.1892/0891-6640(2002)016<0533:GAPCOP>2.3.CO;2
Weese JS, Weese HE, Bourdeau TL, Staempfli HR. Suspected
Clostridium difficile—associated diarrhea in two cats. J Am Vet Med
Assoc. 2001;218:1436-9, 1421.

Weese JS, Staempfli HR, Prescott JF. A prospective study of the
roles of Clostridium difficile and enterotoxigenic Clostridium per-
fringens in equine diarrhoea. Equine Vet J. 2001;33:403-9. DOI:
10.2746/042516401776249534

Emerging Infectious Diseases ¢ www.cdc.gov/eid ¢ Vol. 14, No. 7, July 2008



23.

24.

25.

26.

217.

28.

29.

30.

31.

O’Neill G, Adams JE, Bowman RA, Riley TV. A molecular charac-
terization of Clostridium difficile isolates from humans, animals and
their environments. Epidemiol Infect. 1993;111:257-64.

Lefebvre SL, Arroyo LG, Weese JS. Epidemic Clostridium difficile
strain in hospital visitation dog. Emerg Infect Dis. 2006;12:1036-7.
Kutty PK, Benoit SR, Woods CW, Sena AC, Naggie S, Frederick J,
et al. Assessment of Clostridium difficile—associated disease surveil-
lance definitions, North Carolina, 2005. Infect Control Hosp Epide-
miol. 2008;29:197-202. DOI: 10.1086/528813

Noren T, Akerlund T, Back E, Sjoberg L, Persson I, Alriksson I,
et al. Molecular epidemiology of hospital-associated and commu-
nity-acquired Clostridium difficile infection in a Swedish county. J
Clin Microbiol. 2004;42:3635-43. DOI: 10.1128/JCM.42.8.3635-
3643.2004

MacCannell DR, Louie TJ, Gregson DB, Laverdiere M, Labbe AC,
Laing F, et al. Molecular analysis of Clostridium difficile PCR ribo-
type 027 isolates from Eastern and Western Canada. J Clin Micro-
biol. 2006;44:2147-52. DOI: 10.1128/JCM.02563-05

Limbago B, Long CM, Thompson AD, Killgore GE, Hannett G,
Havill N, et al. Isolation and characterization of Clostridium difficile
responsible for community-associated disease. International Meet-
ing of the American Society for Microbiology; 2007 May 21-25;
Toronto, Ontario, Canada.

Barbut F, Gariazzo B, Bonne L, Lalande V, Burghoffer B, Luiuz R,
et al. Clinical features of Clostridium difficile—associated infections
and molecular characterization of strains: results of a retrospective
study, 2000-2004. Infect Control Hosp Epidemiol. 2007;28:131-9.
DOI: 10.1086/511794

Geric B, Rupnik M, Gerding DN, Grabnar M, Johnson S. Distri-
bution of Clostridium difficile variant toxinotypes and strains with
binary toxin genes among clinical isolates in an American hospital. J
Med Microbiol. 2004;53:887-94. DOI: 10.1099/jmm.0.45610-0
Rupnik M, Kato N, Grabnar M, Kato H. New types of toxin A-
negative, toxin B-positive strains among Clostridium difficile iso-
lates from Asia. J Clin Microbiol. 2003;41:1118-25. DOI: 10.1128/
JCM.41.3.1118-1125.2003

32.

33.

34.

35.

36.

37.

38.

Toxinotype V Clostridium difficile

Stubbs S, Rupnik M, Gibert M, Brazier J, Duerden B, Popoff
M. Production of actin-specific ADP-ribosyltransferase (binary
toxin) by strains of Clostridium difficile. FEMS Microbiol Lett.
2000;186:307—12. DOI: 10.1111/j.1574-6968.2000.tb09122.x
Pituch H, Kreft D, Obuch-Woszczatynski P, Wultanska D, Meisel-
Mikolajezyk F, Luczak M, et al. Clonal spread of a Clostridium
difficile strain with a complete set of toxin A, toxin B, and binary
toxin genes among Polish patients with Clostridium difficile—asso-
ciated diarrhea. J Clin Microbiol. 2005;43:472-5. DOI: 10.1128/
JCM.43.1.472-475.2005

Buttrini M, Spigaglia P, Somenzi P, Zerbini L, Dettori G, Chezzi
C, et al. Epidemiology of Clostridium difficile strains with binary-
toxin genes among clinical isolates in an Italian hospital. 2nd Inter-
national Clostridium difficile Symposium; 2007 June 6-9; Maribor,
Slovenia.

Pirs T, Avbersek J, Ocepek M, Rupnik M. Isolation of Clostridium
difficile from food animals in Slovenia. 2nd International Clostridi-
um difficile Symposium; 2007 June 6-9; Maribor, Slovenia.

Curry SR, Marsh JW, Muto CA, O’Leary MM, Pasculle AW, Har-
rison LH. tcdC genotypes associated with severe TedC truncation in
an epidemic clone and other strains of Clostridium difficile. J Clin
Microbiol. 2007;45:215-21. DOI: 10.1128/JCM.01599-06
McFarland LV, Beneda HW, Clarridge JE, Raugi GJ. Implications
of the changing face of Clostridium difficile disease for health care
practitioners. Am J Infect Control. 2007;35:237-53. DOL: 10.1016/j.
jic.2006.06.004

Arroyo LG, Kruth SA, Willey BM, Staempfli HR, Low DE, Weese
JS. PCR ribotyping of Clostridium difficile isolates originating from
human and animal sources. J] Med Microbiol. 2005;54:163—-6. DOI:
10.1099/jmm.0.45805-0

Address for correspondence: Michael A. Jhung, Centers for Disease
Control and Prevention, 1600 Clifton Rd NE, Mailstop A31, Atlanta, GA
30333, USA; email: mjhung@cdc.gov

Sapovirus

[Sap’ 0-vi" ros]

Sapovirus, formerly Sapporo-like virus after Sapporo, Japan, where first recognized during an outbreak in an
orphanage in 1977. A genus of viruses of the family Caliciviridae, they cause self-limited, acute foodborne
gastroenteritis. Morphologically similar viruses were detected in a subsequent series of outbreaks in the same
institution between 1977 and 1982. Sapoviruses play an important role in outbreaks of gastroenteritis in infants and

have recently been found to infect adults.

Source: Dorland’s illustrated medical dictionary, 31st ed. Philadelphia: Saunders/Elsevier; 2007; Chiba S, Nakata S, Numata-
Kinoshita K, Honma S. Sapporo virus: history and recent findings. J Infect Dis. 2000;181(Suppl 2):S303-8.
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In 2002, we investigated a cluster of patients with Al-
caligenes xylosoxidans bloodstream infections by conduct-
ing a matched case—control study and a prospective study.
Pulsed-field gel electrophoresis (PFGE) was performed on
blood culture isolates, and 1 explanted central venous cath-
eter (CVC) was tested for biofilm. We identified 12 cases of
A. xylosoxidans bloodstream infection. Case-patients were
more likely than controls to have had a CVC (7/7 [100%)]
vs 4/47 [8.7%], respectively; p<0.0001). Ten case isolates
were indistinguishable by PFGE analysis, and A. xylosoxi-
dans biofilm from the CVC matched the outbreak strain. We
observed multiple breaches in infection control, which may
have caused contamination of multidose vials used to flush
the CVCs. Our study links A. xylosoxidans with CVC biofilm
and highlights areas for regulation and oversight in outpa-
tient settings.

*Los Angeles County Department of Public Health, Los Angeles,
California, USA; and tCenters for Disease Control and Prevention,
Atlanta, Georgia, USA
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Icaligenes xylosoxidans, also known as Achromobacter

xylosoxidans, is a gram-negative, water-borne organ-
ism that causes healthcare-associated infections (1-7)
and bacteremia in immunocompromised patients with in-
dwelling catheters (6-11); it can also contaminate liquids
(2,5,12-14). A. xylosoxidans is found in soil and water and
grows in saline (15,16). On January 16, 2002, the Acute
Communicable Disease Control (ACDC) program of the
Los Angeles County Department of Public Health was no-
tified by a local hospital epidemiologist about a cluster of
patients with A. xylosoxidans bloodstream infections (17).
The patients had been admitted to Hospital A over a period
of 2 months.

To confirm the presence of an outbreak, ACDC con-
ducted a telephone survey, which asked the microbiology
laboratories of Hospital A and 4 surrounding hospitals for
a list of all patients who had had positive blood cultures
for A. xylosoxidans in the past 3 months. One laboratory
identified 3 such patients, and Hospital A laboratory iden-
tified 7; all 9 patients (1 case-patient had positive blood
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cultures reported from both laboratories) were associated
with a single outpatient oncology office, Office B. The oth-
er 3 hospitals reported that they had not identified any A.
xylosoxidans bloodstream infections in the past 3 months.
To identify the source of the outbreak and risk factors for
infection and to implement control measures, ACDC then
initiated an outbreak investigation.

Methods

The outbreak investigation focused on Office B. To
identify all patients associated with Office B who had had a
positive A. xylosoxidans culture, we requested a review of
medical records and laboratory reports.

Matched Case—Control Study

A matched case—control study was performed to deter-
mine risk factors for infection. A case-patient was defined
as a patient of Office B who had a positive A. xylosoxidans
blood culture from November 2001 through January 2002.
Controls were defined as patients who had no symptoms or
signs of bloodstream infection (fever, chills, rigors, myalgias,
nausea, vomiting, weakness, or hypotension). For each case-
patient, 5-7 controls were randomly selected and matched
by the closest date of their visits to Office B to the case-
patient’s date of visit. Variables included age, sex, underly-
ing diagnosis, intravenous medications received, peripheral
white blood cell counts, presence and type of central venous
catheter (CVC), clinic visits, hospitalization dates, symp-
toms, and types of invasive procedures. Data were collected
on standardized forms and analyzed by using Epi Info 2000
version 1.1.2 (Centers for Disease Control and Prevention
[CDC], Atlanta, GA, USA); odds ratios were used to esti-
mate risk, t tests were performed for continuous variables,
and p<0.05 indicated statistical significance.

Prospective Cohort Study

To identify possible A. xylosoxidans bloodstream in-
fection, ACDC conducted prospective blood culture sur-
veillance. On February 15, 2002, all patients with a CVC
who had visited Office B since November 2001 were sent a
letter requesting them to have a culture performed on blood
drawn through the CVC. CVCs were removed from those
whose culture results were positive.

Environmental Investigation

On January 17, 2002, numerous open containers (mul-
tidose 30-mL vials of heparin; 100-mL and 150-mL bottles
of saline; and containers of alcohol, hydrogen peroxide,
betadine, and iodine) were collected and sent to the Los
Angeles County Public Health Laboratory for analysis. On
February 15, 2002, environmental samples and swabs were
collected for culture from work surfaces (e.g., countertops,
sinks, hoods, kitchens) and from tap water and hands of
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healthcare workers who accessed CVCs, collected blood,
prepared flushes, or administered chemotherapy.

Infection Control

During January and February 2002, we made several
site visits to Office B to observe procedures, review medi-
cal records, and interview the office staff. Specifically, we
observed procedures for preparation and administration of
intravenous medications and asked office staff about level
of technical training, experience, and license status.

Molecular Studies

Blood isolates of A. xylosoxidans from case-patients
were obtained from Hospital A’s laboratory. For compari-
son, all A. xylosoxidans isolated from patients from Los
Angeles County in the past 6 months were obtained from
a large local reference laboratory. Pulsed-field gel electro-
phoresis (PFGE) was performed at the Los Angeles County
Public Health Laboratory by using standard methods (18)
for Salmonella spp. with the exception that isolates were
digested with Xbal and Spel. PFGE pattern comparisons
were performed visually by using criteria established by
Tenover et al. (19).

Examination of CVC for Biofilm

A CVC (PASport, a single-lumen, 6 French catheter
with an under-the-skin titanium port; SIMS Deltec, Inc., St.
Paul, MN, USA) was surgically removed from an asymp-
tomatic patient identified in the prospective cohort study.
Aseptic methods were used. The distal lumen opening was
clamped with a sterile hemostat to retain the liquid within
the lumen, and the catheter was placed in a sealed, sterile
container and shipped overnight to CDC in Atlanta for pro-
cessing within 24 hours of collection. At CDC, the CVC
was placed into a Class II Biological Safety Cabinet, and
a 1-cm segment was removed with a sterile scalpel. This
segment was cut lengthwise to expose the lumen, and the
individual pieces were placed into 5% glutaraldehyde (Ted
Pella, Redding, CA, USA) in 0.67 M cacodylate buffer, pH
6.2, and processed for scanning electron microscopy (20).
Samples were examined by using a Philips XL 20 Scan-
ning Electron Microscope (FEI Company, a subsidiary
of Philips, Hillsboro, OR, USA). The remaining catheter
attached to the titanium port was clamped, and the outer
surface was cleaned with a 70% alcohol wipe, disinfected,
and processed to recover biofilm organisms (20). The re-
covered organisms were plated on trypticase soy agar con-
taining 5% sheep blood (blood agar; Becton, Dickinson,
Sparks, MD, USA). Plates were incubated for up to 72 h at
35°C and then examined. Colonies were spread onto blood
agar for subculture and identified by using standard clini-
cal microbiologic methods (21). Biofilm isolates were also
characterized by PFGE (methods described above).

1047



RESEARCH

Results

A total of 12 patients with A. xylosoxidans blood-
stream infection were found: 9 from the retrospective
case—control study and 3 from the prospective study
(Table). All 12 were immunocompromised. Their ages
ranged from 41 to 79 years (mean 65.8 years), and 10
(83.3%) were female. Case-patients had differing un-
derlying diagnoses and chemotherapy regimens. Case-
patients had had fevers, chills, and/or rigors within min-
utes to days after an infusion through their CVC. Several
case-patients had multiple episodes of fever and chills
during and immediately after visits to Office B when their
CVC was accessed for blood collection, chemotherapy,
or routine flushes. For some, these symptoms were attrib-
uted to possible side effects of chemotherapy. All case-
patients had visited Office B from November 12 through
December 18, 2001. Case-patient 1 was hospitalized from
October 12 through November 10, 2001, and had visited
Office B for daily collection to monitor neutropenia from
November 13 through 19, 2001. Patients with A. xylosoxi-
dans bloodstream infection were treated with antimicro-
bial drugs and CVC removal. Available records showed
case-patients were treated with piperacillin/tazobactam;
1 case-patient who was allergic to penicillin was treated
with aztreonam. One patient died from underlying malig-
nancy (end-stage pancreatic cancer).

Matched Case—Control Study

Of the 9 case-patients identified, 7 who had clear onset
date of bloodstream infection symptoms were selected for
the case—control study. Case-patients were younger than
controls (mean age 63.5 years [range 41-73 years] and
mean age 73.2 years [range 35-89 years], respectively; p
= 0.047). Case-patients were significantly more likely to
have a CVC than controls. Matched case—control analysis
showed that all 7 case-patients versus 4 of 47 control pa-
tients had a CVC at the time of illness onset (p<0.0001).
The 2 other case-patients not included in the case—control
study also had CVCs. Patients with CVCs received hepa-
rin and saline flushes before and after the CVC was used
for blood collection or infusions. No records documented
when each of the Office B nurses accessed the CVCs. Pa-
tients without CVCs who needed only blood collection for
testing did not receive any flushes; however, those without
CVCs who needed blood tests before receiving an infusion
received a heparin and saline flush after a peripheral in-
travenous line was placed. Case-patients and controls did
not have statistically significant differences in peripheral
leukocyte counts, intravenous medications administered,
types of chemotherapy received, or underlying diseases.

Prospective Cohort Study
In February 2002, 29 patients with CVCs had blood
collected for culture. Of the 3 (10%) who had positive cul-

Table. Characteristics of 12 case-patients with bacteremia caused by Alcaligenes xylosoxidans*

Case-patient Date of CVC Date of blood
no. Age,y  Sex Underlying disease flush Date of onset, symptomst collectiont
Case—control study
1 70 F Acute myelogenous 2001 Nov 19 2001 Nov 19, rigors after flush 2001 Nov 19
leukemia
2 65 F Breast cancer 2001 Dec 5 2001 Dec 5, no chart record of 2001 Dec 6
symptoms after flush, blood culture
obtained next day
3 73 F Colon cancer 2001 Dec 7 2001 Dec 7, fever after flush 2001 Dec 7
4 41 F Sickle cell disease 2001 Dec 4 2001 Dec 11, myalgias, emesis 2001 Dec 11
5 73 F Gastric cancer Unknown Unknown 2001 Dec 13
6 71 M Colon cancer 2001 Dec18 2001 Dec 19, fever, chills 2001 Dec 20
7 79 F Pancreatic cancer Unknown Unknown 2001 Dec 30
8 45 F Breast cancer 2002 Jan 10 2002 Jan 10, no chart record of 2001 Jan 10
symptoms after flush, blood culture
obtained next day
9 70 F Non-Hodgkin 2002 Jan 10 2002 Jan 10, hypotension after 2002 Jan 11
lymphoma infusion
Prospective study
10 e F Squamous cell cancer NA 2001 Nov/Dec, intermittent nausea 2002 Jan 29
of palate and weakness
11 77 M Gastric cancer NA 2001 Nov/Dec, intermittent fever, 2002 Feb 7
chills after flushes, not reported to
Office B staff
12 49 F Non-Hodgkin NA Asymptomatic 2002 Feb 5
lymphoma

*CVC, central venous catheter; NA, not applicable.
1Signs and symptoms of bloodstream infection.

FCollection of blood that had subsequent positive culture result for A. xylosoxidans.

1048

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 14, No. 7, July 2008



ture results for A. xylosoxidans, chart review showed that 2
had been intermittently symptomatic (Table).

Environmental Investigation

Cultures from available open solutions in the oncol-
ogy office, collected 6 weeks after the initial cluster of A.
xylosoxidans—positive blood cultures, and environmental
cultures did not grow A. xylosoxidans. A sample from a
sterile saline bottle that was open in the infusion room was
positive for Bacillus circulans, and a tap water sample was
positive for Moraxella spp.

Infection Control Practices and Procedures

Office B had 10 patient examination rooms and a sepa-
rate, large, open infusion room where several patients could
receive chemotherapy. The infusion room contained a hood
and sink for preparation of intravenous medication. Of the 4
staff members at Office B who regularly accessed CVCs; in-
serted peripheral intravenous catheters; collected blood; and
prepared or administered chemotherapy, flushes, or intrave-
nous medications, only 1 was a registered nurse who had
a California state license. The 3 nonlicensed staff members
were reported to have received nursing training in their na-
tive country but did not have documented formal training
or education. One nurse wore artificial fingernails but had
removed them before hand culture samples were collected;
thus, the fingernails were unavailable for culture. The fol-
lowing breaches in infection control were noted: intrave-
nous catheters were inserted by persons not wearing gloves;
unlabeled, prefilled syringes were stored in the hood; no
documentation of hood cleaning was found; open, multidose
heparin vials and saline bottles, some undated, were found
throughout the facility; nonhygienic material was stored in
the chemotherapy medication preparation hood; and failure
to wash hands between patients was noted. No pharmacists
were employed at Office B. No documentation of staff train-
ing and evaluation for chemotherapy preparation or infection
control competency was available.

CVC Biofilm Studies

Scanning electron microscopy of the CVC showed a
biofilm that contained rod-shaped bacteria in association
with fibrinlike material on the catheter surface (Figure 1).
A pure bacterial culture recovered from the CVC lumen
was identified as A. xylosoxidans.

Molecular Studies

A. xylosoxidans blood culture isolates from case-pa-
tients were indistinguishable by PFGE analysis (Figure 2);
in contrast, 3 A. xylosoxidans isolates from a local refer-
ence laboratory had different PFGE patterns. The isolate
from the CVC biofilm matched the A. xylosoxidans blood-
stream infection outbreak strain.
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Figure 1. Scanning electron micrograph of lumen of segment of
central venous catheter removed from an asymptomatic patient.
Biofilm contains rod-shaped bacteria (Alcaligenes xylosoxidans) in
association with fibrinlike material on the catheter surface.

Discussion

This large outbreak (N = 12) of A. xylosoxidans blood-
stream infections was caused by 1 strain, which was also iso-
lated from CVC biofilm. Symptoms of bloodstream infection
probably occurred when flushes detached bacteria from the
CVC biofilm. The prospective study found that 3 (10%) of
29 patients had A. xylosoxidans—positive blood cultures. Our
case—control and prospective studies support the association
of A. xylosoxidans bloodstream infection and CVCs, and our
molecular biologic studies confirm A. xylosoxidans biofilm
of the same outbreak strain on a CVC. A. xylosoxidans out-
breaks reported to date have been associated with healthcare

0 11

12 13 14 15

Figure 2. Pulsed-field gel electrophoresis of isolates from patients
with Alcaligenes xylosoxidans bloodstream infection. Lane 1,
laboratory standard; lanes 2 and 6, community strains of A.
xylosoxidans; lanes 3-5 and 7-13, outbreak strains; lane 14,
central venous catheter (CVC) port biofilm outbreak strain; lane 15,
CVC port outbreak stain.
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and contamination of hospital products (1,2,5,12-14), but
none occurred in an outpatient setting.

The cause of this outbreak most likely was the use of
contaminated multidose vials of heparin or saline flushes,
leading to the formation of an A. xylosoxidans biofilm on
CVCs. Case-patient 1 had been hospitalized from late Octo-
ber through early November at Hospital A. During Novem-
ber 13—19, 2001, this case-patient had had blood collected
and her CVC line flushed numerous times at Office B; on
November 19, culture result indicated A. xylosoxidans infec-
tion, which was successfully treated. We observed multiple
breaches in infection control at Office B: use of unlabeled,
prefilled syringes, poor hand hygiene, and lack of glove
use. The CVC of case-patient 1 may have been flushed by
using the same syringe and needle inserted into multidose
vials, causing contamination of the vials. Another possible
route of contamination is through artificial fingernails. A
cluster of Serratia marcescens and A. xylosoxidans bacter-
emia cases linked to multidose heparin vials contaminated
by a nurse with artificial fingernails has been reported (22);
however, the artificial fingernails from the nurse at Office
B were unavailable for testing. We suspect that multidose
vials were contaminated with A. xylosoxidans and subse-
quently used on other patients from November 12 through
December 18, 2001, when all case-patients had overlapping
visits at Office B and received CVC flushes. A culture from
an open, supposedly sterile saline bottle grew B. circulans,
which suggests possible breaches in infection control. Mul-
tidose heparin and saline vials have been reported as the
cause of outbreaks of hepatitis C (23,24), S. marcescens
(25), and Pseudomonas aeruginosa (26) infections.

Although the heparin and the saline vials could have
been contaminated from case-patient 1 in November, case-
patients who subsequently received flushes from these vials
may not have become immediately ill with symptoms of
bloodstream infection. A. xylosoxidans biofilm could have
developed on their CVCs and intermittently caused clini-
cal illness when the CVCs were manipulated; i.e., flushing
dislodged the biofilm and caused symptomatic bacteremia.
Although indwelling catheters are frequently colonized
with biofilm shortly after insertion (27), colonization does
not necessarily lead to infection; bloodstream infection
symptoms from an organism in contaminated intravenous
solutions have been delayed for as long as 421 days af-
ter exposure (28). The finding of an asymptomatic patient
with a CVC with A. xylosoxidans biofilm supports this. A
number of variables may be associated with detachment of
microbial cells from a biofilm (29), resulting in erosion or
sloughing. Flushing, which could mechanically shear the
biofilm, could result in detachment of cells or aggregates
that could in turn colonize the bloodstream and cause signs
and symptoms of bacteremia. This phenomenon has been
recently reported (28).
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The case-patients in this outbreak had their CVCs
removed and were treated with antimicrobial agents. The
presence of A. Xylosoxidans biofilm and the mechanism of
bloodstream infection after disruption by catheter flushing
suggests that eradication of infection would require cath-
eter removal, as reported by others (4,9). Previously, recur-
rent A. Xylosoxidans bacteremia has been reported in those
patients whose indwelling catheters were not removed (11).
Formation of A. xylosoxidans biofilm provides an explana-
tion for the organism most commonly causing bacteremia
in patients with CVCs (7,10).

The California Code of Regulations, Title 17, Section
2500 (30), requires all healthcare professionals to immedi-
ately report outbreaks of any cause; however, this outbreak
was not recognized early on. The initial cluster of patients at
Office B had symptoms and positive blood cultures growing
this uncommon organism for 6 weeks before the cases were
reported to the Los Angeles County Department of Public
Health. Because outpatient settings may lack surveillance
systems, outbreaks may not be recognized immediately,
thus potentially exposing more patients. In addition, some
of the symptoms of bloodstream infection were initially at-
tributed to side effects of chemotherapy. Because 10% of
patients in our prospective cohort study had blood cultures
positive for A. xylosoxidans, further studies are needed to
determine whether active surveillance for patients with
CVCs would help recognize infections.

Because we noted not only infection control breaches
but also that unlicensed office personnel were manipulat-
ing the CVCs, line flushes, infusions, and blood collection
through CVCs, we reported the situation to the California
Medical Board and the California Department of Health
Services. Although no California state regulations for in-
fection control in outpatient physician’s offices exist, the
California Department of Health Services and Los Angeles
County Department of Public Health recommended that the
oncology office improve infection control standards; han-
dling, storage, exposure, and access to pharmaceuticals;
and improve medical record documentation. New infec-
tion control policies were established, and the office sub-
sequently hired new, properly licensed registered nurses
and nurse practitioners to handle insertion of intravenous
catheters and administration of intravenous medications
and chemotherapy. After proper education of the oncol-
ogy office staff and removal of multidose vials of heparin
and saline, no more A. xylosoxidans bloodstream infections
were reported from Office B.

Our investigation has limitations. We did not culture
A. xylosoxidans from the multidose vials. The original vi-
als, used when the outbreak began, had already been dis-
carded and were not available for testing by the time we
were notified in January 2002. Our investigation was also
limited by the absence of medical records indicating when
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nursing staff accessed the CVCs. Although the contami-
nation of multidose vials remains suggestive, we suspect
that they were the most likely source. The outbreak ended
after discontinuing their use and enacting improved infec-
tion control practices. The organism could have been in-
troduced into multidose vials by a needle or syringe used
on an infected patient or by the artificial fingernails of the
nurse, through gaps in infection control.

For patients who received infusion therapy at home, re-
ceipt of therapy in an outpatient clinic or physician’s office
was an independent risk factor for bloodstream infection
(31). Therefore, clinicians need to be vigilant because mi-
nor breaches in infection control can lead to large outbreaks
with uncommon human pathogens, especially in patients
with CVCs. Clinicians also need to ensure that appropri-
ate infection control practices are adhered to consistently,
especially in outpatient care settings, where oversight of in-
fection control procedures may be absent. Unlike standards
that exist for nursing homes or hospitals, no written stan-
dards regarding infection control in outpatient settings exist
from the California Department of Health Services or the
California Medical Board. However, routine monitoring
and adherence to infection control could prevent outbreaks.
Clinicians providing care in outpatient settings should re-
view appropriate infection control standards and consider
establishing written policies to ensure that standards are
met. As healthcare delivery continues to move toward out-
patient care (32), the lack of formal infection control pro-
cedures and accountability in the outpatient office setting
can lead to large disease outbreaks (33,34); the need for
oversight in this setting should be considered.

Our investigation helps characterize the mechanisms
of A. xylosoxidans bloodstream infection in immunocom-
promised patients with CVCs. It provides a better under-
standing of how biofilm formation in a CVC can result in
a clinical infectious disease process with this uncommon
organism. Substantial illness and death can occur in out-
patient settings that lack formal oversight. This outbreak
highlights an unaddressed infection control problem in
the outpatient setting for regulating agencies to further
review.
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Testing for Coccidioidomycosis
among Patients with Community-
Acquired Pneumonia

Douglas C. Chang,* Shoana Anderson,t Kathleen Wannemuehler,* David M. Engelthaler,¥
Laura Erhart,t Rebecca H. Sunenshine,t Lauren A. Burwell,* and Benjamin J. Park*

Coccidioidomycosis is a common cause of community-
acquired pneumonia (CAP) in disease-endemic areas. Be-
cause testing rates influence interpretation of reportable-dis-
ease data and quality of CAP patient care, we determined the
proportion of CAP patients who were tested for Coccidioides
spp., identified testing predictors, and determined the propor-
tion of tested patients who had positive coccidioidomycosis
results. Cohort studies to determine the proportion of ambu-
latory CAP patients who were tested in 2 healthcare systems
in metropolitan Phoenix found testing rates of 2% and 13%.
A case-control study identified significant predictors of test-
ing to be age >18 years, rash, chest pain, and symptoms for
>14 days. Serologic testing confirmed coccidioidomycosis in
9 (15%) of 60 tested patients, suggesting that the propor-
tion of CAP caused by coccidioidomycosis was substantial.
However, because Coccidioides spp. testing among CAP pa-
tients was infrequent, reportable-disease data, which rely on
positive diagnostic test results, greatly underestimate the true
disease prevalence.

occidioidomycosis (valley fever) is a disease caused

by Coccidioides spp., dimorphic fungi that thrive in
the alkaline soil of warm, arid climates (1). Infection may
occur when conidia in disrupted soil are inhaled. Coccid-
ioidomycosis-endemic areas include the southwestern Unit-
ed States, parts of Mexico, and Central and South America.
In the United States, these areas include parts of Arizona,
California, New Mexico, Nevada, Texas, and Utah (1).

The clinical manifestations of coccidioidomycosis
have been well established (2—4); 1-3 weeks after a person
inhales the spores, most persons with symptomatic infec-
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USA; and tArizona Department of Health Services, Phoenix, Ari-
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tion will have a clinical syndrome consistent with commu-
nity-acquired pneumonia (CAP) (3). Serologic testing is
the most frequently used method for diagnosis of primary
pulmonary coccidioidomycosis (3,5). For most patients, se-
rologic reactivity ends after a few months unless infection
is active.

Although 95% of symptomatic pulmonary infections
are self-limiting and resolve after several weeks or months
without antifungal therapy, ~5% progress to asymptomatic
residua, such as pulmonary nodules or cavities (2). Among
all recognized infections, extrapulmonary disease involv-
ing the meninges, bones and joints, skin, and soft tissues
occurs in <5% (2). Risk factors for severe or disseminated
infection include immunosuppression, diabetes, preexist-
ing cardiopulmonary disease, second- or third-trimester
pregnancy, and African or Filipino descent (6).

Previous studies suggest that the true prevalence of
coccicioidomycosis is substantially underestimated (6,7).
One study, which used rates of skin-test conversion, esti-
mated that clinical illness would develop in 30,000 per-
sons per year in southern Arizona (7). Another study found
that coccidioidomycosis was serologically confirmed for
29% of CAP patients in primary care clinics in Tucson,
Arizona (8). To understand more about the unmeasured
prevalence of disease, we evaluated Coccidioides spp.test-
ing practices for ambulatory clinic patients with CAP in
Maricopa County, which encompasses most of metropoli-
tan Phoenix in Arizona, a state where coccidioidomycosis
is reportable. Our objectives were to estimate the proportion
of patients with CAP who were tested for coccidioidomy-
cosis, to determine predictors of testing, and to determine
the proportion of CAP patients who had coccidioidomyco-
sis. To accomplish our objectives, we performed 3 related
studies: a data analysis, a retrospective cohort study, and a
case—control study.
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Methods

Descriptive Epidemiology

To describe the epidemiology of coccidioidomycosis
in metropolitan Phoenix, we analyzed data from the Na-
tional Electronic Telecommunication System for Surveil-
lance. We calculated county-specific and age group—specif-
ic incidence rates for 1999-2004. Population denominators
were obtained from the US Census Bureau (http://quick-
facts.census.gov/qfd/index.html).

Retrospective Cohort Studies

To determine the proportions of CAP patients tested
for Coccidioides spp., we performed retrospective cohort
studies in 2 healthcare systems (systems A and B) in metro-
politan Phoenix. System A served large numbers of patients
without private insurance, whereas system B was associated
with an insurance company. System A comprised 13 clinics
and system B comprised 17 (Table 1). Race and ethnicity
data were available for patients in system A (19% white, 6%
black, 69% Hispanic, 4% other) but not system B.

Administrative databases from both systems were
screened to identify outpatient visits from January 1, 2003,
through December 31, 2004, in which patients were as-
signed primary or secondary codes from the International
Classification of Diseases, 9th revision (ICD-9), beginning
with 486 (pneumonia, organism unspecified). Patient charts
were selected by simple random sampling for chart review
to determine whether patients met inclusion criteria. Patients
were included if their initial visit was as an outpatient, they
had no history of coccidioidomycosis, and they had CAP as
defined by the clinician. Patients were excluded if they were
hospitalized or had been residents of a long-term care facil-
ity within 14 days of symptom onset. Demographic, clinical,
diagnostic data (including Coccidioides spp. testing), and
outcomes were extracted from medical records for all subse-
quent visits within 2 months after the initial clinic visit.

Preliminary results, obtained by using Current Proce-
dural Terminology codes for Coccidioides spp. serologic
testing (86635, 86329, 86331, or 86171), indicated that
13% of patients in system B were being tested for Coccid-
ioides spp. compared with 1% in system A. Assuming o =
0.05 and a power of 80%, a sample size of 86 was needed
for each cohort to show a difference in testing frequency
between the 2 systems.

Case—Control Study

To determine factors associated with coccidioidomyco-
sis testing (testing predictors) among CAP patients, we con-
ducted a case—control study in system B. We identified all
ambulatory patients who had visited system B in 2003 and
2004 and had an ICD-9 code for “pneumonia, organism un-
specified” and a Current Procedural Terminology code for
Coccidioides spp. serologic testing. Patients with CAP were
defined by the same criteria used in the cohort studies. Case-
patients were defined as CAP patients who had received
Coccidioides spp. serologic testing, regardless of test result.
Controls were defined as patients who met the definition
for CAP but had not received Coccidioides spp. serologic
testing. A simple random sample of visits was reviewed to
confirm inclusion criteria and to confirm Coccidioides spp.
serologic testing associated with the pneumonia.

Statistical Analysis

All data were entered into Epi Info (Centers for Dis-
ease Control and Prevention [CDC], Atlanta, GA, USA).
Analysis was performed in Epi Info, SAS version 9.1 (SAS
Institute, Inc., Cary, NC, USA), and StatXact 6 (Cytel Soft-
ware Corp., Cambridge, MA, USA). Confidence intervals
(ClIs) on difference in proportions were determined by as-
suming 2 independent binomial proportions and using an
exact method. The Kruskal-Wallis test was used to com-
pare continuous variables. Univariate logistic regression
models related the dependent variable (a clinician ordering
a test for Coccidioides spp.) to independent variables such
as age (>18 years vs. <18 years); reported rash; chest pain;
symptoms >14 days, as well as other demographic or clini-
cal symptom characteristics. A final multivariable model
was chosen by using the stepwise selection procedure.
Independent variables that remained significant (0<0.05)
while other significant variables were controlled for were
included in the final model. Exact 95% ClIs are reported
because of low observed cell counts.

Results

Descriptive Epidemiology

In 2004, Maricopa County had the most reported
cases of coccidioidomycosis in Arizona (2,704 cases), fol-
lowed by Pima and Pinal Counties (715 and 164 cases,
respectively). Compared with other counties in Arizona,

Table 1. Characteristics of healthcare systems selected for retrospective cohort studies, Maricopa County, Arizona

Characteristic System A System B
Primary care Yes Yes
Subspecialty care Yes Yes

No. clinics 13 17
Associated with hospital Yes (public) No

Racial and ethnic minorities Majority Data not available

Insurance

Many without insurance

Most privately insured
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Maricopa, Pima, and Pinal Counties also had the highest
incidence rates (77, 77, and 75 cases per 100,000 persons,
respectively). The incidence rate in Maricopa County has
increased from 42 per 100,000 persons in 1999 to 77 cases
per 100,000 persons in 2004. Maricopa County shows a
seasonal pattern with cases peaking in the winter season
(Figure), similar to findings reported elsewhere (9). Coc-
cidioidomycosis was reported in every 5-year age category;
the incidence rate for coccidioidomycosis was 8/100,000
for those <5 years of age and increased steadily with each
age group; incidence for persons 55-64 years of age was the
highest (166/100,000). Groups of persons >65 years of age
also had high incidence rates (65—74 years, 161/100,000;
75-84 years, 147/100,000; >85 years, 153/100,000).

Retrospective Cohort Studies

Participants

In system A, 619 visits for “pneumonia, organism
unspecified” were identified, from which 132 (21%) were
sampled for chart review. From the 132, 66 (50%) were
excluded: 11 had no charts available, 21 were miscoded
or did not have a clinical diagnosis of pneumonia, 30 were
initially hospitalized, and 4 had been residents of long-term
care facilities or hospitalized within the 14 days before
symptom onset. The remaining 66 patients were confirmed
by chart review to have CAP and were included.

In system B, 14,695 visits for “pneumonia, organism
unspecified” were identified, from which 159 (1%) were
sampled for chart review. From the 159, 72 (46%) were
excluded: 6 had no charts available, 25 did not have clear
documentation of pneumonia, 37 were initially hospital-
ized, 1 had been hospitalized within 14 days before symp-
tom onset, and 3 had a history of coccidioidomycosis. The
remaining 87 patients were therefore included.

Patient Characteristics and Clinical

Description (Table 2)

Of CAP patients, 11% of those in system A were <18
years of age compared with 37% in system B (difference
26%, 95% CI 12%-39%, p<0.01). Patients in system A
were significantly more likely than patients in system B to
have been seen initially in an emergency department (26%
vs. 6%, difference 20%, 95% CI 7%—33%, p<0.01).

Clinical signs and duration of symptoms before the ini-
tial visit were similar for patients in both systems. In sys-
tems A and B, respectively, cough was the most commonly
reported symptom (82% and 79%), followed by fever (33%
and 58%) and dyspnea (27% and 26%). Approximately
50% of patients in each group had focal findings on lung
examination.

In terms of coexisting conditions, 38% of patients in
system A had diabetes compared with 8% in system B (dif-
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Figure. Coccidioidomycosis cases reported by month, Maricopa
County, Arizona, 1999-2004.

ference 30%, 95% CI 16%—43%, p<0.01); diabetes is a
risk factor for severe pneumonia and for complicated Coc-
cidioides spp. infection (10). Similar proportions of those
with asthma or chronic obstructive pulmonary disease
were found in both systems. Few patients had a diagnosis
of HIV, pregnancy, or organ transplantation, and few were
receiving immunosuppressive medications.

Chest radiographs were less likely to have been taken
for patients in system A than for patients in system B (23%
vs. 83%, difference 60%, 95% CI 47%—72%, p<0.01). Of
those in both systems who did have chest radiographs taken,
similar proportions had findings consistent with pneumonia
(78% and 81%, respectively). All patients in both systems
received treatment with antibacterial drugs.

Coccidioides spp. serologic testing was low overall for
patients in systems A (1/66, 2%, 95% CI 0.04%—8%) and
B (11/87, 13%, 6%—22%). Patients in system A were sig-
nificantly less likely than patients in system B to have had
Coccidioides spp. serologic testing performed at any point
during the clinical course of disease (difference 11%, 95%
CI 3%-20%, p = 0.01). In system B, 7 (64%) of 11 tested
patients were tested during a follow-up visit rather than at
the initial visit. Of those 11 patients, 1 (9%) had a reactive
serologic test result for Coccidioides spp. Median duration
of symptoms before testing for patients in system B was 27
days (range 1-99 days); most patients (64%) were tested
after symptoms had been present for at least 2 weeks.

Patient outcomes were similar. In system A, 2 (3%) were
known to have been hospitalized for worsening of pneumo-
nia, and no patients were known to have died. In system B,
6 patients (7%) were hospitalized for worsening pneumonia,
and 2 died; cause-of-death data were unavailable.

Case—Control Study

Of 14,695 potential CAP-patient visits in system B, we
randomly selected 60 case-patients (i.e., those with CAP
who had been tested for Coccidioides spp.) and 76 controls
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Table 2. Demographic and clinical characteristics of patients with community-acquired pneumonia included in retrospective cohort
studies, Maricopa County, Arizona, January 2003—-December 2004*

System A (% or range),

System B (% or range),

Absolute difference in

Patient characteristic n =66 n =387 percentages (95% CI)*
Evaluated initially in emergency department 17 (26) 5(6) 20 (7-33)t
Median age, y (range) 54 (6-90) 37 (0-86)
Age <18y 7(11) 32 (37) 26 (12-39)
Male 30 (46) 47 (54) NS
Median no. days of symptoms before 1st visit 8 (1-30) 7 (1-60) NS
Symptoms for >21 d at time of 1st visit 4(9) 6 (7) NS
Symptoms
Fever 22 (33) 50 (58) NS
Chills 5(8) 12 (14) NS
Night sweats 0 4 (5) NS
Myalgias 2(3) 3(3) NS
Fatigue 4 (6) 4 (5) NS
Cough 54 (82) 69 (79) NS
Dyspnea 18 (27) 23 (26) NS
Chest pain 10 (15) 11 (13) NS
Wheezing 8 (12) 9 (10) NS
Signs
Temperature >100.4°F 10 (15) 24 (28) NS
Tachycardia 8 (12) 11 (13) NS
Focal lung examination 37 (56) 44 (51) NS
Hypoxia 0 0 NS
Rash 0 0 NS
Immunosuppressive medication 2(3) 1(1) NS
Coexisting conditions
Asthma 10 (15) 23 (26) NS
Chronic obstructive pulmonary disease 13 (20) 12 (14) NS
Diabetes mellitus 25 (38) 7(8) 30 (16-43)t
HIV infection 0 1(1) NS
Pregnancy 1(2) 0 NS
Transplant 1(2) 0 NS
Malignancy 1(2) 3(3) NS
Diagnostic testing, noncoccidioidal
Chest radiograph 23 (35) 83 (95) 61 (47-72)t
Radiographically proven pneumonia 18 (27) 67 (83) 50 (35-63)t
Treatment and outcome
Antibacterial drugs 66 (100) 87 (100) NS
Follow-up visits
None 17 (26) 27 (31) NS
1 34 (52) 27 (31) NS
2 5(8) 13 (15) NS
>3 10 (15) 20 (23) NS
Hospital admissions 2(3) 6 (7) NS
Died 0 (0) 2(2) NS
Coccidioides spp. serologic testing
At any visit 1(2) 11 (13) 11 (3-20)F
During follow-up visit 0 4 (5) NS
Reactive results 0 1(1) NS
Median no. days before testing 12 27 (1-99) -
Symptoms >14 days before testing 0 7 (64) NS
Diagnosis of coccidioidomycosis, any technique 0 1(1) NS

Cl, confidence interval; NS, not significant. Cls on difference in percentages were performed by using an exact method with 2 independent binomial

proportions.
tp<0.01.
$p<0.05.
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(i.e., those with CAP who had not been tested). According
to univariate analysis, patients who had chest pain (odds
ratio [OR] 4.6, 95% CI 1.8-11.8), rash (OR undefined, 95%
CI 1.2-undefined), or those with symptom duration >14
days (OR 5.8, 95% CI 2.1-15.7) were significantly more
likely to have been tested (Table 3). Additionally, patients
>18 years of age (OR 5.5, 95% CI 2.1-15.3) and those
who had diabetes or were receiving an immunosuppressive
medication (OR 3.6, 95% CI 1.0-16.5) were significantly
more likely to have been tested.

The multivariate model identified the following as be-
ing significantly more likely to have been tested for coc-
cidioidomycosis: adult patients (adjusted OR 5.3, 95% CI
1.5-24.0) and those who reported rash (adjusted OR 21.1,
95% CI 2.2—x), chest pain (adjusted OR 3.9, 95% CI 1.2—
13.8), or symptoms for >14 days (adjusted OR 4.1, 95%
CI 1.3-14.2). The Hosmer-Lemeshow goodness-of-fit test
showed no evidence of a lack of fit (p = 0.8).

Of the 60 case-patients who were tested for Coccid-
ioides spp., 9 (15%, 95% CI 8%—26%) had positive results.
Of these 9, 3 had immunoglobulin (Ig) M by enzyme im-
munoassay alone, 3 had IgM and IgG by enzyme immuno-
assay (IgG titers 4, 8, and 8 by complement fixation), | had
IgM and IgG by immunodiffusion, 1 had a single high IgG
titer (128), and another had a rising IgG titer (<2 initial; 16
at 4 weeks).

Discussion

Our study directly measured serologic testing practices
for coccidioidomycosis. The proportion of ambulatory pa-
tients with CAP who were tested for Coccidioides spp. was
low in this coccidioidomycosis-endemic area.

Because incidence rates of CAP in this area of the
United States are not available, the number of CAP pa-
tients who do not receive serologic testing for Coccidioides
spp. cannot be estimated. However, if incidence rates are
comparable to those in other parts of the country (6), the
number of patients with CAP who are not tested for coc-
cidioidomycosis would be high. If CAP is the result of coc-

Testing for Coccidioidomycosis among CAP Patients

cidioidomycosis in as many as 10%—15% of these untested
patients, then large numbers of patients would remain un-
diagnosed.

According to recently published Infectious Disease
Society of America (IDSA) guidelines, the benefit of anti-
fungal therapy for uncomplicated respiratory Coccidioides
spp. infection is unknown (6). However, treatment is more
likely to benefit groups at risk for severe or disseminated
infection (6). Although these groups are especially likely
to benefit from early testing for coccidioidomycosis, other
benefits of early diagnosis may exist for all patients with
coccidioidomycosis, regardless of risk for severe disease.
Such benefits may include avoidance of unnecessary use of
antibacterial agents, earlier identification of complications,
decreased need for further expensive diagnostic studies,
and reduction of patient anxiety (3).

Reasons that CAP patients may not be tested for Coc-
cidioides spp. are unclear but are likely complex. First,
professional consensus for optimal testing practices may
have been lacking. Although guidelines developed by na-
tional professional organizations for the management of
CAP were available during the study period (11-13), these
guidelines did not directly address the best strategy for
Coccidioides spp. serologic testing (11-13). IDSA guide-
lines for the treatment of coccidioidomycosis also did not
clearly recommend serologic testing for patients with CAP
(6,14). The most recent IDSA/American Thoracic Society
guidelines for CAP, published after the study period, now
recommend evaluating travel history or exposure to dis-
ease-endemic area during the initial assessment rather than
waiting for a failed response to therapy (15); these guide-
lines may lead to increased testing for coccidioidal CAP.
Second, physicians may be unaware of the benefits of early
testing or the possible high prevalence of coccidioidomy-
cosis in those with CAP in Arizona and therefore may not
understand the utility of testing. Regardless of the reasons,
the lack of testing in the presence of widespread disease
hampers epidemiologic understanding of this disease and
subsequently may affect public health decisions related to

Table 3. Characteristics of patients with community-acquired pneumonia (CAP) who were tested for coccidioidomycosis, Maricopa

County, Arizona, January 2003—-December 2004*

Case-patients, no. (%),

Controls, no. (%),

Adjusted odds ratiot

Characteristic n =60 n=76 Odds ratio (95% ClI) (95% ClI)

Age >18y 53 (88) 44 (58) 5.5(2.1-15.3)% 5.3 (1.5-24.0)
Male 28 (55) 40 (53) 0.9 (0.5-1.9) NS

Chest pain 19 (32) 79 4.6 (1.8-11.8)% 3.9 (1.2-13.8)
Rash 5(8) 0 Undefined (1.2-Undefined)¥  21.18 (2.2—-undefined)
Diabetes mellitus or 10 (17) 4 (5) 3.6 (1.0-16.5)% NS
immunosuppressive condition

Symptoms >14 d 20 (33) 6 (8) 5.8 (2.1-15.7)% 4.1 (1.3-14.2)

*Cl, confidence interval; NS, not significant. Case-patients were patients who had CAP and had received Coccidioides spp. serologic testing, regardless
of test result; controls were patients who had CAP but had not received Coccidioides spp. serologic testing.
TAdjusted odds ratios and exact 95%CI from a multivariable logistic regression model.

FSignificant (p<0.05) according to univariate analysis.
8§Median unbiased estimate of the adjusted odds ratio.
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resource allocation to control disease, educate physicians,
and develop a vaccine.

Our data also illustrate the marked differences in pro-
cess of care for ambulatory patients with CAP in different
health systems. Patients in the uninsured population, system
A, were less likely to be tested than patients in the primarily
insured population, system B. This disparity is evidenced
by the higher proportion of CAP patients in the insured sys-
tem who received chest radiography in addition to serologic
testing. Public health officials may be able to address these
disparities by providing general recommendations for diag-
nostic testing of patients with CAP in coccidioidomycosis-
endemic areas; process-of-care measures such as chest radi-
ography and Coccidioides spp. serologic testing may help
determine effectiveness of such interventions.

Of the tested CAP patients in system B, 15% had se-
rologic evidence of recent Coccidioides spp. infection; this
proportion is much lower than that (29%) found in a re-
cently reported study (8). Several differences may explain
this discrepancy. First, our study population was located
in a different area of Arizona. Second, our definition of
CAP differed from the definition used in the other study
and is likely more representative of actual CAP found in
outpatient practices (8). However, our proportion may
overestimate the true proportion of CAP caused by coccid-
ioidomycosis because testing in our cohort was subject to a
decision made by the treating physician. Nevertheless, the
high proportion could signify that a large number of pul-
monary coccidioidomycosis diagnoses are likely missed in
Maricopa County alone and that the overall extent of pul-
monary coccidioidomycosis is higher than that indicated by
reportable disease data. Further studies are needed to better
quantify the extent of disease.

Our study has several limitations. First, in contrast to
definitions used in many studies, our definition of CAP in-
cluded patients whose diagnosis was made by a clinician
without a chest radiograph or with a negative chest radio-
graph. However, although some patients may not have tru-
ly had CAP, our definition reflects what clinicians actually
believed they were treating, which is clinically relevant to
whether a diagnostic test is ordered. Second, although the
study populations were geographically dispersed through-
out metropolitan Phoenix and included varied population
segments, they may not be generalizable to populations in
health systems in other areas of Arizona. Third, at system
B, controls were inadvertently oversampled during 2003, so
we were unable to include visit year in our analysis. How-
ever, it is unlikely that the biased selection based on year
led to substantial bias for other variables such as age, sex,
clinic location, signs, symptoms, coexisting medical condi-
tions, or testing. Fourth, data on socioeconomic status were
not available for either system, and race or ethnicity data
were not available from system B. Fifth, because our study
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evaluated ambulatory rather than hospitalized patients with
CAP, our conclusions cannot be generalized to the hospital,
where testing practices are likely to differ.

Our study shows that testing for Coccidioides spp.
among ambulatory patients with CAP is infrequent in met-
ropolitan Phoenix. Providers in metropolitan Phoenix and
other coccidioidomycosis-endemic areas should consider
testing patients with CAP for coccidioidomycosis. Further
epidemiologic studies are needed to better determine the
true extent of pulmonary coccidioidomycosis.
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Determinants of Cluster Size In
Large, Population-Based Molecular
Epidemiology Study of Tuberculosis,
Northern Malawi
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Francis D. Drobniewski,f and Paul E.M. Fine*

Tuberculosis patients with identical strains of Mycobac-
terium tuberculosis are described as clustered. Cluster size
may depend on patient or strain characteristics. In a 7-year
population-based study of tuberculosis in Karonga District,
Malawi, clusters were defined by using 1S6110 restriction
fragment length polymorphism, excluding patterns with <5
bands. Spoligotyping was used to compare strains with an
international database. Among 682 clustered patients, clus-
ter size ranged from 2 to 37. Male patients, young adults,
and town residents were over-represented in large clusters.
Cluster size was not associated with HIV status or death
from tuberculosis. Spoligotypes from 9 (90%) of 10 large
cluster strains were identical or very similar (1 spacer differ-
ent) to common spoligotypes found elsewhere, compared
with 37 (66%) of 56 of those from nonclustered patients (p =
0.3). Large clusters were associated with factors likely to be
related to social mixing, but spoligotypes of common strains
in this setting were also common types elsewhere, consis-
tent with strain differences in transmissibility.

olecular techniques, in particular restriction frag-
ment length polymorphism (RFLP) based on the
1S6110 insertion element, are used to define clusters of iso-
lates of Mycobacterium tuberculosis with identical DNA
fingerprints. Many studies have investigated risk factors
for clustering, but relatively little is known about the de-

*London School of Hygiene and Tropical Medicine, London, UK;
tKaronga Prevention Study, Chilumba, Malawi; and fHealth Pro-
tection Agency, London

DOI: 10.3201/eid1407.060468
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terminants of cluster size (1,2). The size of clusters could
depend on factors favoring transmission or on differences
in the strains themselves. M. tuberculosis strains found in
persons with smear-positive disease, many contacts, or de-
lays in diagnosis and effective treatment are particularly
likely to be transmitted. Some strains may be inherently
more transmissible than others, perhaps because they are
particularly likely to give rise to sputum smear—positive
disease, they are associated with a more insidious onset of
clinical symptoms (so patients are infectious for longer), or
they are more virulent and are therefore more likely to give
rise to secondary cases within the period studied (3). Large
clusters may also be observed if the strain has a particularly
stable RFLP pattern; this may be more likely for strains
with few bands.

Epidemiologic differences can be explored by exam-
ining risk factors for cluster size. Giordano et al. (1) hy-
pothesized that cluster size would be related to duration
of symptoms. Those researchers found no evidence of this
but did find inverse associations with age and HIV status
in a population-based study in Texas in the United States.
Strain-related differences are likely if the same strains give
rise to large clusters in unrelated populations. The ubiquity
of the Beijing family of strains has led to speculation that
they may be particularly virulent or transmissible (4).

In a population-based study of the molecular epidemi-
ology of tuberculosis in northern Malawi, we found that
clustering was associated with young age, female sex, area
of residence, and, in older adults, HIV positivity (5). We
explored the determinants of cluster size and the character-
istics of the larger clusters.
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Methods

As part of the Karonga Prevention Study, northern Ma-
lawi, all persons with suspected tuberculosis at peripheral
clinics and the district hospital are seen by project staff.
Sputum is collected for smear and culture; lymph node and
pleural and peritoneal aspirates are also cultured, when
available. Cultures are set up in the project laboratory in
Malawi, and those macroscopically consistent with M. tu-
berculosis are sent to the Health Protection Agency My-
cobacterium Reference Unit, London, United Kingdom,
for species identification and drug resistance testing. HIV
testing is conducted after counseling, if consent is given.
Patients are treated for tuberculosis according to Malawi
government guidelines (6).

DNA fingerprinting using IS6110 RFLP has been con-
ducted on isolates from patients who have been diagnosed
since late 1995, following standard procedures (7). Patients
whose disease was diagnosed up to early 2003 were includ-
ed in this analysis. RFLP patterns were compared by using
computer-assisted (Gelcompar 4.1; Applied Maths, Ko-
rtrijk, Belgium) visual comparison. Laboratory error was
thought likely if isolates with identical RFLP patterns were
isolated on the same day from patients with no known epi-
demiologic relationship if, in addition, there was no other
laboratory evidence of tuberculosis, or if they were the only
2 examples of this RFLP pattern, or if the patients had other
isolates with different patterns (8). After likely laboratory
errors were excluded, RFLP patterns shared by >1 patient
were classified as clustered. Some patients had >1 isolate.
To define whether a strain was clustered and to determine
the size of the cluster, patients were included more than
once if they had >1 RFLP pattern. Thereafter, patients were
only included once, for their first episode of tuberculosis
for which an RFLP result was available.

Spoligotyping (9) was performed on at least 2 iso-
lates of clusters containing at least 15 patients, to enable
comparison of strains with international databases (10,11).
Changes in the proportion of tuberculosis cases caused by
each of these large cluster strains over time was examined,
by using the Fisher exact test to compare proportions and
the y* test for linear trend. Spoligotyping was also per-
formed on unique (not clustered) strains from patients with
smear-positive tuberculosis in 1998 or 1999, as examples
of strains that had apparently not spread in the population;
and from all positive cultures from 2002. Previously identi-
fied spoligotypes were defined as widespread if the inter-
national database described them as both “ubiquitous” and
“recurrent,” “common,” or “epidemic.”

Analysis of cluster size excluded unique strains and
strains with <5 bands on the RFLP (because patterns with
few bands are insufficiently discriminatory). Cluster size
was divided into 4 groups (Table 1), and associations with
cluster size were determined by using maximum-likelihood
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ordered logistic regression with the ologit command in
STATA (12). With this method, the odds ratios calculated
represent the summary relative odds of larger clusters com-
pared to smaller clusters across the 4 groups. This method
was used in preference to linear regression because cluster
size is not normally distributed, and in preference to lo-
gistic regression because it avoids arbitrary dichotomiza-
tion of cluster size. All available risk factors for cluster
size were assessed individually (Table 1), and factors that
were significant at the 5% level, after adjusting for other
factors, or that confounded other variables were retained
in the final model. The molecular epidemiologic work of
the Karonga Prevention Study was approved by the Malawi
National Health Sciences Research Committee and the eth-
ics committee of the London School of Hygiene and Tropi-
cal Medicine.

Results

Over the study period, 1,248 cases of culture-positive
tuberculosis were diagnosed in patients in Karonga Dis-
trict. RFLP results were available on 1,194 isolates from
1,044 patients. After we excluded 25 isolates because labo-
ratory error was suspected (8), there were results for 1,029
patients. Eighty-one had <5 bands so they were excluded.
Of the remaining 948 patients, 682 (72%) were clustered
and form the basis of this analysis.

Cluster size varied from 2 to 37. The determinants of
cluster size are shown in Table 1. Older patients were less
likely than younger patients to be in large clusters. Male
patients were more likely than female patients to be in large
clusters, and there was variation by geographic area. Cluster
size was not statistically associated with HIV status, type
of tuberculosis, previous tuberculosis, or drug resistance.
Patients in small clusters were as likely to die during treat-
ment as those in large clusters. In the multivariate analysis,
the results were similar (Table 2), with significant associa-
tions with age, sex, and area of residence. The results were
unchanged by adjusting for year or for RFLP band number.
None of the other factors shown in Table 1 was associated
with clustering after we adjusted for possible confounders.
Repeating the analysis with different categorizations of
cluster size gave similar results (not shown).

All of the large cluster strains (>15 people) were found
in at least 4 of the 6 geographic areas of the district, and
most were found throughout the district. The distributions
of the 4 largest clusters are shown in the Figure. Patients
with strains from most of the large clusters were present
in the district throughout the study period. Trends over
time for strains involving at least 15 people are shown in
Table 3. Only 1 strain, kps121, showed statistically signifi-
cant changes over time; it appeared to be decreasing.

Spoligotypes from large clusters (>15 people) were
compared with the international database (10,11). The re-
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sults, displayed according to the octal code, are shown in
Table 4 (13). Six of the large cluster strains had patterns
identical or very similar to spoligotype 59, which is clas-
sified as ubiquitous and recurrent (10,11). These 6 RFLP-
defined strains (kps10, 12, 20, 21, 41, and 64) had similar
RFLP patterns, with a similarity coefficient of 79% (with
1% position tolerance).

The spoligotypes for RFLP-defined strains kps104,
kps44, and kps97 were also identical or similar to previous-
ly described widespread spoligotypes, types 21, 53, and 1
(Beijing), respectively. The spoligotype for strain kps121,
spoligotype129, was not similar to any widespread types.

The spoligotypes from the RFLP-defined large cluster
strains were compared with spoligotypes from patients with
positive cultures in 2002, and from patients with smear-
positive tuberculosis and unique RFLP patterns in 1998
through 1999. Overall, 9 (90%) of 10 of the large cluster
strains had spoligotypes that were identical to, or only 1

spacer different from, previously described widespread
spoligotypes. For the patients from 2002, this proportion
was 90 (71%) of 126 (p = 0.3 when compared to the large
cluster strains), and for the smear-positive unique strains, it
was 37 (66%) of 56 (p = 0.3 compared to the large cluster
strains).

All the spoligotypes that were found in the RFLP-de-
fined large cluster strains were also found among (RFLP-
defined) unique strains. Seventeen of the unique strains had
spoligotype 59, and 2 others had closely related patterns (i.e.,
1 spacer different); 1 had spoligotype 21, and 1 had a closely
related pattern; 4 had spoligotype 53, and 2 had closely re-
lated patterns; and 6 had spoligotype 129. Of the 56 patients
from 1998 to 1999, none had Beijing spoligotypes, but we
have previously described strains with Beijing spoligotypes
and unique RFLP patterns in this population (14).

The spoligotypes found in the large cluster strains
were also common among the unselected patients from

Table 1. Associations between patient characteristics and cluster size, Mycobacterium tuberculosis, bivariate analysis, Malawi

Cluster size, %

2-4 5-10 11-20 >20 Odds ratio
Characteristic N (n = 186) (n =196) (n=173) (n=127) (95% CI)* p value
Age,y 0.05
<25 111 27.9 25.2 25.2 21.6 1
25-34 266 24.4 26.3 27.8 21.4 1.1(0.74-1.7)
35-44 160 26.3 325 25.0 16.3 0.87 (0.56-1.3)
>45 145 33.1 31.7 21.4 13.8 0.66 (0.42-1.0)
Sex 0.1
F 386 27.2 30.3 26.9 15.0 1
M 296 26.7 26.7 23.3 23.3 1.2 (0.95-1.6)
HIV status 1.0
Negative 141 26.2 30.5 23.4 19.9 1
Positive 288 26.4 28.1 27.8 17.7 1.0 (0.7-1.4)
Area 0.005
South, near Chilumba 70 38.6 22.9 24.3 14.3 0.51 (0.31-0.84)
Middle, near Nyungwe 89 20.2 22.5 30.3 27.0 1.2 (0.79-1.9)
Around Karonga 119 25.2 34.5 21.9 18.5 0.73 (0.48-1.1)
Karonga central (urban) 209 215 25.4 325 20.6 1
Kaporo area 84 35.7 345 155 14.3 0.46 (0.29-1.1)
Far north 57 28.1 40.4 211 10.5 0.54 (0.32-0.9)
Outside district 16 26.9 28.9 25.6 18.6 0.41 (0.61-1.1)
Tuberculosis type 0.6
Smear positive 485 26.2 29.5 25.4 19.0 1
Smear negative 145 29.7 24.8 27.6 17.9 0.94 (0.68-1.3)
Extrapulmonary 52 30.8 32.7 19.2 17.3 0.78 (0.47-1.3)
Previous tuberculosis 0.6
No 628 27.4 28.8 25.8 18.0 1
Yes a7 27.7 25.5 21.3 25.5 1.2 (0.68-2.0)
Isoniazid resistance 0.2
No 641 28.1 27.9 25.9 18.1 1
Yes 39 12.8 43.6 15.4 28.2 1.5 (0.84-2.6)
Diedt 1.0
No 382 26.7 28.3 25.1 19.9 1
Yes 155 25.8 29.0 26.5 18.7 1.0 (0.72-1.4)

*Odds ratio from ordered logistic regression. This represents the summary relative odds of larger clusters compared with smaller clusters across the 4
groups. Odds ratios >1 imply that the odds of being in a larger cluster are greater than in the baseline group. Cl, confidence interval.
TOutcome recorded for 632 patients; those who were lost or transferred while receiving treatment are excluded from this analysis.
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Table 2. Multivariate analysis of risk factors for larger cluster size,
Malawi

Cluster size*

Risk factor Odds ratio  95% CI p value
Age,y

<25 1 0.01f

25-34 1.0 0.66-1.5

35-44 0.76 0.48-1.2

>45 0.62 0.39-1.0
Male 14 1.0-1.8 0.03
Area <0.001

South, near Chilumba 0.54 0.33-0.90

Middle, near Nyungwe 1.3 0.81-2.0

Around Karonga 0.74 0.50-1.1

Karonga central (urban) 1

Kaporo area 0.48 0.30-0.76

Far north 0.55 0.32-0.92

Outside district 0.41 0.15-1.1

*QOdds ratios are adjusted for the other factors shown in the table (i.e., the
multivariate equation contained age group, sex, and area). Cl, confidence
interval.
tTrend.

2002. Thirty-six (29%) had spoligotype 59, and 10 more
had closely related patterns; 11 (9%) had spoligotype 21;
8 (6%) had spoligotype 53, and 2 had closely related pat-
terns; 7 (6%) had the Beijing spoligotype; and 8 (6%) had

No

du
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spoligotype 129. The 36 isolates with spoligotype 59 had
23 different RFLP patterns with a similarity coefficient
of 63%.

Discussion

This study suggests that both epidemiologic and strain-
related factors may contribute to large cluster size. In large
clusters young adults, male patients, and those living in the
town were over-represented, all factors likely to be asso-
ciated with increased social mixing. Similar associations
with age and sex have been found previously, in the United
States and Denmark. In Denmark the largest cluster was
particularly predominant in the capital city (1,2).

There was no significant association between tuber-
culosis type (smear positive, smear-negative pulmonary,
or extrapulmonary) and cluster size, but most patients
had sputum smear—positive disease. There was also no
statistically significant association with degree of smear
positivity (not shown). An overall association with infec-
tiousness would not necessarily be expected: the infec-
tiousness of the first cases of a cluster may be important
in determining size, but the first cases for the large clus-
ters, which were found throughout the period of study, are
not identifiable. There was no significant association with
Figure. Geographic distribution of the 4
most common strains defined by restriction

fragment length polymorphism: A) strain
kpsl2, B) strain kps121, C) strain kps41l,

. patients with TB
in each 10 km?
ring study period

1-10 and D) strain kps44. Each o represents a
11-20 patient. Each square is 10 km x 10 km. The
21-30 background shading represents the total
31-40 number of tuberculosis (TB) cases in each
41-50 area during the study period, which largely
250 reflects the population density.

Chilumba
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Table 3. Proportion of all tuberculosis cases caused by each of the RFLP-defined large cluster strains over time, Malawi*

Tuberculosis cases caused by each strain, % (no.)

Strain No. patients 1995-1997 1998-1999 2000-2001 2002-2003 p value
Kps10 18 2.3 (6) 0.9 (3) 1.7 (5) 2.8 (4) 0.4
Kps12 34 1.5 (4) 3.9 (13) 4.9 (14) 2.1(3) 0.1
Kps20 15 1.9 (5) 0.9 (3) 1.7 (5) 1.4 (2) 0.7
Kps21 15 0.8 (2) 2.1(7) 2.1(6) 0.0 (0) 0.2
Kps4l 37 4.2 (11) 3.0 (10) 45 (13) 2.1(3) 0.5
Kps44 29 3.8 (10) 3.3(11) 1.4 (4) 2.8 (4) 0.3
Kps64 16 0.4 (1) 1.5 (5) 2.8 (8) 1.4 (2) 0.1
Kps97 15 0.8 (2) 2.4 (8) 1.0 (3) 0.7 (1) 0.3
Kps104 16 1.5 (4) 0.9 (3) 2.1 (6) 2.1(3) 0.6
Kps121 27 4.2 (11) 2.7 (9) 2.1(6) 0.7 (1) 0.03 (trend)

*RFLP, restriction fragment length polymorphism.

isoniazid resistance, but only 39 (6%) patients had resis-
tant strains. Isoniazid resistance has been associated with
reduced clustering and reduced generation of secondary
cases (15,16) so it might have been expected to be less
common in the larger clusters. Only 3 clustered patients
had rifampin resistance in our study (2 with 1 strain and
1 with another), so the effect of this factor on cluster size
could not be investigated.

The factors associated with cluster size were not identi-
cal to those associated with clustering overall (5). Whereas
younger adults were more likely to have clustered strains
and to be in large clusters, female patients were more
likely to have clustered strains but among clustered case-
patients, male patients were more likely to be in large clus-
ters. Known contact with a previous tuberculosis patient
is an important risk factor for tuberculosis, especially for
women in this population (17). It may be that women are
particularly likely to become infected at home (and there-
fore be in small clusters) and that men are more likely to
become infected outside the home, sometimes from outside
the area (seen as unique strains) and sometimes as part of
large clusters.

We found no evidence of an association of cluster size
with HIV status, although we had previously found HIV

to be associated with clustering among older patients (5).
The effect of HIV infection on clustering is complex since
it depends both on the biologic effects of HIV (increasing
the risks for active disease—perhaps to different extents for
primary and postprimary disease—and decreasing infec-
tiousness) and on any tendency for HIV and tuberculosis to
affect the same subpopulations with shared risk factors.

Strain virulence was assessed by examining the pro-
portion of patients who died: there was no association with
cluster size either overall, or separately, in HIV-positive or
-negative patients (data not shown). Virulent strains could
lead to large clusters if virulence were associated with in-
creased transmission rates or increased rates of disease af-
ter infection (3). However, virulent strains could have less
opportunity to transmit if the severity of symptoms leads to
early treatment or death, thus reducing the duration of the
infectious period.

Evidence that strain characteristics may have contrib-
uted to cluster size comes from the finding that the spo-
ligotypes of most of the common RFLP-defined strains
in this study were identical to, or only 1 spacer different
from, widespread spoligotypes already described. Unique
RFLP-defined strains from smear-positive patients in the
early part of the study were used as a comparison group.

Table 4. Spoligotypes for the RFLP-defined large cluster strains with at least 5 bands*

No. bands on No. examples Spoligotype octal International

Strain no. RFLP spoligotyped description classification Comment
Kps4l 11 5 777777606060771 59 Widespread
Kps20 8 3 777777606060771 59 Widespread
Kps21 8 2 777777606060771 59 Widespread
Kps10 10 1 777777606060771 59 Widespread

1 777777206060771 Not recorded
Kps12 9 3 577777606060771 Not recorded
Kps64 9 2 777777606060771 59 Widespread

1 777437606060731 Not recorded
Kps121 13 2 700777747413771 129 3 recorded, Zimbabwe,

French Guiana

Kps104 14 2 703377400001771 21 Widespread

1 703377400001631 Not recorded
Kps44 16 5 T777T7777760771 53 Widespread
Kps97 22 2 000000000003771 1 Widespread, Beijing

*RFLP, restriction fragment length polymorphism.
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Smear-positive case-patients were chosen to maximize the
likelihood of transmission occurring; early cases were used
to allow time for secondary cases to have been identified
if they had occurred. These unique strains were less likely
than the large cluster strains to have spoligotypes that were
closely related to widespread types, but this difference was
not statistically significant, and the spoligotypes that were
found in the large cluster strains were also found among
the unique strains. Interestingly, strain kps121, which was
the only large cluster strain with a spoligotype not closely
related to a widespread previously described type, was also
the 1 large cluster strain that was clearly decreasing in the
Karonga population.

The finding of large cluster strains with previously
described widespread spoligotypes may suggest that these
strains are particularly transmissible or particularly likely
to cause disease. Other possibilities are that they are older
in evolutionary terms, and thus have had more time to be-
come widespread, or that we are seeing a founder effect
in some populations with subsequent spread following hu-
man migration patterns. Spoligotype 59 was common in
the Malawi population in all groups of patients, clustered
and unique, and was associated with a wide diversity of
RFLP patterns, which suggests that it may be a longstand-
ing strain in this area. It was also the most common spoli-
gotype found in studies in Zimbabwe and Zambia (18,19).
However, spoligotype 59 was particularly common among
the isolates from large clusters, with more closely related
RFLP patterns, consistent with some variants having high
transmissibility. Spoligotype 59 has been classified as be-
longing to the Latin-American-Mediterranean lineage (18),
and as part of the strain family Southern Africa Family 1
(19). The large cluster strain kps97 had a Beijing spoligo-
type and in total, we have previously identified 44 patients
with Beijing strains in this dataset, with 12 different RFLP
patterns (14). Beijing strains have been associated with in-
creased virulence and growth rates in vitro (20-22). That
there are true differences in strain characteristics between
other clustered and nonclustered strains is beginning to be
established in in vitro studies from other populations (23).
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Spotted Fever Group Rickettsiae
In Ticks, Morocco

Mhammed Sarih,*! Cristina Socolovschi,t! Najma Boudebouch,* Mohammed Hassar,*
Didier Raoult,t and Philippe Parolat

A total of 370 ticks, encompassing 7 species from 4
genera, were collected during 2002-2006 from domestic
animals and vegetation in the Taza region of northeastern
Morocco. Rickettsial DNA was identified in 101 ticks (27%)
by sequencing PCR products of fragments of the citrate
synthase and outer membrane protein genes of Rickettsia
spp. Seven rickettsiae of the spotted fever group were iden-
tified, including 4 pathogens: R. aeschlimannii in Hyalomma
marginatum marginatum, R. massiliae in Rhipicephalus
sanguineus, R. slovaca in Dermacentor marginatus, and
R. monacensis in Ixodes ricinus. Two suspected pathogens
were also detected (R. raoultii in D. marginatus and R. hel-
vetica in |. ricinus). An incompletely described Rickettsia sp.
was detected in Haemaphysalis spp. ticks.

Tick—borne rickettsioses are infections caused by obli-
gate intracellular gram-negative bacteria of the spot-
ted fever group (SFG) in the genus Rickettsia and the or-
der Rickettsiales. These zoonoses are now recognized as
emerging vector-borne infections worldwide (1,2). They
share characteristic clinical features, including fever, head-
ache, rash, and occasional eschar formation at the site of
the tick bite. Although these diseases have been known for
a long time, they have been poorly investigated in northern
Africa, including Morocco (2).

Two human tick-borne SFG rickettsioses are known to
occur in Morocco. Mediterranean spotted fever, caused by
Rickettsia conorii conorii, is transmitted by the brown dog
tick, Rhipicephalus sanguineus, which is well adapted to
urban environments and is endemic to the Mediterranean
area (2). In Morocco, clinicians usually consider patients

*Institut Pasteur du Maroc, Casablanca, Morocco; and tWorld
Health Organization Collaborative Center for Rickettsioses and
Other Arthropod Borne Bacterial Diseases, Marseille, France

DOI: 10.3201/eid1407.070096
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with spotted fever as having Mediterranean spotted fever.
However, in 1997, Beati et al. isolated a new rickettsia, R.
aeschlimannii, from Hyalomma marginatum marginatum
ticks collected in Morocco (3). In 2002, human infection
with this rickettsia was reported in a patient returning from
Morocco to France (4).

To date, all studies on rickettsioses conducted in
Morocco have been based on only clinical and serolog-
ic features. However, the number of representatives of
the genus Rickettsia and the number of newly described
rickettsioses have increased in recent decades because of
improved cell culture isolation techniques and extensive
use of bacterial detection and identification by molecular
biologic techniques (2). Comparison of the sequences of
PCR-amplified fragments of genes encoding 16S rRNA,
citrate synthase (gltA), or outer membrane protein (OmpA)
has become a reliable method for identifying rickettsiae in
arthropods, including ticks (1). Therefore, our aim was to
detect and characterize rickettsiae in hard ticks collected
in Morocco by using PCR and sequence analysis of am-
plified products and to discuss their potential threat for
humans and animals.

Materials and Methods

Collection and Identification of Ticks

From April 2002 through March 2006, ticks were
collected from domestic animals (livestock and dogs)
and by flagging vegetation at sites in the Taza region in
northeastern Morocco. These sites were located between
the towns of Babboudir and Babezhare, (34°12'48.81"N,
4°0'55.63""W) in the Atlas Mountains, situated 40 km from
the city of Taza and 90 km from the city of Fez. All ticks
collected were adults and morphologically identified to the
These authors contributed equally to this article.
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species or genus level by using standard taxonomic keys.
Ticks were kept in ethanol at room temperature until DNA
was extracted in the Laboratoire des Maladies Vectorielles,
Institut Pasteur du Maroc, Casablanca, Morocco. DNA
samples were thereafter sent to the Unité des Rickettsies in
Marseille, France.

PCR Detection and Identification of Rickettsia spp.
Ticks were rinsed with distilled water for 10 min,
dried on sterile filter paper in a laminar flow hood, and
crushed individually in sterile Eppendorf (Hamburg, Ger-
many) tubes. DNA was extracted by using the QIAamp
Tissue Kit (QIAGEN, Hilden, Germany) according to the
manufacturer’s instructions. Rickettsial DNA was detect-
ed by PCR by using primers Rp CS.409p and Rp CS.1258n
(Eurogentec, Seraing, Belgium), which amplify a 750-bp
fragment of the gltA gene of Rickettsia spp. as described
(5). All ticks positive for gltA were tested for the ompA
gene of Rickettsia spp. by using primers Rr. 190.70 and
Rr. 190.701, which amplify a 629-632-bp fragment (5). A
negative control (distilled water instead of tick DNA tem-
plate) and a positive control (DNA from R. montanensis)
were included in each test. All PCRs were conducted in
Marseille by using the GeneAmp PCR System 2400 and
9700 thermal cyclers (PerkinElmer, Waltham, MA, USA).
Amplification products were analyzed after electrophore-
sis on a 1% agarose gel stained with ethidium bromide.
To identify detected Rickettsia spp., PCR products were

purified and sequencing was performed as described (5).
All sequences obtained were assembled and edited with
Auto Assembler software version 1.4 (PerkinElmer). Se-
quences were analyzed by BLAST (www.ncbi.nlm.nih.
gov/blast/Blast.cgi) sequencing analysis of sequences in
the GenBank database.

Molecular Identification of Ticks

To help identify the ticks at the species level, molecular
tools were used for some ticks that had not been morpho-
logically identified at the species level and that were posi-
tive for rickettsiae. Amplification by PCR with T1B and
T2A primers and sequencing of a 338-bp amplified frag-
ment of the 12S rRNA gene of the ticks were performed as
described (6).

Results

A total of 370 specimens representing 7 species and
4 genera of ticks were collected. Tick species identified
by taxonomic keys included Rh. sanguineus (106 speci-
mens), Rh. bursa (76), Rh. turanicus (25), Haemaphysalis
sulcata (79), Ha. punctata (6), Ixodes ricinus (14), and
Dermacentor marginatus (11) (Figure). Some ticks, in-
cluding engorged females or damaged specimens, were
identified to genus only (18 Haemaphysalis sp. and 35
Hyalomma sp.). Most ticks (337) were collected from
domestic animals; the rest were collected by flagging of
vegetation (Table).

Figure. Distribution of ticks in Morocco from which rickettsial DNA was detected by PCR. A) Rhipicephalus sanguineus, B) Haemaphysalis
sulcata, C) Ha. punctata, D) Ixodes ricinus, E) Hyalomma marginatum marginatum, F) Dermacentor marginatus. Green circles indicate
areas where ticks were collected and found to harbor rickettsiae. Ovals indicate distribution of each tick species in which rickettsial DNA

was detected by PCR.
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Rickettsial DNA was detected in 101 (27%) of 370
ticks by using a gltA PCR. Three (8.6%) of 35 Hyalomma
spp. ticks contained rickettsia DNA with a gltA gene frag-
ment that was 99.1% (765/772 bp) similar to that of R. ae-
schlimannii and 100% similar to the ompA gene of R. ae-
schlimannii. A 237-bp fragment of tick mitochondrial 12S
rDNA gene was obtained from one of the R. aeschliman-
nii—infected ticks. The sequence of this fragment enabled
definitive identification of the tick to the species level, with
100% similarity to H. marginatum marginatum (GenBank
accession no. AF150034).

Five (4.7%) of 106 Rh. sanguineus ticks were posi-
tive for rickettsial DNA by PCR. For all samples, sequence
analyses showed 99.8% (636/637) similarity with the gltA
sequence and 100% similarity with the ompA sequence of
R. massiliae. One R. massiliae—infected tick was evaluated
by PCR amplification of the tick mitochondrial 12S rDNA
gene; sequence analyses showed 99.6% (235/236) simi-
larity to the corresponding 12S rDNA of Rh. sanguineus
(GenBank accession no. AF133056).

A total of 5 (45.5%) of 11 D. marginatus ticks con-
tained a rickettsia with a nucleotide sequence of gItA that
was 99.2% (635/640 bp) similar to R. slovaca and 100%
(533/533 bp) similar to the ompA sequence of R. slovaca.
Rickettsial DNA was detected in 1 other specimen of D.
marginatus. Amplified gltA and ompA fragments were se-

Spotted Fever Group Rickettsiae in Ticks, Morocco

quenced and showed 99.3% (560/564 bp) similarity with
the gltA gene of R. raoultii and 100% similarity with the
ompA gene of R. raoultii.

Five (35.7%) of 14 specimens of I. ricinus were posi-
tive by gltA PCR. Sequence analyses showed 100% homol-
ogy with the corresponding gltA sequence of R. monacen-
sis. OmpA sequences were obtained and showed 99.7%
(585/587 bp) similarity with the corresponding sequence
of R. monacensis. Four (28.6%) of 14 1. ricinus ticks con-
tained rickettsia with nucleotide sequences of gltA with
99.8% (633/634 bp) similarity to R. helvetica. The primer
set Rr.190.70p-Rr.190.701n failed to amplify an ompA
product in any specimens that were positive for the gltA
gene of R. helvetica.

Sixty-one (77.2%) of 79 Ha. sulcata ticks, 3 (50%) of 6
Ha. punctata ticks, and 14 (77.7%) of 18 Haemaphysalis spp.
ticks were positive by PCR for the primer set Rp CS.409p and
Rp CS.1258n for the gItA gene. The glItA sequences obtained
were different from all known Rickettsia spp. sequences de-
posited in GenBank. The most closely related sequence of
gItA was designated “Ricketttsia endosymbiont of Haema-
physalis sulctata” (99.4% similarity; 484/487 bp). The next
most closely related sequence of gltA, with 96% similarity,
was R. felis. Results of the PCR with the ompA primer set
Rr.190.70p-Rr.190.701n were negative for all Haemaphysa-
lis spp. ticks that were positive for the gItA gene.

Table. Detection and identification of spotted fever group Rickettsia spp. from ticks collected in Morocco, by PCR and DNA sequencing

Rickettsial gene
targeted/no. ticks positive

Tick species (no. specimens

Identification by

gene sequence GenBank accession

tested) Host by PCR/no. examined* (no. identified/no. tested) no.
Dermacentor marginatus (11) Vegetation gltA/6/11 R. slovaca (5/6), U59725, DQ365803
R. raoultii (1/6)
ompA/6/6 R. slovaca (5/6), U43808, DQ365799
R. raoultii (1/6)
Hyalomma marginatum Domestic animals gltA/3/35 R. aeschlimannii u59722
marginatum (35)
ompA/3/3 R. aeschlimannii DQ379982
Haemaphysalis sulctata (79) Domestic animals gltA/61/79 “Rickettsia endosymbiont of DQ081187
Ha. Sulctata” (“R. kastelanii”)
ompA/0/61 - -
Ha. punctata (6) Domestic animals glItA/3/6 “Rickettsia endosymbiont of DQ081187
Ha. Sulctata” (“R. kastelanii”)
ompA/0/3
Haemaphysalis sp. (18) Vegetation gltA/14/18 “Rickettsia endosymbiont of DQ081187
Ha. Sulctata” (“R. kastelanii”)
ompA/0/14 - -
Ixodes ricinus (14) Vegetation gltA/9/14 R. monacensis (5/9), AF140706, U59723
R. helvetica (4/9)
ompA/5/9 R. monacensis (5/9) AJ427885
Rhipicephalus sanguineus (106) Domestic animals gltA/5/106 R. massiliae U59720
ompA/5/5 R. massiliae u43792
Rh. bursa (76) Domestic animals gltA/0/76 - -
Rh. turanicus (25) Domestic animals gltA/0/25 - —
*gltA, citrate synthase A; ompA, outer membrane protein A. Only ticks positive for the gltA gene were tested for the ompA gene.
Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 14, No. 7, July 2008 1069
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None of the Rh. bursa and Rh. turanicus ticks har-
bored rickettsiae. All GenBank accession numbers used to

compare sequences obtained from ticks are shown in the
Table.

Discussion

Before this study, only 2 SFG rickettsiae pathogenic to
humans had been described in Morocco, R. conorii conorii,
the agent of Mediterranean spotted fever, and the recently
described R. aeschlimannii (2,3). In our study, in addition
to R. aeschlimannii, we identified 3 other SFG pathogenic
rickettsiae in Morocco: R. massiliae, R. slovaca, and R.
monacensis. Furthermore, 2 tick-borne SFG Rickettsia spp.
presumptively associated with human illnesses, R. helveti-
ca and R. raoultii, and an undescribed bacterium have been
identified.

DNA extraction and PCR were performed in different
locations (Morocco and France), and all results were sup-
ported by 2 sets of primers. The gItA primers used in the
first screening are known to amplify all known tick-borne
rickettsiae (7). A second set of primers targeting the ompA
gene was used to confirm positive results, although some
rickettsia (e.g., R. helvetica) cannot be amplified by using
this set. There were no cases in which multiple species of
rickettsiae were detected in an infected tick, as in most of
the similar molecular surveys published (1,2). Our results
did not address prevalence and distribution of rickettsiae
detected. Systematic sampling was not conducted. Also,
some tick samples tested with rickettsial primers have not
been tested with tick primers in parallel. Therefore, inhibi-
tors that could be responsible for false-negative results and
underestimation of infection rates cannot be ruled out.

R. aeschlimannii was isolated from H. marginatum
marginatum ticks collected in Morocco in 1997 (3). This
rickettsia has also been detected in H. marginatum rufipes
ticks in Zimbabwe, Niger, and Mali; in H. marginatum
marginatum in Portugal, Croatia, Spain, Greece, Algeria,
and Egypt; and in both ticks in Corsica (2,8,9). H. mar-
ginatum marginatum is also known as the Mediterranean
Hyalomma and may represent up to 42% of ticks found on
cattle in Morocco. This tick is also a suspected reservoir
of R. aeschlimannii because transstadial and transovarial
transmission have been reported (8). As a result, the distri-
bution of R. aeschlimannii may parallel that of H. margin-
atum marginatum.

In 2002, the pathogenic role of infection with R. ae-
schlimannii was demonstrated by PCR and serologic test-
ing in a patient who returned to France from Morocco (4).
Clinical signs in this 36-year-old man were fever, gener-
alized maculopapular rashes, and a vesicular lesion of the
ankle that became necrotic and resembled the typical tache
noire of Mediterranean spotted fever. A second case was
identified in a patient in South Africa in 2002 (10). This pa-
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tient had an eschar around the attachment site. No addition-
al symptoms developed, and treatment with antimicrobial
drugs may have prevented progression of the syndrome.

A total of 4.7% of the Rh. sanguineus ticks tested were
infected by R. massiliae. This rickettsia was isolated from
Rh. sanguineus ticks collected near Marseille, France, in
1992 (11). It has been also found in Rh. sanguineus and Rh.
turanicus in Greece, Spain, Portugal, Switzerland, central
Africa, and Mali (2,12,13). Eremeeva et al. (14) recently
reported detection and isolation of R. massiliae from 2 of
20 Rh. sanguineus ticks collected in eastern Arizona in the
United States. R. massiliae may be commonly associated
with these ticks, which are distributed worldwide. Trans-
stadial and transovarial transmission of rickettsia in ticks
has been reported (13).

In 2003, serologic findings from Spain showed that in
5 of 8 serum samples titers against R. massiliae were higher
than those against R. conorii, the agent of Mediterranean
spotted fever (12). The authors analyzed clinical symptoms
of patients with strong serologic reactions against R. massil-
iae antigens but did not find relevant clinical differences
between these patients and those with Mediterranean spot-
ted fever. However, it is generally recognized that there are
relatively few clinical differences among the different spot-
ted fever diseases, and these differences are occasionally
not taken into account by clinicians when reporting clinical
data of patients (12). The only confirmed case of a person
infected with R. massiliae was a patient hospitalized in Sic-
ily, Italy. This patient had fever, a maculopapular rash on
the palms of his hands and the soles of his feet, an eschar,
and hepatomegaly. The strain of R. massiliae was isolated
in Vero cells in 1985 and stored for 20 years in Sicily, but
was not definitively identified until 2005 at the Unité de
Rickettsies in Marseille, France (15).

The third SFG pathogenic rickettsia found in our study
was R. slovaca in 5 (45.5%) of 11 D. marginatus. R. slo-
vaca, which was identified in Dermacentor spp. ticks in
Slovakia in 1968, has been subsequently found in D. mar-
ginatus and D. reticulatus in France, Switzerland, Portu-
gal, Spain, Armenia, Poland, Bulgaria, Croatia, Russia, and
Germany (2,16). These ticks may act as vectors and reser-
voirs of R. slovaca, which is maintained in ticks through
transstadial and transovarial transmission (17). Human
infection with R. slovaca was reported in France in 1997.
Patients with similar clinical signs were observed in Spain,
Bulgaria, and Hungary, where the syndrome was known
as tick-borne lymphadenopathy or Dermacentor-borne
necrosis erythema lymphadenopathy because of eschar at
the tick bite site in the scalp and cervical lymphadenopathy
(2,18-20). The incubation period ranges from 4 to 15 days.
Low-grade fever and rash were present. The acute disease
can be followed by fatigue and residual alopecia at the bite
site (16,21). Recently, Gouriet et al. reported 14 new cases
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with tick-borne lymphadenopathy and Dermacentor-borne
necrosis erythema lymphadenopathy in southern France
during January 2004-May 2005 (22). In this group, tick-
borne lymphadenopathy occurred mainly in young children
and women and during the colder months (22). Overall,
data in our study indicate that clinicians should be aware
that this tick-related disorder may be found in Morocco.

R. raoultii is a recently described SFG rickettsia (23).
In 1999, three new rickettsial genotypes, RpA4, DnS14,
and DnS28, were identified in ticks collected in Russia by
using PCR amplification and sequencing of 16S rDNA,
gltA, and ompA genes. Genotypes identical to DnS14,
DnS28, and RpA4 were thereafter detected in various ar-
eas in Russia and Kazakhstan in D. reticulatus, D. margi-
natus, and D. silvarum (24), in Germany and Poland in D.
reticulatus (25,26), and in Spain, France, and Croatia in
D. marginatus (23). Recently, cultivation of 2 rickettsial
isolates genetically identical to Rickettsia sp. genotype
DnS14, two rickettsial isolates genetically identical to
Rickettsia sp. genotype RpA4, and 1 rickettsial isolate ge-
netically identical to Rickettsia sp. genotype DnS28 was
described (23). These isolates have been shown to ful-
fill the requirements for their classification within a new
species, R. raoultii, by using multigene sequencing (16S
rDNA, gltA, ompA, ompB, sca4, ftsY, and rpoB genes) and
serotyping techniques (23,27). In our study, we detected
R. raoultii in D. marginatus in Morocco. This tick is found
in the cooler and more humid areas of the Mediterranean
region associated with the Atlas Mountains. It is restricted
to small areas of Morocco and Tunisia (28). Detection of
R. raoultii in Morocco is of clinical relevance because it
is suspected to be a human pathogen. In 2002, it was de-
tected in D. marginatus obtained from a patient in France
in whom typical clinical symptoms of tick-borne lymph-
adenopathy developed (23).

R. helvetica is another species identified in Morocco
in this study. It is one of the few SFG species in which
a commonly used ompA primer set does not amplify a
PCR product (7,29). However, sequencing gltA enabled
definitive identification. R. helvetica was isolated in Swit-
zerland from I. ricinus in 1979 and has been identified in
many European countries, where the tick is both a vec-
tor and a reservoir (2). The distribution of R. helvetica
is not limited to Europe but extends into Asia (30). Our
data show that the distribution of this bacterium extends
into northern Africa. A small population of I. ricinus is
present in Tunisia, Algeria, and Morocco. Our study was
conducted in Taza, a humid area in the middle of the Atlas
Mountains, which was the only site in Morocco that con-
tained I. ricinus ticks (2).

R. helvetica was considered to be a nonpathogenic
rickettsia for =20 years after its discovery. However, in
1999 it was implicated in fatal perimyocarditis in patients
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in Sweden (31). The authors of this study subsequently re-
ported a controversial association between R. helvetica and
sarcoidosis in Sweden (32) and found R. helvetica DNA in
human aortic valves (33). However, the validity of these
associations has been questioned by some rickettsiologists
(2), and additional studies did not detect antibodies to rick-
ettsia in a group of Scandinavian sarcoidosis patients (34).
In 2000, seroconversion for R. helvetica was described in
a patient in France with a nonspecific febrile illness (35).
Serologic data, including cross-absorption and Western
blotting, supported R. helvetica as the cause of disease.
During 2003-2007, serologic findings in tickbite patients
or in patients with fever of unknown origin from Switzer-
land, Italy, France, and Thailand were suggestive of acute
or past R. helvetica infection (5,36). The few patients with
a serology-based diagnosis had relatively mild, self-limited
illnesses associated with headache and myalgias, and had
a rash or eschar less frequently. Additional evaluation and
isolation of the bacterium from clinical samples are needed
to confirm the pathogenicity of R. helvetica.

We have detected in |. ricinus ticks a bacterium known
as R. monacensis that was isolated from I. ricinus collected
in 1998 in a park in Munich, Germany (37). This rickett-
sia is also found in the literature by other names such as
the Cadiz agent found in Spain and Rickettsia IRS3 and
IRS4, detected in Slovakia and Bulgaria. More recently, it
has been identified in I. ricinus in Hungary (38). Recently,
2 human cases of infection with R. monacensis were docu-
mented in Spain (39). Investigators isolated this agent from
the blood of 2 patients with Mediterranean spotted fever—
like illnesses. The first patient was an 84-year-old man
from La Rioja, Spain. He had fever and maculopapular rash
without any inoculation eschar. The second patient was a
59-year-old woman from the Basque region of Spain. She
had a history of a tickbite, fever, and a rash at the tickbite
site (39). With our results, R. monacensis joins the list of
autochthonous Rickettsia spp. confirmed as human patho-
gens in Morocco.

A total of 69% of Haemaphysalis spp. ticks tested
harbored an incompletely described rickettsia. A closely
related gItA sequence was found in GenBank as Rickett-
sia endosymbiont of Haemaphysalis sulctata. Duh et al.
detected this bacterium in Ha. sulcata ticks collected from
sheep and goats in southern Croatia (40). Using molecular
analysis of the complete gltA gene and a portion of ompB,
these authors detected this bacterium in 795 (22.8%) ticks
tested. Similar to our findings, these researchers could not
amplify DNA by PCR for the ompA gene with the primers
Rr. 190.70-Rr. 190.701. Identification and isolation of this
bacterium are needed until the name provisionally proposed
by Duh et al, “R. kastelanii” (40), is accepted (41).

These findings demonstrate that species of ticks and
several pathogens causing tick-transmitted diseases may
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be prevalent in the same area. Our study also detected R.
slovaca, R. helvetica, R. monacensis, R. raoultii, and an in-
completely described rickettsia in Morocco. Clinicians in
Morocco and those who may see patients returning from this
country should be aware that many species of rickettsiae are
present in this region and should consider a range of spotted
fever rickettsial diseases in differential diagnosis of patients
with febrile illnesses. Our data increase information on dis-
tribution of SFG rickettsiae in Morocco. Additional studies
are needed to determine the epidemiologic and clinical rel-
evance of different rickettsioses in this region.
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Transmission of Bartonella henselae
by Ixodes ricinus
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Bartonella spp. are facultative intracellular bacteria
associated with several emerging diseases in humans
and animals. B. henselae causes cat-scratch disease and
is increasingly associated with several other syndromes,
particularly ocular infections and endocarditis. Cats are
the main reservoir for B. henselae and the bacteria are
transmitted to cats by cat fleas. However, new potential
vectors are suspected of transmitting B. henselae, in par-
ticular, Ixodes ricinus, the most abundant ixodid tick that
bites humans in western Europe. We used a membrane-
feeding technique to infect I. ricinus with B. henselae and
demonstrate transmission of B. henselae within I. ricinus
across developmental stages, migration or multiplication
of B. henselae in salivary glands after a second meal, and
transmission of viable and infective B. henselae from ticks
to blood. These results provide evidence that I. ricinus is a
competent vector for B. henselae.

Bartonella spp. are facultative intracellular bacteria as-
sociated with several emerging diseases in humans
and animals (1). Domestic animals and wildlife represent
a large reservoir for Bartonella spp., and at least 10 species
or subspecies have been reported to cause zoonotic infec-
tions. B. henselae causes cat-scratch disease, possibly the
most common zoonosis acquired from domestic animals in
industrialized countries and is becoming increasingly asso-
ciated with other syndromes, particularly ocular infections
and endocarditis (2-6). Although cat fleas are well-estab-
lished vectors for B. henselae (7—10), transmission by other
arthropods, in particular ticks, has been suggested (11-13).
Ixodes ricinus is the most widespread and abundant ixodid
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tick in western Europe and is frequently associated with
bites in humans. It is a vector of emerging zoonotic patho-
gens including Borrelia burgdorferi sensu lato (14), Ana-
plasma phagocytophilum (15), and Babesia spp. (16).

Direct proof of transmission of Bartonella spp. by a
tick was reported by Noguchi in 1926 (17), who described
experimental transmission of B. bacilliformis (cause of
Oroya fever) to monkeys by Dermacentor andersoni. In
this study, ticks were allowed to feed on infected monkeys
for 5 days. After removal, partially engorged ticks were
placed on healthy monkeys in which disease then devel-
oped. This study showed that ticks could acquire and trans-
mit the bacteria but did not demonstrate their vector compe-
tence or transtadial transmission throughout the tick’s life
cycle. Since this early study, the role of ticks in Bartonella
spp. transmission has been strongly implied but never de-
finitively demonstrated. Bartonella spp. DNA was detected
in questing and engorged nymphs and adults Ixodes spp.
collected in North America, Europe, and Asia (13,18-26).
If one considers that ixodid ticks feed only once per stage,
Bartonella spp. DNA in questing ticks suggests transtadial
transmission of these bacteria.

Other observations support Bartonella spp. trans-
mission by ticks. Co-occurrence of Bartonella spp. with
known tick-borne pathogens such as B. burgdorferi sensu
lato, A. phagocytophilum, or Babesia spp. is not a rare
event in ticks and hosts (13,19,24,27). A study conducted
in a veterinary hospital in the United States (California)
demonstrated that all dogs with endocarditis and infected
with Bartonella spp. were also seropositive for A. phago-
cytophilum (28). In humans, several case studies have
reported patients with concurrent Bartonella seropositiv-
ity and detection of Bartonella spp. DNA in their blood,
along with B. burgdorferi infection of the central nervous
system after tick bites (11,29). Moreover, Bartonella spp.
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DNA has been detected in human blood cells after a tick
bite (30), and 3 patients with B. henselae bacteremia who
had no history of contact with cats but had sustained tick
bites were reported in Texas (12). Finally, tick exposure
was determined to be a risk factor associated with B. vin-
sonii seropositivity in dogs (31).

Because Bartonella spp. are emerging human patho-
gens and Ixodes spp. can transmit a large spectrum of
pathogens to humans, the capability of Ixodes spp. in trans-
mitting human pathogenic Bartonella spp. should be deter-
mined. We used a membrane-feeding technique to infect I.
ricinus with B. henselae, and investigated transtadial and
transovarial transmission of viable and infective bacteria
and putative transmission from tick saliva to blood during
artificial blood meals.

Materials and Methods

Ticks

. ricinus ticks were collected from the forest of Gavre
(Loire-Atlantique, France) in 2006 by flagging vegetation
as described (32). Ticks were reared and maintained in
chambers with a relative humidity of 80%-90% at 22°C
before feeding on artificial skin. A total of 217 whole ticks
were tested for Bartonella DNA.

Culturing of B. henselae

B. henselae (Houston-1 ATCC 49 882) were grown on
5% defibrinated sheep blood Columbia agar (CBA) plates,
which were incubated at 35°C in an atmosphere of 5% CO,.
After 10 days, bacteria were harvested, suspended in sterile
phosphate-buffered saline (PBS), and used immediately for
artificial feeding of ticks.

Housing of Cats

Three healthy male European cats were used (12—14
months of age, weight = 3.2—4.6 kg at the beginning of the
study). These cats, which were bred by Harlan (Indianapo-
lis, IN, USA), were imported at 9 months of age. Before
the study, animals underwent clinical examinations and
showed no signs of disease. Absence of Bartonella spp.
was confirmed by blood culture, tests for DNA of Barto-
nella spp., and serologic analysis. Animals were housed
singly in cages in compliance with European guidelines
(cage surface 6,000 cm?, cage height 50 cm). Animals were
allowed to acclimate for 3 months to the facility, diet, and
handling before the first blood sample was taken and subse-
quent infection. Animals were fed ad libitum with standard
feline maintenance diet (Harlan) and received water with
no restrictions. Animal care was provided in accordance
with the good animal care practice.
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Feeding of I. ricinus Ticks with Ovine Blood

The general experimental framework of artificial feed-
ing is shown in Figure 1. Ovine blood used in all experi-
ments was obtained from 3 sheep reared at the National
Veterinary School in Nantes, France. Absence of Barto-
nella spp. in the blood of these sheep was confirmed by
culture assay and tests for DNA of Bartonella spp. by PCR.
Lithium heparin—coated vacutainer tubes (Becton Dickin-
son, Le Pont de Claix-Cedex, France) were used to draw
blood by venipuncture. Blood was depleted of functional
complement by heat treatment (incubation for 30 min at
56°C) before use. To avoid fungal and bacterial contami-
nation during feeding experiments, decomplemented blood
was supplemented with fosfomycin (20 pg/mL) and am-
photericin B (0.25 pg/mL), which were previously deter-
mined to have no effect on B. henselae viability.

Feeding of Ticks with B. henselae—Infected Blood

The method of artificial feeding used in this study was
adapted from the method of Bonnet et al. (33). Ticks were
placed in 75-cm? tissue culture flasks pierced at the top to
accommodate a 4-cm diameter glass feeder. The feeder ap-
paratus was closed with a parafilm membrane at the top and

55 female adults

200 larvae 178 nymphs
|

I First blood meal on B.henselae--infected blood I

v

47 nymphs

7\

9 nymphs 18 nymphs
Bartonella |

30 female adults 9 layings

/N /N

6 females 13 females 9 pools of eggs 9 pools of larvae

Bartonella
detection
(PCR)

Bartonella
detection
(PCR)

Bartonella
detection
(PCR)

detection
(PCR)

I Second blood meal on uninfected blood meal (partial feeding during 84 h) I

!
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(PCR and culture) - (PCR and culture) -

Bartonella
detection in blood
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Figure 1. Experimental framework of Ixodes ricinus tick infection
by Bartonella henselae—infected blood. Ticks (200 larvae, 178
nymphs, and 55 female adults) were engorged by feeding through
artificial skin on B. henselae—infected blood for 5 days for larvae, 12
days for nymphs, and 21 days for adults. Larvae and nymphs were
allowed to molt and engorged females were allowed to lay eggs. To
evaluate transtadial and transovarial transmission, Bartonella spp.
DNA was detected by PCR in salivary glands (SGs) and carcasses
of 9 nymphs, 6 female adults, 9 pools of eggs, and resulting pools
of larvae. Eighteen nymphs and 13 adult females fed on infected
blood at preceding stages were refed for 84 h on noninfected
blood. Bartonella spp. DNA was detected by PCR in SGs of 7
engorged nymphs and 3 engorged female adults. B. henselae
colonies were isolated from SGs of 3 nymphs and 4 adults and
from blood removed from feeders. Infectivity of B. henselae in SGs
was tested by infecting 2 cats with 1 pair of SGs from a potentially
infected nymph and 1 pair of SGs from a potentially infected adult,
respectively.
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a gerbil or rabbit skin membrane at the bottom. Gerbil skins
were used for feeding larvae and rabbit skins for feeding
nymphs and adults (33). To attract ticks, a constant temper-
ature (37°C) was maintained by a water-jacket circulation
system through the glass feeder. For blood infection, 10 pL
of B. henselae suspension at a concentration of 10° CFU/
mL in PBS was added to 10 mL of blood supplemented
with fosfomycin and amphotericin B. The culture box con-
taining ticks was placed under the feeding apparatus, and
3 mL of B. henselae—infected ovine blood, changed twice
a day, was introduced until the ticks were replete. To feed
adult ticks, an equal number of males (for reproduction)
and females were used. Separate apparatuses were used to
engorge 200 larvae, 178 nymphs, and 55 female adults. As
a control, 50 nymphs were fed under the same conditions
on uninfected decomplemented ovine blood.

After feeding, larvae and nymphs were allowed to molt
to nymphs and adults, respectively, and engorged females
were allowed to lay eggs. Between each feeding on skin,
ticks were starved for at least 2 months.

Feeding with Uninfected Blood of Ticks Infected
with B. henselae at Preceding Stages

Nymphs and adults fed on blood infected with B.
henselae at preceding stages were fed with uninfected, de-
complemented, ovine blood in 2 glass feeders as described
above. After 84 h of refeeding, nymphs and females at-
tached to the skin were removed and dissected. Bartonella
spp. DNA was detected every 24 h in blood from the first
48 h of attachment onward. At each time point, 3 mL of
blood was removed and centrifuged for 30 min at 3,000 x
0. The supernatant was aspirated, and the pellet (200 uL)
was used to detect bacterial DNA. After 84 h of feeding,
10 uL of blood was used for B. henselae culture.

Tick Dissection

Salivary glands (SGs) from |I. ricinus adults and
nymphs were dissected under a magnifying glass in ster-
ile PBS. All dissection material was cleaned with DNA-
off (Eurobio, Courtaboeuf, France) and rinsed with sterile
water between each sample. Individual pairs of tick SGs
and the remaining tick carcasses were suspended in 150 uL
of PBS before culture and used to infect cats or frozen at
—80°C until DNA extraction.

Detection of B. henselae in Tick and Blood Samples

DNA Extraction

Carcasses (ticks without SGs), entire ticks, and pools
of 50 larvae were mechanically disrupted as described (34).
Eggs were crushed by using a microtissue grinder and dis-
sected SGs were directly used for DNA extraction. DNA
was extracted from all tick samples by using the Nucleo-
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spin Tissue kit according to the manufacturer’s instructions
(Macherey-Nagel, Duren, Germany). DNA was extracted
from blood samples by using the Nucleospin Blood Quick
Pure kit (Macherey-Nagel). For carcasses and entire ticks,
the final elution volume was 100 pL for adults and 30 uL
for nymphs. For DNA from SGs, the final elution volume
was 50 pL for adults and 20 pL for nymphs. Pools of eggs,
larvae, and blood DNA were eluted in volumes of 50 pL.

PCR Amplification

Efficiency of tick DNA extraction was evalu-
ated in all samples by amplification of a fragment
of the tick mitochondrial 16S rRNA gene by us-
ing tick-specific primers TQI16S+1F (5-CTGCTCA
ATGATTTTTTAAATTGCTGTGG-3") and TQ16S-2R
(5'-ACGCTGTTATCCCTAGAG-3’) as described (35). A
seminested PCR was used to detect B. henselae DNA.
Amplification was initially performed with 5 uL of
DNA extract and universal bacteria primers amplifying
a 535-bp fragment of the 16S rRNA gene: pc535 (5'-
GTATTACCGCGGCTGCTGGCA-3") and p8 (5'AGAG
TTTGATCCTGGCTCAG-3").

The second seminested amplification was per-
formed with 5 pL of a 100-fold dilution of the first
PCR product and primers pc535 and bspl6F (5'-
TCTCTACGGAATAACACAGA-3") a 16S rRNA Barto-
nella spp.—specific primer, and resulted in amplification of
a 337-bp product. The PCR cycle was identical for both
amplification reactions: an initial denaturation step for 8
min at 94°C; 35 cycles of denaturation for 1 min at 94°C,
annealing for 1 min at 54°C, and extension for 1 min at
72°C; and a final extension step at 72°C for 10 min. Each
reaction was conducted in a total volume of 25 pL with 0.5
pmol/pL of each primer, 2.5 mmol/L of each dNTP, 2.5 pLL
of 10x PCR buffer, and 1 U of Taq DNA polymerase (Ta-
kara Biomedical Group, Shiga, Japan). Negative (ticks fed
on uninfected ovine blood) and positive (B. bacilliformis
DNA to easily detect any cross-contamination) controls
were included in each assay. All PCRs were performed in a
thermocycler MyCycler (Bio-Rad, Strasbourg, France).

Sequencing and Sequence Analysis

The expected 337-bp PCR product was isolated by
agarose gel electrophoresis, excised from the gel, purified
by using NucleoSpin Extract II (Macherey-Nagel), and
sent to QIAGEN (Hilden, Germany) for direct sequencing.
Sequences were compared with known sequences listed in
the GenBank nucleotide sequence databases by using the
BLAST search option of the National Center for Biotech-
nology Information (www.ncbi.nlm.nih.gov/BLAST).

B. henselae Culture from Tick SGs and Blood
After refeeding and dissection, 4 pairs of SGs from 4
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potentially infected adults females and 3 nymphs were incu-
bated in 1 mL of Schneider Drosophila medium (Invitrogen,
Cergy-Pontoise, France) at 35°C in an atmosphere of 5%
CO,. After 6 days of incubation, 10-uL samples were placed
on CBA plates. Ten microliters of blood was removed from
the glass feeder after 84 h of refeeding with adults suspected
of having B. henselae and incubated for 6 days in Schneider
Drosophila medium before being placed on CBA plates.

Infection of Cats with Adult and Nymph SGs
Potentially Infected with B. henselae

One cat was intravenously infected with 150 pL of PBS
containing SGs from refed adult ticks suspected of having B.
henselae; another cat was infected with 150 uL. of PBS. Be-
fore handling, cats were anesthetized with ketamine (10-15
mg/kg bodyweight) and diazepam (100 pg/kg bodyweight)
given intravenously. One milliliter of blood was obtained
from the jugular vein at days 7, 14, and 21 postinfection,
and 100 pL of blood dilutions (1:10, 1:100, and 1:1,000)
was directly placed on sheep blood CBA plates. Colonies
were counted and CFU/mL was estimated after incubation
for 10 days at 35°C in an atmosphere of 5% CO,,.

Results

Detection of Bartonella spp. DNA in
Questing I. ricinus Ticks

We tested 217 ticks collected in the forest of Gavre to
determine prevalence of Bartonella spp. DNA. None of the
98 nymphs, 49 female ticks, and 70 male ticks collected in
the forest showed amplification of the Bartonella spp. 16S
rRNA gene.

Transstadial Transmission of B. henselae
DNA by I. ricinus Ticks

A total of 433 1. ricinus ticks were used in 2 indepen-
dent experiments with feeding on artificial skin. Of these
ticks, 169 (84.5%) of 200 larvae, 111 (62.3%) of 178
nymphs, and 19 (34.5%) of 55 female adults were success-
fully engorged and spontaneously detached. After feed-
ing and detachment, all ticks were maintained in humid-
ity chambers to enable molting or laying of eggs. After 3
months, 47 larvae (27.8%) and 58 nymphs (30.1%) molted
into nymphs and adults (28 males and 30 females), respec-
tively. Of the 19 engorged females, 9 laid eggs.

Transmission of B. henselae by I. ricinus

Nine nymphs exposed to infection as larvae were test-
ed for B. henselae DNA. All carcasses showed amplifica-
tion of the expected 337-bp DNA fragment, and no ampli-
fication product was obtained from SGs. Four carcasses of
6 females exposed to B. henselae as nymphs showed the
337-bp DNA fragment, and no amplification product was
obtained with SGs (Table, Figure 2). No amplified frag-
ment was detected with DNA extracts from SGs or car-
casses of control ticks fed on uninfected blood. All PCR
products were sequenced and shared 100% identity with
the 16S rRNA gene of B. henselae Houston-1 (Genbank
accession no. BX897699).

Transovarial Transmission of B. henselae
DNA by I. ricinus Ticks

Among 9 pools of eggs laid by females fed on B.
henselae—infected blood, 3 showed amplification of the ex-
pected Bartonella spp.—specific 337-bp DNA fragment. No
amplification was obtained with larvae from eggs positive
or negative for Bartonella spp. DNA (Figure 2).

Transmission of Viable and Infective
B. henselae by I. ricinus Ticks

Eighteen nymphs and 13 female adults fed on B. hense-
lae—infected blood at preceding life stages were refed for 84
h with uninfected blood. DNA extracts were prepared from
SGs and carcasses of 7 partially engorged nymphs and 3
partially engorged females. Bartonella spp. DNA was am-
plified from carcasses and SGs of 4 nymphs and 1 female.
For 1 nymph and 1 female, the specific 337-bp DNA frag-
ment was amplified only in SG DNA extracts but not in
carcass extracts (Table; Figure 3, panel A). Four pairs of
SGs from 4 partially engorged females and 3 pairs of SGs
from 3 partially engorged nymphs were incubated separate-
ly in Schneider Drosphila medium for 6 days before being
placed on sheep blood agar. B. henselae colonies appeared
after 7 days for all SGs tested, which indicated the presence
of viable bacteria in SGs from adults and nymphs.

To determine whether B. henselae in SGs of nymphs
and adults were infective, we infected 2 healthy cats with 1
pair of SGs from a nymph and 1 pair of SGs from a female
adult. The cat infected with SGs from an adult became bac-
teremic 7 days after infection (5 x 105 CFU/mL at day7, 6
x 10° CFU/mL at day 14, and 1 x 10° CFU/mL at day 21),
and the cat infected with SGs from a nymph became bacte-

Table. Transtadial transmission of Bartonella spp. DNA in Ixodes ricinus ticks after feeding through artificial skin on B. henselae—

infected ovine blood

PCR detection after infectious blood meal and molting,
no. PCR-positive samples/no. samples tested (%)

PCR detection after partial refeeding,
no. PCR-positive samples/no. samples tested (%)

I. ricinus stage Carcasses Salivary glands Carcasses Salivary glands
Nymph 9/9 (100) 0/9 (0) 4/7 (57) 5/7 (71)
Female adult 4/6 (67) 0/6 (0) 1/3 (33) 2/3 (67)
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Figure 2. Seminested PCR detection of Bartonella spp. DNA in
Ixodes ricinus ticks fed on B. henselae—infected ovine blood at
preceding stage. Lane M, 100-bp DNA molecular mass marker;
lane Ags, salivary glands of a female adult fed on infected blood as
a nymph; lane A, carcass of a female adult fed on infected blood
as a nymph; lane Ngs, salivary glands of a nymph fed on infected
blood as a larva; lane N, carcass of a nymph fed on infected blood
as a larva; lane E, eggs laid by female adult fed on infected blood;
lane L, larvae hatched from female adult fed on infected blood; lane
T+, B. bacilliformis DNA; lane T—, nymph fed on uninfected ovine
blood.

M AgsA Ngs N E

remic after 14 days of infection (8 x 10° CFU/mL at day 14
and 2 x 10" CFU/mL at day 21).

Blood samples from feeders were obtained every 12 h
for the first 48 h to detect B. henselae. In the first 60 h, B.
henselae DNA or viable B. henselae was not detected in
blood samples. After 72 h of refeeding of infected ticks,
Bartonella spp. DNA was successfully amplified (Figure 3,
panel B), and B. henselae colonies were isolated from these
blood samples after preincubation for 6 days in Schneider
Drosophila medium, which indicated viability of the trans-
mitted bacteria.

Discussion

This study demonstrated transmission of B. henselae
by I. ricinus ticks across different developmental stages,
migration and multiplication of viable and infective B.
henselae in SGs after a second blood meal, and transmis-
sion of B. henselae from ticks to blood. These findings indi-
cate that |. ricinus is a competent vector for B. henselae.

Vector biologists and epidemiologists have suggested
that ticks may play a role in transmission of Bartonella spp.
(11,12,19,23,25,28,29). This suggestion was based on indi-
rect data for detection of bacterial DNA in ticks (18,19,24),
humans exposed to tick bites (30), or serologic evidence of
co-infection of humans with pathogens known to be trans-

1078

mitted by ticks (11,36). Difficulties in rearing I. ricinus and
lack of a rodent model for B. henselae infection may ex-
plain the absence of data demonstrating the role of this tick
as a vector of B. henselae. Recent development of an arti-
ficial method suitable for feeding ticks (33) enabled us to
study experimental infection of ticks with blood containing
B. henselae, to monitor B. henselae through various tick
stages, and to evaluate putative transmission of bacteria
from the tick to blood.

To select a tick population with the lowest Bartonella
spp- DNA prevalence, we estimated the prevalence of Bar-
tonella spp. DNA in questing I. ricinus collected in dif-
ferent areas in France. The lowest Bartonella spp. DNA
prevalence was in Loire-Atlantique (19 and unpub. data).
We thus used ticks collected in this area for our study.

We detected B. henselae DNA in 100% of carcasses
from nymphs and 67% of carcasses from adults fed on ovine
blood containing B. henselae at their preceding stages. No
B. henselae DNA was amplified in corresponding SGs in a
nested PCR, which is more sensitive than amplification of
the classic citrate synthase gene. This result demonstrat-
ed that bacteria could be ingested by I. ricinus larvae and
nymphs during feeding on artificial skin and that bacterial
DNA was maintained in the tick after molting. However,
no or undetectable numbers reached the SGs.

Although bacterial DNA was detected in eggs laid by
females fed on blood containing B. henselae, larvae ob-
tained from these eggs were PCR-negative for B. henselae.
This finding suggests external contamination of eggs with
DNA rather than transovarial persistence of bacteria.

When molted nymphs and female ticks potentially con-
taminated with B. henselae at their previous developmental
stage were refed on uninfected blood, viable B. henselae
were detected in SGs after 84 h of engorgement. Two hy-
potheses could explain the absence of detectable bacterial
DNA in SGs after an infected blood meal and molting,
when it becomes detectable after a partial refeeding blood
meal. The first hypothesis is that the 84-h refeeding peri-
od may act as a stimulus and enable migration of bacteria
from the gut to SGs of the tick as previously described for
B. burgdorferi sensu lato (14). The second hypothesis is
that this refeeding period may stimulate multiplication of
bacteria already present in SGs, but at undetectable levels.
More investigations are needed to validate one of these
hypotheses. Bacteria located in SGs of nymphs and adults
are infective because injection of 1 pair of infected SGs
into cats induced high levels of bacteremia. Cats became
bacteremic in the first 2 weeks after injection, as described
for cat infection with B. henselae by fleas, and bacteremia
levels were similar to those observed in cats infected by
flea bites (7,8).

Viable B. henselae in blood after 72 h of feeding of
ticks with B. henselae—infected ticks demonstrated its
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Figure 3. Seminested PCR detection of Bartonella spp. DNA after partial refeeding of infected ticks. A) Bartonella spp. DNA detection
in Ixodes ricinus ticks fed on B. henselae—infected blood at previous development stages and refed for 84 h on uninfected blood. Lane
M, 100-bp DNA molecular mass; lane A, carcass of female adult; lane Ags, salivary glands of female adult, lane N, carcass of nymph;
lane Ngs, salivary glands of nymph; lane T+, B. bacilliformis DNA; laneT—, nymph fed on uninfected ovine blood. B) Bartonella spp. DNA
detection in blood isolated from feeders. Lane M, 100-bp DNA molecular mass marker; lane 48, ovine blood after 48 h of tick attachment
on skin; lane 60, ovine blood after 60 h of tick attachment on skin; lane 72, ovine blood after 72 h of tick attachment on skin; lane 84, ovine
blood after 84 h of tick attachment on skin; lane T+, B. bacilliformis DNA.

transmission from the tick to the blood by mouthparts
of the ticks. The duration of multiplication or migration
described above would explain such a delay in bacterial
transmission.

Because our results have demonstrated competence of
I. ricinus for transmission of B. henselae, cat models of B.
henselae transmission by ticks are needed to confirm that
cats can be infected with B. henselae by tick bites. Fur-
ther investigations are also needed to evaluate the capacity
of 1. ricinus to transmit B. henselae to cats and humans.
Such transmission could occur because cats, although not
common hosts for I. ricinus, can be infested with this tick.
In France, attached . ricinus are commonly found on cats
brought to veterinarians (J. Guillot, pers. comm.). In Great
Britain, Ogden et al. (37) reported cats with woodland and
moorland habitats as hosts for I. ricinus. Podsiadly et al.
(38) reported B. henselae in cats and in . ricinus removed
from those cats in Poland.

In conclusion, we demonstrated by using feeding on
artificial skin that B. henselae, the cause of cat-scratch dis-
ease in humans, could be transmitted by ticks through sali-
va. Although further investigations are needed to clarify the
epidemiology of such transmission, health authorities must
take into account the possibility of bartonellosis in persons
exposed to tick bites, and B. henselae must be identified as
a tick-borne pathogen.
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We examined seasonality and annual trends for den-
gue cases among 522 returned travelers reported to the
international GeoSentinel Surveillance Network. Dengue
cases showed region-specific peaks for Southeast Asia
(June, September), South Central Asia (October), South
America (March), and the Caribbean (August, October).
Travel-related dengue exhibited annual oscillations with
several epidemics occurring during the study period. In
Southeast Asia, annual proportionate morbidity increased
from 50 dengue cases per 1,000 ill returned travelers in
nonepidemic years to an average of 159 cases per 1,000
travelers during epidemic years. Dengue can thus be added
to the list of diseases for which pretravel advice should in-
clude information on relative risk according to season. Also,
dengue cases detected at atypical times in sentinel travel-
ers may inform the international community of the onset of
epidemic activity in specific areas.

An estimated 100 million cases of dengue fever (DF)
and 250,000 cases of dengue hemorrhagic fever
(DHF) occur annually (1). The past 20 years have seen a
dramatic geographic expansion of epidemic DF and DHF
from Southeast Asia to the South Pacific Islands, the Carib-
bean, and the Americans. An increasing number of reports
of DF and associated illness among travelers to dengue
virus—infected areas parallel the changing epidemiology
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of dengue in local populations (2-8). As part of a com-
prehensive analysis of the spectrum of disease in travel-
ers, the GeoSentinel Surveillance Network, a multifaceted
international practice network, has noted that in terms of
cumulative case numbers over the past decade, dengue has
emerged as a more frequent diagnosis than malaria in ill
travelers who have returned from all tropical regions out-
side of Africa (9,10).

Dengue accounts for up to 2% of all illness in returned
travelers who visit GeoSentinel clinics (9). Dengue is also
a major cause of hospitalization in febrile returned travelers
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Minnesota, Minneapolis, Minnesota, USA; and Murray Wittner,
Albert Einstein School of Medicine, Bronx, New York, USA.
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(7,11). Prospective seroconversion studies have estimated
the attack rate of DF in travelers to the tropics to be 2.9% in
Dutch travelers who spent 1 month in Asia (12); the sero-
conversion rate was 6.7% among Israelis who traveled for
an average of 5 months (13).

We report year-to-year variability, patient characteris-
tics, travel exposures, and region/country specific proportion-
ate illness rates due to dengue in 522 returned travelers. Our
sample, collected over a decade, was also of sufficient size
to examine the seasonality of dengue in travelers by region.
Finally, the use of travelers as sentinels can help provide
timely information to the international community about the
onset of dengue outbreaks in disease-endemic areas.

Methods

GeoSentinel Surveillance Network

GeoSentinel sites are specialized travel/tropical medi-
cine clinics on 6 continents staffed by clinicians who are
recruited on the basis of demonstrated training, experi-
ence, and publication in travel and tropical medicine lit-
erature. They contribute clinician-based information on all
ill travelers seen, including travel history (additional detail
is available from www.geosentinel.org) (9,14). The sites
that account for most patient intake are within academic
centers; several smaller volume sites (almost all with cur-
rent academic affiliation) are in freestanding locations.
The intake at sites reflects a mixed population of tertiary
care and self-referred patients. Some sites are restricted to
outpatients, and no one site limits its entire practice to ill
travelers. To be eligible for inclusion in the GeoSentinel
database, patients must have crossed an international bor-
der and be secking medical advice at a GeoSentinel clinic
for a presumed travel-related illness. Anonymous surveil-
lance data that cannot be linked to an individual patient are
entered into an SQL database at a central data center. Final
diagnoses reported by physicians are used to assign diag-
nostic codes from a standardized list of >500 etiologic or
syndromic diagnoses (9).

Inclusion/Exclusion Criteria

All returning travelers who reported to a GeoSentinel
site in their current country of residence from October 1,
1997, to March 1, 2006, were eligible for analysis. Many
GeoSentinel sites also enter data separately on immigrants
with no other travel but the initial immigration trip. None
of the patients in this immigrant dataset had a diagnosis of
dengue acquired in the country of origin. The current study
is restricted to traditional travelers, which also includes
immigrants who subsequently traveled from their current
country of residence.

Patients were excluded if no confirmed or probable di-
agnosis was reported. A case of travel-associated dengue
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was defined per current annual surveillance reports (15-17),
which consider both probable and confirmed cases of den-
gue (18). A case of travel-associated dengue was defined as
laboratory-diagnosed dengue in a resident of a non—dengue-
endemic area who has traveled to a dengue-endemic area in
the 14 days before symptom onset. Laboratory-diagnosed
dengue was determined by isolation of dengue virus, vi-
rus antigen, or viral RNA, or a serum sample positive for
either immunoglobulin (Ig) M or a very high titer of IgG
by ELISA. All sites use best available reference diagnos-
tics for their respective countries, which may include well-
characterized commercial kits. GeoSentinel criteria for the
diagnosis of malaria have been reported (19).

Statistical Analysis

Analysis of dengue reports over time was based on pro-
portionate morbidity (the number of patients with dengue
fever as a proportion of the number of ill returned travelers
visiting a GeoSentinel clinic in that month). Analysis of an-
nual and monthly cycles was based on monthly proportion-
ate morbidity aggregated over all years of data included in
the analysis. Patients who were reported as having dengue
were compared with all other ill returned travelers in Geo-
Sentinel. A subanalysis, comparing dengue patients with
malaria patients, was also performed. We used > or Fisher
exact test as appropriate with a 2-sided significance level of
0.05. Data analysis was performed by using SAS statistical
package version 9 (SAS Institute, Cary, NC, USA).

Results

Among ill returned travelers seen at GeoSentinel sites
from October 1997 through February 2006, 24,920 met the
criteria for analysis. Of these, 522 (2.1%) had a diagnosis
of travel-related dengue fever, including 12 patients with
dengue hemorrhagic fever or dengue shock syndrome. Of
the 522 cases of dengue reported in this study, 68% were
seen after travel to Asia, 15% after travel to Latin America,
9% after travel to the Caribbean, 5% after travel to Africa,
and 2% after travel to Oceania (Table 1). The countries
with the largest number of cases reported among returned
travelers were Thailand (154), India (66), Indonesia (38),
and Brazil (22).

Annual Trends in Travel-related Dengue
and Changes during Regional Epidemics

A comparison of the annual trends in illness from den-
gue as a proportion of all diagnoses in ill returned travelers
showed sustained increases in dengue proportionate mor-
bidity, represented by peaks that are both high and broad in
1998 and 2002. There was also a narrow peak in October
2003 and an increase in late 2005 (Figure 1). When dengue
reports were segregated by region, the increases in 1998
and 2002 were found entirely in travelers to Southeast Asia;
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Dengue Trends and Seasonality in Travelers

Table 1. Dengue and malaria diagnoses as a proportion of all morbidity in ill returned travelers according to region or country of

acquisition
No. ill returned No. ill returned Total no. ill Dengue Malaria
travelers with travelers with returned proportionate proportionate
Region* or country of exposure dengue malaria travelers morbidityt morbidity T
Southeast Asia 264 103 3,694 71 28
Thailand 154 9 1,523 101 5
Indonesia 38 53 652 58 81
South Central Asia 90 70 3,303 27 21
India 66 57 2,119 31 27
Caribbean a7 14 1,470 32 9
South America 40 49 2,427 16 20
Brazil 22 12 685 32 18
Central America 37 27 1,867 20 14
Africa 25 1,216 7,231 3 168
Sub-Saharan Africa 23 1,201 6,201 4 194
Oceania 11 91 303 36 300
Other? or multiple regions of 7 23 4,443 2 5
exposure
Country missing 1 12 182 5 66
Total 522 1,605 24,920 21 64

*Regions defined per (9).

tProportionate morbidity expressed per 1,000 ill returned travelers seen at GeoSentinel clinics.
FNo cases were acquired in Canada, United States, Western Europe, Japan, or Australia.

for 2003, in travelers to South Central Asia; and for 2005,
in travelers to South Central Asia and Indonesia. These in-
creases correspond to known epidemic years within local
populations for those regions (20,21).

Since travel-related dengue was found to originate
most commonly in Southeast Asia, more detailed analysis
could be performed for that region. Dengue proportionate
morbidity among ill returned persons who had traveled to
Southeast Asia, which was a mean of 71 per 1,000 dur-
ing the cumulative 1997-2006 period (Figure 2, panel A),
was 159 cases per 1,000 ill returned travelers during 1998
and 2002 taken together (Figure 2, panel A); proportionate
morbidity reached a peak of >200 cases per 1,000 ill re-
turned travelers during June and July. Of the 264 Southeast
Asian cases, 154 that were acquired in Thailand could be
plotted separately (Figure 2, panel B). Dengue proportion-
ate morbidity among ill persons who had traveled to Thai-
land, which was an average of 101 cases per 1,000 during
the cumulative 1997-2006 period (Figure 2, panel B), was
257 cases per 1,000 ill returned travelers during 1998 and
2002 taken together (Figure 2, panel B) and was >500 cases
per 1,000 ill returned travelers during the peak month of
June (i.e., more than half of all ill travelers returning from
Thailand had dengue).

Seasonality of Travel-associated Dengue

Figure 3 shows month-by-month dengue cases as a
proportion of all illness in ill returned travelers during the
study period for each region separately. For Southeast Asia,
dengue cases generally peaked in June and September in
typical nonepidemic years. However, an examination of
the outbreak years of 1998 and 2002 showed that seasonal
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patterns changed markedly when compared with nonout-
break years; excess cases were seen for every month except
January, and a high and sustained peak occurred from April
through August (Figure 2, panel A). In Thailand, during
the outbreak years, proportionate morbidity exceeded the
mean 1997-2006 proportionate morbidity (Figure 2, panel
B) for all months except January. Notably, the major peak
of illness began in April, a time of minimal dengue activity
in nonoutbreak years. The major epidemic peak in sentinel
travelers preceded the epidemic pattern in the local popula-
tion during 1998 and 2002, as reflected in Thai reports to
the World Health Organization (20).

An examination of seasonality in travelers for other
regions (Figure 3) showed that dengue cases were higher
from September through December in South Central Asia

80

0

= w @
s & =

Proportionate morbidity*
w
g

]
&

a

Wi
T A

Oct Feb Jun Oct Feb Jl.n Oct Feb .lun Oct Fab Jun Oct Fcb .Iun Oct Feb Junﬁc! Feb J.ln Ot Feb Jun Ot Feb
1997 1998 005 2006

Month of cllnlc wsn

Figure 1. Dengue fever in returned travelers as a proportion of
monthly morbidity in all ill returned travelers to all regions of the
world. Cumulative proportionate morbidity of 21 per 1,000 ill
returned travelers (522 dengue reports among 24,920 ill travelers
from October 1997 through February 2006) is shown by the
horizontal line. *Proportionate morbidity is expressed as number of
dengue cases per 1,000 ill returned travelers.
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Figure 2. Changes in dengue morbidity during regional epidemics.
Heavy red and blue lines show dengue in returned travelers as
a proportion of monthly morbidity in all ill returned travelers to
Southeast Asia (A) and Thailand (B) during the epidemic years
of 1998 and 2002 (red lines) and during all other nonepidemic
years (blue lines). Black horizontal dashed lines represent mean
proportionate morbidity over all months for that area during the
cumulative 1997-2006 period in travelers; red horizontal dashed
lines represent mean proportionate morbidity over all months
during the 2 outbreak years (1998 and 2002) in travelers. Each
gray line in panel B tracks month-by-month reports to the World
Health Organization (WHO) of the total number of dengue cases
in the endemic Thai population for a single year from 1998-2005.
*Proportionate morbidity is expressed as number of dengue cases
per 1,000 ill returned travelers.

other diagnoses. The mean age of dengue patients was
33.8 years; the male:female ratio was 1.17:1. Of the pa-
tients studied, 69.3% were traveling only for tourism, and
the median trip duration was <28 days. Most of the den-
gue case-patients (61%) had a pretravel encounter, a sig-
nificantly higher percentage than for ill returned travelers
without dengue (53%; p<0.005). Dengue is overwhelm-
ingly a disease of young adults 1844 years of age. As ex-
pected, due to the short incubation period, >75% of dengue
case-patients sought treatment within 2 weeks after return.
In addition, significantly more dengue patients were hospi-
talized (24% vs. 6%; p<0.001), a level similar to the 25%
rate reported in a study of European travelers (4).

Comparison of Dengue and Malaria
Patient Characteristics

During the study period, 1,605 (6.4%) ill returned trav-
elers reported to GeoSentinel had been given a diagnosis
of malaria. A comparison of the characteristics of travelers
with dengue and those with malaria shows some impor-
tant differences. Unlike dengue, which affects both sexes
almost equally, malaria is more common in male travelers
(11,23). Patients with malaria were less likely to have a re-
corded pretravel encounter. Duration of travel (median 34
days) was significantly longer than for travelers returning
with dengue (median 28 days; p<0.05), although the dif-
ference was not large. Malaria was much more common in

Southeast Asia (n = 147 cases) South Central Asia (n =90 cases)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(especially in India, which accounted for most of our cas-
es in South Central Asia; Table 1). A sharp and consis-
tent major peak can be seen each October throughout the
study period. This closely tracks the monthly pattern in the
Indian population during 2003-2006, years for which ro-
bust Indian national data are available (21). The number of
dengue cases in travelers was higher from August through
December in the Caribbean; it was highest in March in
South America, especially in Brazil, which accounted for
most of our cases in South America (Table 1). This peak is
also consistently seen in the Brazilian population (22) each
year. No evidence of a strong seasonal pattern was found in
travelers to Central America and Africa, although the num-
bers of travelers to these regions in our sample were small.

Characteristics of Travelers with Dengue
The characteristics of travelers with dengue are com-

pared in Table 2 with the characteristics of those with all
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Figure 3. Seasonality of dengue in returned travelers by region.
Dengue in returned travelers is shown as a proportion of monthly
morbidity in all ill returned travelers to each region. Horizontal
dashed lines represent the mean proportionate morbidity over all
months for that region during the cumulative 1997-2006 period in
travelers. Data for Southeast Asia exclude the outbreak years of
1998 and 2002. *Proportionate morbidity is expressed as number
of dengue cases per 1,000 ill returned travelers.
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first- or second-generation immigrants visiting friends and
relatives (Table 2).

Overall, the proportion of travelers with dengue in
the GeoSentinel database (21 cases per 1,000 ill returned
travelers) was less than the proportion seen with malaria
(64 cases per 1,000 ill returned travelers; Table 1). This
finding, however, was mostly due to the disproportionate
numbers of travelers returning ill from Africa where ma-
laria is highly prevalent (168 cases per 1,000 ill returned
travelers) and where dengue is rare (3 cases per 1,000 ill
returned travelers). A similar situation applies to Oceania
where malaria (300 cases per 1,000 ill returned travelers) is
significantly more frequent than dengue fever (36 cases per
1,000 ill returned travelers). For other regions, the propor-
tionate morbidity due to dengue was higher than that due
to malaria, except for South America, where proportionate
morbidity was approximately equal (20 cases vs. 16 cases
per 1,000 ill returned travelers).

Analysis of travel to several countries was possible.
Dengue proportionate morbidity (101 cases per 1,000 ill
returned travelers) was dramatically higher than that for

Dengue Trends and Seasonality in Travelers

malaria (5 cases per 1,000 ill returned travelers) in travel-
ers returning from Thailand and exceeded that for malaria
in travelers returning from Brazil and India.

Discussion

Data collected longitudinally over a decade by the Geo-
Sentinel Surveillance Network have allowed us to examine
month-by-month illness from a sample of 522 patients with
dengue (as a proportion of all diagnoses among 24,920 ill
returned travelers) seen at our 33 surveillance sites. Travel-
related dengue demonstrates defined seasonality for some
regions (Southeast Asia, South Central Asia, the Caribbe-
an, and South America; Figure 3). Although discrete peaks
are present, the number of cases from the Caribbean and
South America is relatively small. A June peak of travel-
related dengue was previously reported in a small sample
of 75 Swedish travelers to Thailand (using imported cases
from 1998-1999) (3). Several vector-borne diseases, such
as malaria (24) and Japanese encephalitis (25), are known
to exhibit seasonality in local populations, but no firm data
exist on whether this pertains to travelers’ risk. Our find-

Table 2. Demographic characteristics and type of travel for ill returned travelers with dengue, malaria, or any other diagnosis

Il returned travelers

Il returned travelers

Ill returned travelers without  Total ill returned

Characteristic with dengue with malaria dengue or malaria travelers
No. cases 522 1,605 22,793 24,920
Age group, %*

<18y 1.3 5.6 3.9 3.9

18-44y 79.2 68.4 69.1 69.3

45-55y 12.4 17.2 14.7 14.7

>56y 7.1 8.9 12.4 12.0
Female sex, %* 46.1 30.1 49.7 48.3
Pretravel encounter, %*

Yes 61.3 42.8 53.6 53.1

No 28.6 43.7 33.6 34.1

Unknown 10.1 135 12.8 12.8
Inpatient, %* 24.8 50.3 6.6 9.8
Duration of travel, d*

25% travelers 14d 21d 14d 14d

50% travelers 28d 34d 28d 28d

75% travelers 67d 95d 132d 123d
Time from travel to symptoms, %*

<2 week 75.5 53.3 41.8 43.3

>2 week 24.5 46.7 58.2 56.7
Patient classification %*

Immigrant 7.9 35.1 13.6 14.9

Temporary visitor 4.2 2.2 1.6 1.7

Expatriate 8.4 13.7 10.0 10.2

All other travelers 79.5 48.4 74.5 73.1
Reason for recent travel, %*

Tourism 69.3 29.1 60.3 58.5

Business 10.5 16.0 14.0 14.1

Research/education or 10.2 14.5 12.7 12.8

Missionary/volunteer

Visiting friends or relativest 9.8 40.1 12.5 14.2

*Significant differences in travelers with dengue vs. malaria (p<0.05).

Tist or 2nd generation immigrant originally from a low-income country now living in a high-income country, visiting friend and relatives in the country of

the family’s origin.
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ings on the seasonality of dengue in travelers benefits those
advising prospective travelers, as well as those formulating
possible diagnoses in ill returned travelers. Consequently,
travelers who have had a previous episode of dengue might
want to avoid peak dengue transmission times at a particu-
lar destination to minimize the risk for developing dengue
hemmorhaghic fever, which preferentially affects those
with previous dengue infection (26). For example, the
February—March peak in Brazil coincides with Carnaval
(annual festival marking the beginning of Lent). Neverthe-
less, in dengue-endemic regions, risk exists year round, and
travelers should always be counseled on personal protec-
tion measures against arthropods.

Rainy seasons vary by country and, in many cases, vary
regionally within countries. Because of these geographic
variations in the rainy season, we have avoided the tempta-
tion to over generalize about relationships between rainfall
and dengue incidence (Figure 3). Although GeoSentinel
would not be likely to receive reports from outbreaks of den-
gue that are restricted to regions of a country not frequented
by travelers, most substantial outbreaks do eventually spread
widely (27). In this analysis, proportionate morbidity always
compares the number of dengue cases with all ill travelers
seen at GeoSentinel clinics during a particular month. This
type comparison ensures that the variation in the absolute
number of travelers to a particular destination at different
times of year do not distort the results.

The natural, and to a large extent unexplained, year-to-
year oscillations of dengue cases in local populations have
been described in some countries (27-29). In travelers, this
has not been examined over a long period in such a size-
able dataset, while simultaneously comparing regions of the
world (30). In each of the epidemic years 1998 and 2002
in Southeast Asia, the usual pattern of seasonality changed
with an excess of cases throughout the whole year. The out-
break was heralded initially by an excess of cases begin-
ning in February with a dramatic upsurge in April (Figure
2, panel A), well ahead temporally and in magnitude when
compared with the usual initial peak month of June. When
the 1998 pattern in travelers recurred in early 2002, it led
to the immediate hypothesis that this change of seasonality
would once again herald an epidemic year. In April 2002,
GeoSentinel alerted the international community when it
posted a notice of the increase in travel-related dengue from
Thailand online (31). Official surveillance data from local
populations were not immediately available to the interna-
tional community. Data reported later by Thai authorities to
the World Health Organization confirmed the observation
(20). A retrospective report published in 2004 also noted an
April 2002 surge in dengue cases among German travelers
to Thailand (32). The increase in dengue cases in returned
travelers from South Central Asia in 2003 was also evident
before official surveillance data were available. This in-
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crease reinforces the usefulness of sentinel surveillance in
travelers. For example, travelers’ malaria has identified new
foci of infection in the Dominican Republic (33) and the Ba-
hamas (34). Because the number of travelers to areas with
epidemics may be small and some epidemics may occur in
parts of a country that are not visited by travelers, we are not
proposing sentinel surveillance as a definitive and uniquely
sensitive tool for detection of all disease outbreaks. A 2001
outbreak in Thailand apparently did not affect travelers
(Figure 2, panel B), as it was not associated with a peak in
reports to GeoSentinel. Nevertheless, the traveling popula-
tion can give timely, very specific indicators.

Our data on the high frequency of dengue in travelers
to Southeast Asia and the Caribbean and its rarity in travel-
ers to Africa are in agreement with previous smaller sam-
ples such as those from a regional European surveillance
network (TropNetEurop), which examined 238 returning
travelers with dengue over a 3-year period (1999-2001)
(4). In comparing proportionate morbidity for dengue be-
tween regions, rates in travelers to the Caribbean approach
those of some parts of Asia and are thus higher than would
be expected from overall rates in local populations. These
rates likely reflect common travel patterns that may favor
more risky locales. A new finding in our report is the high
proportionate morbidity in travelers to Oceania, who be-
cause of small absolute numbers of travelers to that region,
may have been overlooked in earlier studies, which report-
ed only raw numbers of cases.

The limitations of this analysis include those appli-
cable to other published studies that used the GeoSentinel
database. The findings can only be generalized to travel-
ers seen in tropical or travel medicine clinics after travel.
In general, data do not represent a sample of all returned
travelers (e.g., those seen at nonspecialized, primary care
practices, where milder and self-limited manifestations of
dengue that might not be recognized as such, would occur
with greater frequency). The more severely ill patients that
do seek treatment at specialized clinics such as GeoSenti-
nel sites will likely have higher hospitalization rates than
the overall population with dengue infection. Patients may
also seek treatment at GeoSentinel sites and not return for
follow-up definitive diagnostic serology when faced with
the inconvenience and cost of serologic evaluation of a self-
limited illness, particularly when symptoms have resolved.
Dengue has a short incubation period; many patients may
have the disease while still traveling. Nevertheless, the un-
captured cases are not likely to have a different pattern of
geographic acquisition than those that are included.

In conclusion, current data serve as a reference for
the seasonality of dengue for several regions of the world.
Dengue can be added to the list of diseases for which
pretravel advice can include information on relative risk
according to season of travel to a particular destination.
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Further, the season of travel can aid the clinician in as-
sessing the relative likelihood of dengue in an ill returned
traveler with a nonspecific febrile illness. Travelers may
be sentinels able to rapidly inform the international com-
munity about the onset of epidemics in disease-endemic
areas. Effective malaria chemoprophylaxis and strategies
for personal protection against night-feeding malaria vec-
tors are already available. Dengue is a risk for all tourists
equally without respect to gender, pretravel preparation,
or duration of travel. Even with good pretravel advice,
all healthcare providers can do is recommend mosquito
precautions. The usual preventive measure for an infec-
tious disease is vaccination. Because personal protection
against the day-feeding dengue vectors is so problematic,
there is an urgent need for a dengue vaccine.
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Determination of the etiology of bacterial meningitis
and estimating cost of disease are important in guiding vac-
cination policies. To determine the incidence and etiology of
meningitis in Turkey, cerebrospinal fluid (CSF) samples were
obtained prospectively from children (1 month—17 years of
age) with a clinical diagnosis of acute bacterial meningitis.
Multiplex PCR was used to detect DNA evidence of Strepto-
coccus pneumoniae, Haemophilus influenzae type b (Hib),
and Neisseria meningitidis. In total, 408 CSF samples were
collected, and bacterial etiology was determined in 243 cas-
es; N. meningitidis was detected in 56.5%, S. pneumoniae
in 22.5%, and Hib in 20.5% of the PCR-positive samples.
Among N. meningitidis—positive CSF samples, 42.7%,
31.1%, 2.2%, and 0.7% belonged to serogroups W-135, B,
Y, and A, respectively. This study highlights the emergence
of serogroup W-135 disease in Turkey and concludes that
vaccines to prevent meningococcal disease in this region
must provide reliable protection against this serogroup.

ﬁ cute bacterial meningitis is one of the most severe
infectious diseases, causing neurologic sequelae and
accounting for an estimated 171,000 deaths worldwide per
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year (1,2). Although most disease occurs in infants, the
societal impact is also important because of the continued
high incidence in healthy older children and adolescents.
Despite many new antibacterial agents, bacterial meningi-
tis fatality rates remain high, with reported rates between
2% and 30% (3,4). Furthermore, permanent sequelae, such
as epilepsy, mental retardation, or sensorineural deafness
are observed in 10%—20% of those who survive (5,6).

The 3 most common etiologic agents are Haemophilus
influenzae type b (Hib), Streptococcus pneumoniae, and
Neisseria meningitidis, which account for 90% of reported
cases of acute bacterial meningitis in infants and children
>4 weeks of age (7,8). Hib meningitis is a disease affect-
ing primarily young children; most of the cases occur in
children 1 month to 3 years of age (3,8). The use of Hib
conjugate vaccines has reduced the incidence of, or even
virtually eliminated, invasive Hib disease in some indus-
trialized countries (7,8). S. pneumoniae is a major cause
of childhood bacterial meningitis in countries where Hib
disease has been eliminated by vaccination (9). It is the sec-
ond most frequently reported cause of septic meningitis in
some European and sub-Saharan African countries, after
meningococcal cases (4,9).

N. meningitidis is now considered to be the leading
cause of bacterial meningitis in many regions of the world,
causing an estimated 1.2 million cases of bacterial menin-
gitis and sepsis worldwide each year (10,11). Meningococ-
ci are classified into 13 serogroups based on the antigenic
properties of their capsular polysaccharide; however, near-
ly all disease is caused by 5 serogroups: A, B, C, W-135,
and Y. The epidemiology of N. meningitidis varies by sero-
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group; currently, serogroups A, B, and C account for >90%
of meningococcal disease worldwide (12). However, the
epidemiologic landscape is constantly changing, and with
increasing international travel and cross-border migration,
the epidemiology of this disease will remain dynamic. Cur-
rently, serogroups A and C predominate throughout Asia
and Africa, whereas serogroups B and C are responsible
for most cases in Europe and North America (11,13-18). In
several countries, including the United States, the propor-
tion of disease caused by serogroup Y has increased over
the past decade, where it now accounts for approximately
one third of meningococcal cases (19). Serogroup W-135
has also recently emerged in some parts of the world, pri-
marily in the Middle East and Africa, in some instances
causing large epidemics (20).

The annual Hajj pilgrimage to Mecca is a major inter-
national event; =2 million people from around the world
gather in one place, where the extreme crowding provides
an ideal environment for transmission of meningococ-
cal carriage. On several occasions, meningococcal dis-
ease outbreaks have subsequently spread worldwide by
returning pilgrims. A major serogroup A meningococcal
disease epidemic occurred in the 1980s, affecting Mus-
lim pilgrims initially, followed by populations in other
Middle Eastern and African countries (21). After this
epidemic, Hajj pilgrims were vaccinated with a bivalent
(A and C) meningococcal polysaccharide vaccine before
entering Saudi Arabia. With the emergence of serogroup
W-135 meningococcal disease among Hajj pilgrims in the
Middle East during 2000 and 2001 (20), vaccine recom-
mendations for pilgrims were changed to quadrivalent (A,
C, W-135, and Y) meningococcal polysaccharide vaccine
in 2002 (22).

Global surveillance of confirmed meningococcal cases,
including surveillance of the diversity of causative strains,
is essential to managing disease and developing vaccines.
This study was undertaken to determine the current etiol-
ogy of bacterial meningitis in Turkey, with particular em-
phasis on serogroup distribution of meningococci. Turkey
is a predominantly Muslim country, and as such epidemics
originating at the Hajj may have an effect on the national
epidemiology. Although limited epidemiologic studies
are available, cases of invasive meningococcal disease as
well as carriage of serogroup W-135 have been reported in
Turkey (23-25). This finding is in contrast to Western Eu-
rope, where the incidence of W-135 disease remains low.
Turkey has no surveillance system for bacterial meningitis,
and exact rates of meningococcal disease and serogroup
distribution are unknown. Reliable surveillance data from
countries such as Turkey are vital to understand, and better
anticipate, the constantly changing landscape of bacterial
meningitis and meningococcal disease.
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Materials and Methods

Study Design

From February 16, 2005, through February 15, 2006,
active surveillance of acute bacterial meningitis among
children admitted to 12 participating hospitals was un-
dertaken. Turkey is divided into 7 geographic areas
(Figure 1). Twelve health centers in 9 cities located in all
of these 7 geographic regions were selected to represent the
population characteristics of the country. Two centers from
each of the 3 biggest cities and 1 center from each of the
other cities were included. Each health center served as a
referral center for its region in the field of pediatric diseases.
The centers serve ~32% of the entire pediatric population
of Turkey. Approval was obtained from the ethical com-
mittees of the participating centers and Ministry of Health.

In each hospital, suspected cases of acute bacterial
meningitis were identified by a pediatrician, based on
the following criteria: any sign of meningitis (fever [ax-
illary measurement >38°C], vomiting [>3 episodes in 24
h], headache, meningeal irritation signs [bulging fontanel,
Kernig or Brudzinski signs, or neck stiffness]) in children
>1 year of age; fever without any documented source;
impaired consciousness (Blantyre Coma Scale <4 if
<9 months of age and <5 if >9 months of age) (26); pros-
tration (inability to sit unassisted if >9 months of age or
breastfeed if <9 months of age) in those <1 year of age;
and seizures (other than those regarded as simple febrile
seizures with full recovery within 1 h). For each suspected
case, demographic data, predominant clinical signs and
symptoms, prior history of use of antimicrobial agent, and
laboratory results were recorded by using a standardized
case report form.

Cerebrospinal fluid (CSF) samples were obtained from
all patients <17 years of age with clinical suspected men-
ingitis. Patient samples were included in further analyses

Black Sea
24(1.0)

Eastern Anatolia
43(38)

an

141:3.4} Southeast Anatolia
109(10.9)

Figure 1. Meningitis cases by geographic region of Turkey. The
number of suspected meningitis cases included in the study per
region is shown in boldface, with the region-specific estimated
incidence rate of laboratory-confirmed meningitis (per 100,000
population) shown in parentheses. In total, 408 children were
diagnosed with suspected acute bacterial meningitis. Bacterial
meningitis was confirmed by PCR, culture, or latex agglutination
test in 243 cases. Region-specific incidence rates ranged from 1.0
to 10.9/100,000 population.
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if the CSF had 1) >10 leukocytes/mm?* in the CSF, and/or
2) higher CSF protein levels than normal for the patient’s
age, and/or 3) lower CSF glucose levels than normal for
the patient’s age. In addition to these patients, all who had
a positive CSF culture, PCR, Gram stain, or antigen detec-
tion test result were also included in the study. No neo-
nates (<1 month of age) were included in the study since
the pathogens of neonatal meningitis were expected to be
different than those of the older case-patients (3).

CSF Cultures and Bacterial Isolates

CSF cultures, Gram stain, and latex agglutination
tests (Wellcogen Bacterial Antigen Kit, Lenexa, KS,
USA) were performed in the local hospitals. A CSF
sample (minimum 0.5 mL) from each patient was kept at
—20°C until transportation to the Central Laboratory (Hac-
ettepe University, Ankara, Turkey) for PCR analysis. CSF
samples and, if available, bacterial isolates were sent to
the Central Laboratory, where all isolates were recultured
on chocolate and blood agars and grown at 37°C in 5%
CO,. Suspected meningococcal colonies were character-
ized by Gram stain, oxidase test, and rapid carbohydrate
utilization test (Gallerie Pasteur, Pasteur Merieux, Lyon,
France). The microbiology laboratory records were cross-
checked in each hospital for missing data. The phenotypic
determination, based on the antigenic formula (serogroup:
serotype:serosubtype) of meningococcal isolates, was
performed by standard methods in the Meningococcal
Reference Unit, Health Protection Agency, Manchester,
United Kingdom (18,20-25,27).

DNA Isolation

All samples collected in the Central Laboratory were
kept at —80°C and were thawed immediately before each
test. Bacterial colonies were suspended in 500 pL sterile
double-distilled water and vortexed. Bacterial suspen-
sions and CSF were boiled for 3 min at 100°C, then cen-
trifuged for 5 min at 10,000 x g, and the supernatant was
retained. DNA concentration was estimated spectropho-
tometrically, and 15 pL (=50 ng) was used in each final
reaction mixture.

PCR Amplification

For the simultaneous identification of bacterial
agents, single tube, multiplex PCR assay was performed.
The specific gene targets were CtrA, bex, and ply for N.
meningitidis, Hib, and S. pneumoniae, respectively (28).
In each assay, the final reaction mixture of 50 pL con-
tained 15 pL (=50 ng) DNA, 1x PCR buffer, 3 mmol/L
MgCl,, 200 pmol/L of each dNTP (AB Gene, Epsom,
UK), 0.6 pumol/L of each corresponding oligonucleotide
primer (Sigma Aldrich, Seezle, Germany) as described
(28) and 1 U of Taq polymerase (AB Gene). The PCR was
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performed by using a DNA thermal cycler (Perkin-Elmer
Cetus, Emeryville, CA, USA model 9600) under the fol-
lowing conditions: a first cycle of denaturation at 95°C for
5 min followed by 35 cycles of 95°C for 25 s, 57°C for 40
s, and 72°C for 60 s.

Among the samples positive for N. meningitidis, se-
rogroup prediction (A, B, C, W-135, and Y) was based on
the oligonucleotides in the siaD gene for serogroups B, C,
W-135, and Y and in orf-2 of a gene cassette required for
serogroup A (28). For serogroup determination, amplifica-
tion reactions (50 pL) contained 15 pL of DNA, 60 mmol/L
Tris-HCI (pH 8.8), 17 mmol/L (NH4),SO,, 5 mmol/L Mg-
Cl,, 0.5 mmol/L of each dNTP, 0.3 pmol/L corresponding
oligonucleotides, and 1 U of Taq polymerase. The PCR
conditions were as follows: denaturation at 94°C for 3 min,
followed by 35 cycles of 92°C for 40 s, 55°C for 30 s, and
72°C for 20 s in a DNA thermal cycler. A final extension
cycle at 72°C for 10 min was then performed (29).

All amplicons were analyzed by electrophoresis on
standard 3% agarose gels and visualized by using UV fluo-
rescence. A negative control consisting of distilled water and
a positive control consisting of a reference strain (S. pneu-
moniae ATCC 49613, Hib ATCC 10211, N. meningitidis
serogroup C L94 5016 also known as C11 [C:16:P1.7-1,1],
serogroup A M99 243594 [A:4,21:P1.20,9], serogroup Y
MO5 240122 [Y:NT:P1.5], serogroup W135 M05 240125
[W135:2a:NST], serogroup B M05 240120 [B:NT:NST])
were analyzed simultaneously.

Statistical Analysis

Continuous variables were compared by the Student t
test and categorical variables with * or Fisher exact tests.
A 2-tailed p value <0.05 was considered significant. All
statistical analysis was performed with SPSS version 11.5
(SPSS Inc, Chicago, IL, USA).

Results

Meningitis Cases

In total, 408 children were hospitalized with a clini-
cal diagnosis of meningitis during the study period (Fig-
ure 1), and a CSF sample from each patient was obtained.
The distribution of these suspected cases according to the
geographic regions was as follows: 109 (26.7%) in South-
ern Anatolia, 74 (18.1%) in Aegean region, 79 (19.6%)
in Central Anatolia, 53 (13.0%) in Marmara region, 43
(8.7%) in Eastern Anatolia, 24 (5.9%) in Black Sea re-
gion, and 26 (6.4%) in Mediterranean region. The mean
age of the 408 children was 4.8 years (standard devia-
tion 4.1 years), and the boy-to-girl ratio was 1.5:1. Of 408
patients diagnosed with acute bacterial meningitis, 20
(4.9%) died and 14 (5.7%) of these deaths were among
patients with laboratory-confirmed cases.
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Laboratory-Confirmed Meningitis Cases and Etiology

Of the 408 cases, bacterial meningitis was confirmed
by PCR, culture, or latex agglutination test in 243 (59.6%)
patients. Regional incidence rates of laboratory-confirmed
meningitis were estimated as ranging from 1/100,000 popu-
lation in the Black Sea region to 10.9/100,000 population in
the Southeast Anatolia region (Figure 1). Nationwide, the
highest incidence was in children 1-12 months of age and
was slightly more common in boys. The boy-to-girl ratio of
the confirmed cases was 1.3:1, and the age distribution was
as shown in Figure 2.

Overall, the diagnosis of acute bacterial meningitis
was confirmed with CSF culture in 41 (17%) of 243 cases,
with latex agglutination test in 56 (23%), and with PCR in
243 (100%) (Table). Latex agglutination test was positive
in 37 cases for N. meningitidis, in 10 cases for Hib, and in
9 cases for S. pneumoniae.

Where data were available, 7 (17%) of 41 cases with
positive CSF culture and 111 (54.9%) of 202 cases with
negative CSF culture had a history of use of antimicrobial
agent(s) before lumbar puncture, which may account for
the relatively low diagnosis rate by using this technique. N.
meningitidis was reported in 23 cases, S. pneumoniae was
reported in 12, and Hib was reported in 6 cases as positive
in CSF culture.

Blood culture was positive in 12 (4.9%) of 243 cas-
es—4 each of N. meningitidis, Hib, and S. pneumoniae. Phe-
notyping of 21 available isolates indicated W135:2a:P1.5,2
(5 cases), A:21:NT:P1.10 (1 case), B:NT:P1.12,4 (2
cases), B:22:NT:NT (2 cases), B:NT:NT:P1.14 (2 cas-
es), B:15:P1.7,16 (3 cases), B:14:NT:P1.13 (2 cases),
B:15:NT:P1.16 (2 cases), X:NT:P1.7,1 (1 case), Y:
NT:P1.5:NT (1 case).

PCR analysis was by far the most reliable method of
confirming bacterial meningitis, accounting for all con-
firmed cases with 243 positive results. In these PCR-pos-
itive samples, 138 (56.5%) were attributable to N. menin-
gitidis, 55 (22.5%) to S. pneumoniae, and 50 (20.5%) to
Hib (Figure 3). Of the 408 patients, 118 (48.5%) of 243
cases with positive PCR and 96 (58.2%) of 165 cases with
negative PCR had received antibacterial drugs in the week
before CSF sampling.

In the evaluation of the bacterial agents among the 7
different geographic regions of the country, N. meningitidis
was the most common cause of acute bacterial meningitis
in all regions except the Mediterranean region, located on
the southern coast of Turkey. Here S. pneumoniae were the
prominent bacteria, and N. meningitidis were detected in
only 2 cases.

Comparison of the incidence of N. meningitidis, S.
pneumoniae, and Hib among different age groups dem-
onstrated that N. meningitidis was the prominent bacterial
agent causing acute bacterial meningitis, especially in chil-
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Figure 2. Distribution of bacteria causing childhood acute bacterial
meningitis in different age groups. Neisseria meningitidis was the
most common cause of meningitis, and the highest estimated
incidence was in children <1 year of age for all 3 bacteria. The
number of cases is indicated above each bar. S. pneumoniae,
Streptococcus pneumoniae; Hib, Haemophilus influenzae type b.

dren <7 years of age (Figure 2). The highest incidence was
detected during the first year of life for all 3 bacteria.

CSF findings were recorded for 368 (90.2%) of 408
CSF samples sent to the Central Laboratory. As a mean, in
PCR-negative samples, CSF protein level was significantly
lower (70.2 vs. 130.4 mg/dL; p = 0.003) and glucose level
was significantly higher (55.6 vs. 41.3 mg/dL; p=0.01) than
in PCR-positive samples. Total cell counts were not sig-
nificantly different in PCR-negative and -positive samples
(157.9 and 211.1/mm?; p>0.05), but polymorphonuclear
cell count was significantly higher in PCR-positive samples
(8,284.3 vs. 38.5/mm?; p=0.001). Among the PCR-positive
samples, total cell and polymorphonuclear cell counts were
not significantly different between samples positive for N.
meningitidis, S. pneumoniae, and Hib (p>0.05).

Meningococcal Epidemiology

Among the samples that were positive for N. menin-
gitidis following PCR analysis, serogroup W-135 was the
cause of most infections; 59 (42.7%) cases were serogroup
W-135, 43 (31.1%) were serogroup B, 3 (2.2%) were se-
rogroup Y, and 1 (0.7%) was serogroup A. There were no
cases with a positive result for serogroup C (this was also

Table. Laboratory confirmation of bacterial meningitis*

PCR positive PCR negative Total

Category (n=243) (n = 165) (n=408)
CSF culture

Positive 41 0 41

Negative 202 165 367
Latex agglutination test

Positive 53 3 56

Negative 190 162 352

*Specimens positive for individual assays and combinations of assays.
CSF, cerebrospinal fluid.
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the case following analysis of CSF culture-positive sam-
ples) and in 32 (23.2%) N. meningitidis—positive samples
the serogroup could not be determined by the PCR assay.

Analysis by age reveals the greatest meningococcal
disease incidence is in children <3 years of age, particu-
larly infants <1 year of age. The numbers of cases caused
by the 2 most common N. meningitidis serogroups (sero-
groups W-135 and B) were similar in the most vulnerable
age groups (<3 years of age), but W-135 was more com-
mon in children 4-16 years of age (Figure 4).

Etiologic and meningococcal serogroup distribu-
tion among the different geographic regions is illustrated
in Figure 5. N. meningitidis serogroup W-135 was more
prominent than the other meningococcal serogroups in the
Southeast Anatolia, Aegean (Western Turkey), Eastern
Anatolia, and Black Sea regions. N. meningitidis serogroup
B was much more common in the Marmara region (north-
western Turkey), and in the Central region; the numbers
of serogroup B and serogroup W-135 cases were similar.
The Mediterranean region had 2 N. meningitidis—positive
samples; both were nongroupable by PCR analysis.

Discussion

In this study, 243 cases of laboratory-confirmed acute
bacterial meningitis were recorded. Because our study cen-
ters provide service to 32% of the population of Turkey, ex-
trapolation from the number of cases recorded suggests that
759 acute bacterial meningitis cases (excluding neonatal
cases) per year occur in the whole country. The population
of children 1 month through 16 years of age was calculated
as 21.6 million. Therefore, the annual incidence of acute
bacterial meningitis was estimated as 3.5 cases/100,000/
year. Although similar to incidence rates reported from
other countries without routine vaccination against N. men-
ingitidis, S. pneumoniae, and Hib (3,4,10,30), this value
likely represents a lower limit estimate of the true disease
incidence, given the inherent limitations of hospital-based
surveillance. Furthermore, the specific role of these 3 most
common bacterial causes of acute bacterial meningitis var-
ies between regions.

An accurate laboratory confirmation of the etiology in
acute bacterial meningitis is essential to provide optimal
patient therapy, appropriate case contact management, and
reasoned public health actions. Prospectively, it also pro-
vides information upon which to base decisions regarding
immunization programs, especially for countries without
routine vaccination against the main acute bacterial men-
ingitis pathogens (28,31). Although bacterial culture is
considered to be the standard method, the negative effect
of prior antimicrobial drug use on its sensitivity necessi-
tates nonculture techniques for diagnosis. Among noncul-
ture diagnostic tests, PCR is the most accurate and reliable
method, especially among patients with a history of anti-
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Figure 3. Distribution of etiology of acute bacterial meningitis in
Turkey detected by using PCR analysis. Of 243 PCR-confirmed
cases, 138 (56.5%) were attributable to Neisseria meningitidis,
55 (22.5%) to Streptococcus pneumoniae, and 50 (20.5%) to
Haemophilus influenzae type b (Hib).

microbial drug use before spinal tap (32). This finding was
evident in the present study, in which PCR analysis was
the most sensitive method, confirming 243 cases (59.6%)
among 408 children meeting the case definition for bacte-
rial meningitis (100% of all cases that were confirmed by
any method). Using other methods that are more sensitive
may increase the rate of laboratory confirmation.

Several reports review the rates of bacterial causes of
acute bacterial meningitis from many different countries,
based on CSF cultures. Some factors, such as previous an-
timicrobial drug treatment, interfere with the recovery of
microorganisms from CSF. In our study, bacterial isolation
was only possible in 41(16.8%) of 243 of confirmed cases.
However, the most important factor for this low positive
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Figure 4. Distribution of predominant Neisseria meningitidis
serogroups in different age groups. Serogroups W-135 and B caused
42.7% and 31.1% of all meningococcal infections, respectively.
W-135 was the most common cause of meningococcal infection in
all but 2 age groups analyzed.
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Figure 5. Etiology of confirmed cases of bacterial meningitis in
different geographic regions. W-135 was the most prominent
Neisseria meningitidis serogroup in the Southeast Anatolia,
Aegean, Eastern Anatolia, and Black Sea regions. The percentages
of cases caused by Streptococcus pneumoniae and Haemophilus
influenzae type b (Hib) are also shown.

ratio in culture was likely prior antimicrobial drug use, as
118 case-patients received such treatment before the lum-
bar puncture (7/41; 17% in culture-positive case-patients
and 111 (54.9%) of 202 in culture-negative case-patients).
In patients with acute bacterial meningitis, blood cultures
can be used in the etiologic diagnosis in up to 80% of cases
since the bacteria generally invade meningeal membranes
following bacteremia (3,10,33). In our study, however,
only 12 (4.9%) of 243 case-patients who had blood culture
tests returned positive results. This finding may also be re-
lated to the previous antimicrobial drug use.

Previous reports suggested that S. pneumoniae and N.
meningitidis serogroups A and B would be the most com-
mon bacteria causing acute bacterial meningitis in Tur-
key (25,34-36). Serogroup W-135 meningococcus was
isolated for the first time in Turkey in an asymptomatic
healthy preschool child in 2001 (23), and the first patient
with meningitis caused by serogroup W-135 was reported
in 2003 (24). In this study N. meningitidis, especially se-
rogroup W-135, was responsible for most of the cases ob-
served, with serogroup B the second most common. Only
a small number of serogroup A or Y cases were noted,
and no serogroup C cases were observed. These data are
in contrast to those from many parts of Europe, where se-
rogroups B and C dominate the epidemiologic landscape.
In Turkey, meningococcal disease caused by serogroup
W-135 has increased from 1 case in 2003 to 59 cases or
42.7% of all laboratory-confirmed N. meningitidis cases
in children, in this study, during 2005/06. A dramatic in-
crease in serogroup Y disease has been documented in
the United States during the last decade, but this has been
over a longer period.

Most of the Turkish population is Muslim, and
~150,000 pilgrims travel annually to Saudi Arabia for the
Hajj. Since 2002, all Turkish pilgrims have received a qua-
drivalent meningococcal polysaccharide vaccine before
travel. Although this vaccine generates a robust immune
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response against serogroup W-135, in contrast to what has
been demonstrated for serogroup C meningococcal conju-
gate vaccines (37), meningococcal polysaccharide vaccines
are not thought to reliably prevent asymptomatic carriage.
A study from the United States reported that 0.8% of re-
turning vaccinated pilgrims in 2001 were carrying W-135,
whereas no pilgrims carried this serogroup upon departure
from the United States (38). Therefore, the rapid rise in the
proportion of cases caused by serogroup W-135 may be
attributable to transmission from pilgrims returning from
the Hajj carrying this particular serogroup. Although not
definitive, this conclusion is further supported by the find-
ing that all serogroup W-135 isolates available for pheno-
typic characterization were identical to the Hajj-associated
clone, W135:2a:P1.5,2 (20). Because strains with this se-
rologic profile have not been uniquely associated with the
Hajj outbreak (39), additional typing data (e.g., multilocus
sequence typing or multilocus enzyme electrophoresis),
and epidemiologic investigations will be required to sup-
port this hypothesis. Therefore, it remains speculative that
the increased W-135 disease in Turkey may be caused by
spread of Hajj epidemic strain through carriage and trans-
mission by pilgrims.

This study demonstrates the need for good quality,
continued surveillance of bacterial meningitis cases, as well
as the etiology and epidemiology of the causative bacteria.
Only by accurately monitoring meningococcal epidemiol-
ogy will effective vaccination policies be developed. The
bacterial meningitis epidemiologic landscape is not static,
and the causative agents change with time and across re-
gions of the world. This study has demonstrated that the
relative contribution of serogroup W-135 to the meningo-
coccal disease incidence in Turkey is increasing, which is
in contrast to the rest of Europe. Turkey may remain isolat-
ed in terms of W-135 disease incidence or it may represent
the beginning of epidemiologic change in Eastern Europe.
This possibility should be investigated in greater depth and
monitored prospectively. Introduction of vaccines can dra-
matically reduce the meningitis disease incidence, but these
vaccines must be targeted against the correct bacteria and,
where relevant, the correct bacterial serogroup. The choice
of meningococcal conjugate vaccines in Turkey will need
to include coverage for serogroup W-135; introduction of
such a vaccine would be helpful in protecting the Turkish
population from this invasive bacterial meningitis. More-
over, it may also be prudent to switch the meningococcal
vaccine used for pilgrims to conjugated vaccine to prevent
the carriage of the microorganism by pilgrims.

This study was supported by Novartis Vaccines.

Dr Ceyhan is professor of pediatrics and pediatric infectious
diseases at Hacettepe University, Ankara. His areas of interest
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Wide Distribution of a Hig

h-

Virulence Borrelia burgdorferi
Clone in Europe and North America

Wei-Gang Qiu,* John F. Bruno,t William D. McCaig,* Yun Xu,T lan Livey,t Martin E. Schriefer,§
and Benjamin J. Luftt

The A and B clones of Borrelia burgdorferi sensu stric-
to, distinguished by outer surface protein C (ospC) gene
sequences, are commonly associated with disseminated
Lyme disease. To resolve phylogenetic relationships among
isolates, we sequenced 68 isolates from Europe and North
America at 1 chromosomal locus (16S-23S ribosomal RNA
spacer) and 3 plasmid loci (ospC, dbpA, and BBD14). The
ospC-A clone appeared to be highly prevalent on both con-
tinents, and isolates of this clone were uniform in DNA se-
guences, which suggests a recent trans-oceanic migration.
The genetic homogeneity of ospC-A isolates was confirmed
by sequences at 6 additional chromosomal housekeeping
loci (gap, alr, glpA, xylB, ackA, and tgt). In contrast, the
ospC-B group consists of genotypes distinct to each conti-
nent, indicating geographic isolation. We conclude that the
ospC-A clone has dispersed rapidly and widely in the recent
past. The spread of the ospC-A clone may have contrib-
uted, and likely continues to contribute, to the rise of Lyme
disease incidence.

Multilocus sequence typing (MLST) is the use of DNA
sequences at multiple housekeeping loci to character-
ize genetic variations of natural populations of a bacterial
pathogen (1,2). MLST studies showed that local popula-
tions of a bacterial species typically consist of discrete clus-
ters of multilocus sequence types called “clonal complex-
es,” rather than a multitude of randomly assorted genotypes
(2). Remaining to be tested are how such factors as natural
selection, low recombination rate, and genetic drift due
to geographic structuring contribute to the formation and

*Hunter College of the City University of New York, New York, New
York, USA; tStony Brook University, Stony Brook, New York, USA;
FBaxter Innovations GmBH, Orth/Donau, Austria; and §Centers for
Disease Control and Prevention, Fort Collins, Colorado, USA

DOI: 10.3201/eid1407.070880
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maintenance of these clonal complexes in natural bacterial
populations (3,4). Recently, a multilocus sequence analysis
approach was proposed to reconstruct phylogenetic histo-
ries of bacterial clonal complexes by using concatenated
sequences of housekeeping genes when within-loci and
between-loci recombinations are infrequent (5).

Lyme disease is a multisystem infection, with inflam-
matory complications that commonly affect the skin, joints,
and central nervous system in humans (6). Its causative
agent, Borrelia burgdorferi, a spirochete that parasitizes
vertebrates, is transmitted by hard-bodied ticks through-
out the temperate zones of the Northern Hemisphere (7).
Although humans are accidental hosts of B. burgdorferi,
Lyme disease is the most common vector-borne disease
in the United States with >20,000 annual reported cases,
93% of which occurred in 10 northeastern, mid-Atlantic,
and north-central states (8). Small mammals such as white-
footed mice (Peromyscus leucopus) and eastern chipmunks
(Tamias striatus) serve as the main reservoirs of B. burg-
dorferi (9,10). In Europe, B. burgdorferi is transmitted by
Ixodes ricinus ticks (11) and is carried by a large variety of
hosts, including birds and small- to medium-sized mam-
mals (12).

B. burgdorferi sensu stricto is the primary pathogen of
Lyme disease in the United States and is the only pathogenic
genospecies that causes Lyme disease in both North Ameri-
ca and Europe. More than 12 distinct outer surface protein C
(ospC) major sequence types coexist in local B. burgdorferi
sensu stricto populations in the northeastern United States
(13-15). Sequence variability at ospC is the highest among
known genomic loci and is strongly linked to variations at
other genome-wide loci, with occasional recombinant geno-
types caused by plasmid exchanges (16-19).

B. burgdorferi sensu stricto intraspecific clonal com-
plexes may differ in their host specificity and degree of hu-
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man pathogenecity. Different clonal complexes may prefer
different host species (9). A restriction fragment length
polymorphism type of intergenic spacer (IGS) sequence
(corresponding to the 0SpC-A and -B groups) is associated
with hematogenous dissemination in patients with early
stage Lyme disease (20,21). Four ospC clonal complexes
(A, B, I, and K groups) were found to be more likely than
others to cause disseminated Lyme disease (22). Also, an
association of 0spC clonal types with invasive disease in
humans has been found in other pathogenic genospecies
such as B. afzelii and B. garinii (23,24). However, addi-
tional 0spC clonal types have been isolated in patients with
invasive disease (14).

Previous molecular assays found a close relationship
and overlapping genotypes between the European and
North American populations (25-27). These authors found
greater genetic diversity among American strains than Eu-
ropean strains and proposed a North American origin for
this genospecies. Although these studies provided the first
evidence for recent intercontinental migrations, they left
the phylogenetic relationships among clonal complexes un-
resolved because of the use of either anonymous genome-
wide markers (e.g., arbitrarily primed PCR), genes with
a high recombination rate (e.g., 0SpC), or sequences at a
single locus. A phylogeographic approach with multiple

molecular markers provides a more robust inference on
population history (28). Here we obtained a well-resolved
phylogeny of B. burgdorferi sensu stricto clonal complexes
by using multilocus sequence typing at housekeeping loci
as well as loci under adaptive evolution. We found evi-
dence of genetic endemism, recent migration events, and
recombinant genomic types. In fact, the highly pathogenic
0spC-A clone seems to have spread rapidly in recent years
to infect a broad range of host species in 2 continents.

Materials and Methods

B. burgdorferi Isolates and DNA Isolation

The B. burgdorferi sensu stricto isolates were ob-
tained from clinical and tick specimens and cultures from
animals in the United States and Europe and maintained
as frozen stocks at —70°C (Table 1). For in vitro propaga-
tion, a small amount of frozen culture was scraped from the
surface of each sample with a sterile inoculating loop and
injected into complete Barbour-Stoenner-Kelly II medium
(Sigma-Aldrich Corp., St. Louis, MO, USA). Spirochetes
were then cultivated at 34°C. All cultures used in this study
had undergone a maximum of 2 in vitro passages after re-
covery from frozen stock. For isolation of genomic DNA,
10 mL of low-passage log-phase bacteria was harvested by

Table 1. Borrelia burgdorferi isolates*

Isolates studiedt ospC typet

Biologic origin

US frequency§ EU frequency

B31, CS1, CS2, CS3, 1323, A
132b, IP1, IP2, IP3, Ho, HB1,
Lenz, L65, PKa2, Hll

Ixodes scapularis, human

6 (New York) 13 (France, Austria, Germany,

Italy, Russia)

N40, 88a, 167bjm, SD91, NP14 E I. scapularis, human 3 (New York) 6 (Hungary)
136b, 163b, 297, CS6, CS9, K I. scapularis, human 6 (New England) 1 (Hungary)
OEA11
109a, 160b, 64b, CS7, M14151 B1 I. scapularis, human, 5 (New York, Michigan) 0
Peromyscus leucopus
JD1 Cc I. scapularis 1 (Massachusetts) 0
121a D Human 1 (New York) 0
MI407 F P. leucopus 1 (Michigan) 0
72a G Human 1 (New York) 0
156a, 156b, MI403, MI1411 H Human, Tamias striatus 4 (New York, Michigan) 0
86b, 97b, MI4091 | Human, T. striatus 3 (New York, Michigan) 0
118a J Human 1 (New York) 0
CS8, 80a, M14181 N I. scapularis, human, P. 3 (New York, Michigan) 0
leucopus
94a, CS5 U Human, I. scapularis 2 (New York) 0
Bol12, VS219, Lx36, ZS7 B2 . ricinus, human 0 17 (Finland, Denmark,
Switzerland, Italy, Austria,
Slovakia, Germany)
Y1, Y10, 217-5, Bol6, Z6 L . ricinus 0 10 (Finland, Poland, Italy,
Austria)
Fr-93/1, Bol15, Bol25, Bol27 Q . ricinus, human 0 4 (Poland, Italy)
Bol26,1 29, PO7 S . ricinus, human 0 3 (Italy, Austria)
Bol29, Bol30 \% Human 0 15 (Italy, Switzerland,
Slovenia, Germany)
Sv1 X . ricinus 0 1 (Finland)
Ri5 W . ricinus 0 1 (Finland)

*ospC, outer surface protein C; US, United States; EU, European Union.
tlsolates subjected to multilocus sequence typing analysis.

FType names follow (13), except that B was split to B1 and B2, and 3 new types (V, X, W) were assigned to European isolates.
§Number and geographic origins of an ospC type in our collection.
fllsolates showing evidence for plasmid-chromosome recombination.
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centrifugation at 10,000 rpm for 30 min at 4°C. The bacteri-
al pellet was washed twice with Tris-Cl buffer (10 mmol/L
Tris [pH 7.5], 100 mmol/L NaCl), and resuspended in 430
pL TES (10 mmol/L Tris [pH 7.5], 100 mmol/L NaCl, 10
mmol/L EDTA). Subsequently, 10 uL of freshly prepared
lysozyme (50 mg/mL), 50 pL Sarkosyl (10%), and 10 pL
proteinase K (10 mg/mL) were then added, and the mix-
ture was incubated at 50°C overnight before RNase treat-
ment. After incubation, DNA was extracted with phenol/
chloroform and chloroform, precipitated with ethanol, and
finally resuspended in TE buffer (1 mmol/L Tris [pH7.5],
1 mmol/L EDTA).

Genomic Markers, PCR Amplifications,
and DNA Sequencing

PCR amplifications were attempted at 4 genomic loci
for all isolates and at 6 chromosomal housekeeping loci for
a genetically representative subset of isolates (Table 2). The
IGS locus was chosen for its phylogenetically informative
polymorphisms (16,20). The IGS locus and 6 housekeeping
genes (gap, alr, glpA, xylIB, ackA, tgt) were approximately
evenly distributed on the main chromosome based on the
B31 genome (29). The 3 plasmidborne loci were selected
for their high sequence variability and for the absence of
close paralogs based on a genome comparison (17,19). IGS
sequences were amplified by using a nested PCR procedure
(30). Because of high sequence variability, dbpA sequenc-
es were amplified by using 2 alternative forward primers.
PCR amplification was performed in 50 pL containing
200 mmol/L of each dNTP, 2.0 mmol/L MgSO,, 2.5 U of
Platinum Taq DNA polymerase High Fidelity (Invitrogen,
Carlsbad, CA, USA), 0.5 pmol/L of each primer, and 100
ng of genomic DNA template. Following denaturation at
94°C for 1 min, samples underwent 30 cycles of denatur-
ation at 94°C for 30 s, annealing at 55°C for 30s, initial
extension at 68°C for 1.5 min, and a final extension step
at 68°C for 10 min. PCR products were purified by GFX
chromatography (Amersham Pharmacia Biotech, Inc., Pis-
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cataway, NJ, USA), resolved by agarose gel electrophore-
sis, and visualized by ethidium bromide staining. Purified
amplicons were sequenced by using standard dideoxy ter-
minator chemistry as outlined below with the forward and
reverse PCR primers. Absence of specific PCR products,
indicating potential absence of particular genetic loci or
plasmids, was confirmed by follow-up amplifications of the
flanking DNA segments.

Automated DNA sequencing of both strands of each
fragment was performed by the Stony Brook University
Core DNA Sequencing Facility (Stony Brook, NY, USA)
by using the dye-terminator method with the same oligo-
nucleotide primers used for PCR amplification or, where
required, appropriate internal primers. Sequences were
inspected and assembled with the aid of the Sequencher
program (Gene Codes, Inc., Ann Arbor, MI, USA). DNA
sequences were analyzed by using the BLASTN program
through GenBank at the National Center for Biotechnology
Information (www.ncbi.nlm.nih.gov). Nucleotide and pro-
tein sequence alignments were performed with MacVector
version 6.5 (MacVector, Inc., Cary, NC, USA). New se-
quences were deposited to GenBank under accession nos.
EF537321-EF537573.

Phylogenetic Inference and Tests
of Population Differentiation

The IGS sequences were used to resolve intraspecific
phylogenetic relationships among B. burgdorferi isolates
(16,20). Two highly divergent tick isolates from Finland
(SVI and Ri5) were used as outgroups for rooting the
phylogenetic tree. IGS sequences were aligned by using
ClustalW (31). A Bayesian majority-rule consensus tree
was estimated by using MrBayes (version 2.1) (32) as de-
scribed previously (19). Sequences at the 3 plasmid-borne
protein—coding loci were translated into protein sequences
and aligned in a pairwise fashion with ClustalW (31). Nu-
cleotide alignments were obtained according to the protein
alignments. Neighbor-joining trees based on pairwise nu-

Table 2. Genomic markers and PCR primers

Locus*

Primer sequence (5' — 3t

Locationt

BBO0057 (gap)
BB0160 (alr)
BB0243 (glpA)
IGS (rrs-rrlA)

F-ATGAAATTGGCTATTAATGG, R-TTGAGCAAGATCAACCACTC

Main chromosome (52.5 K)

F-ATGTATAATAATAAAACAATGG, R-ATTTTCTCTTTTCGTATTTTCC
F-ATGGAGGAATATTTAAATTTC, R-GTTCATTTTTCCACTCTTC
1st round§: F-GGTATGTTTAGTGAGGG, R-GGTTAGAGCGCAGGTCTG;

Main chromosome (160 K)
Main chromosome (249 K)
Main chromosome (444 K)

2nd round: F-CGTACTGGAAAGTGCGGCTG,
R-GATGTTCAACTCATCCTGGTCCC

BB0545 (xyIB)
BB0622 (ackA)
BB0809 (igt)

F-ATGAATGCTCTTAGTATTG, R-CCCGTTAACAAATAGAC
F-TTGTCAAATACAAAAGG, R-AATGTCTTCAAGAATGG
F-ATGTTTAGTGTAATCAAGAATG, R-ATCGAAATTTTCCTCTTCATAC

Main chromosome (555 K)
Main chromosome (649 K)
Main chromosome (855 K)

BBA24 (dpbA) F1-TAATGTTATGATTAAATG, F2-ATGAATAAATATCAAAAAAC, Ip54
R-GAAATTCCAAATAACATC

BBB19 (ospC) F-CCGTTAGTCCAATGGCTCCAG, R-ATGCAAATTAAAGTTAATATC cp26

BBD14 F-ATGATAATAAAAATAAAAAATAATG, R-ATTTTGATTAATTTTAATTTTGCTG Ip17

*B31 open reading frame (gene) names. IGS, intergenic spacer.
1F, forward; R, reverse.

FApproximate starting positions on the B31 genome (29).
§Source: (30).
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cleotide sequence distances were inferred by using PHYLIP
(33) and plotted by using the APE package of the R statisti-
cal package (34). Genetic differentiation among geographic
populations was tested by using the analysis of molecular
variance (AMOVA) method implemented in the software
package Arlequin 3.1 (35). The 6 housekeeping genes were
used to infer the overall within- and between-genospecies
phylogeny. Sequences of strains B31 and PBi (B. garinii)
were downloaded from GenBank (29,36). Sequences of
N40, JD1, DN127 (B. bissettii), and PKo (B. afzelii) were
from draft genomes (S. Casjens, pers. comm.). The 6 align-
ments were concatenated and tested for the presence of gene
conversion by using GENECONV with the “within-group
fragments only” option (37). Two approaches, a Bayesian
method with codon site-specific evolutionary rates (using
MrBayes) and the other maximum likelihood method with
100 bootstrapped alignments (using DNAML in PHYLIP)
(33), were used for phylogenetic reconstruction based on
concatenated sequences. Branch supports were measured
by the posterior probabilities in the Bayesian method and
the bootstrap values in the maximum likelihood method.

Results and Discussion

AMOVA Tests of Geographic Differentiation

We sequenced 68 isolates (including 30 from north-
eastern United States, 6 from the midwestern United States,
and 32 from Europe) at a single chromosomal locus (IGS)
and 3 plasmid loci (ospC, dbpA, and BBD14). Using
AMOVA, we evaluated the genetic differentiation among
geographic samples and found significant genetic differen-
tiation between the North American and European popula-
tions at IGS, ospC, and dbpA, but not BBD14 (Table 3).
Among these loci, IGS is the most informative in reflecting
the effect of genetic drift caused by geographic isolation
because sequence variations at IGS are likely to be selec-
tively neutral. In addition, IGS is on the main chromosome
and less likely to be subject to gene conversion. Genetic
variations at 3 plasmid loci are more likely to be influenced
by natural selection such as adaptation to local vector and
host species. Also, plasmid genes are more likely to be

transferred so that footprints of geographic isolation might
be obscured by gene flow between populations. Natural se-
lection can both enhance and reduce geographic differen-
tiation. With adaptation to local habitats, natural selection
acts to enhance the geographic divergence, especially at
target loci. On the other hand, diversifying selection within
populations inflates within-population diversity, which re-
sults in lack of differentiation within populations relative to
the within-population polymorphism.

The low level of geographic differentiation at ospC
showed the divergence-reducing effect of natural selection.
Genetic variability of 0SpC is as high within populations as
between populations and is caused by diversifying natural
selection (9,13). In such a case, summary statistics such as
AMOVA fixation index (F;) are misleading because se-
quence cluster analysis showed that most ospC alleles have
geographically restricted distributions (Figure 1, panel B).
The insignificant AMOVA result at BBD 14 might be due to
a similar effect of high within-population polymorphisms as
a result of diversifying selection. In contrast, dopA showed
the divergence-enhancing effect of natural selection. The
dbpA locus showed the highest level of geographic differ-
entiation, owing to a shared allelic type among B2, L, S, Q,
and V clonal groups in Europe (Table 3; Figure 1, panel C).
An adaptive sweep likely has homogenized these divergent
European lineages at dbpA.

In summary, on the basis of the neutral genetic vari-
ations at IGS, we conclude that the European and North
American populations of B. burgdorferi sensu stricto have
diverged significantly because of genetic drift. Plasmid
genes evolved independently and showed various effects
of adaptive divergence and diversifying selection. At all 4
loci, genetic variations within the 2 continents contributed
to most (>70%) of the total sequence diversity, which sug-
gests recent common ancestry, migration, or both, between
the European and North American populations.

Endemic and Shared ospC Alleles

Gene trees showed more detailed pictures of geo-
graphic variations at each locus (Figure 1). Among the 17
major sequence groups of 0SpC, 2 minor sequence variants

Table 3. Analysis of molecular variance results*t

Molecular variance, %

Nucleotide diversity, ©

Locus Between continents Within continents North America Europe Fixation index (Fsr)F
IGS 19.5 80.5 0.0253 0.0243 0.19528

ospC 3.13 96.87 0.2066 0.1900 0.03131

dbpA 26.5 73.5 0.1480 0.0999 0.26508
BBD14 2.54 97.46 0.0834 0.1333 0.0254 (NS)

*IGS, intergenic spacer; ospC, outer surface protein C; NS, not significant (p>0.05).

TResults were obtained by using Arlequin 3.1 (35). Samples were 66 IGS sequences divided into 2 continental populations: North America (36 sequences
from New York, Connecticut, Massachusetts, and Michigan) and Europe (30 sequences from Italy, Austria, France, Germany, Switzerland, Poland,
Hungary, Slovenia, and Finland). Two outgroup sequences (SV1 and Ri5) were excluded from the European sample. Genetic distances between

haplotypes were based on the Kimura 2-parameter model.
fLevels of significance were obtained by 1,000 permutations.
§p<0.001.

10.01<p<0.05.
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Figure 1. Gene trees showing nucleotide

sequence clusters of 68 Borrelia burgdorferi
isolates at 1 chromosomal locus (panel A:
rrs-rrlA - spacer, or intergenic spacer [IGS])
and 3 plasmid loci (panels B, C, and D: ospC
on cp26, dbpA on Ip54, and BBD14 on Ipl7,

respectively). Trees were inferred based
on nucleotide sequence alignments and

were rooted by using the Ri5, SV1, or both,
sequences as outgroups. The DNADIST and
neighbor-joining programs of the PHYLIP
package (33) were used for distance
calculation and the APE software package
(34) was used for tree plotting. Isolates
were grouped as clonal groups (A through
U), which are named by their typical ospC

alleles. Five isolates (Bol26, VS219, MI409,
MI415, and MI418) showing atypical allelic
associations with ospC alleles, likely caused
by recombination, were labeled in orange.
Red, European isolates; blue, northeastern
US isolates; green, midwestern US isolates.
Scale bars indicate the number of nucleotide
substitutions per site.

of major-group allele B were geographically distinct and
thereby named B1 in North America and B2 in Europe.
Three ospC alleles (A, E, and K) were observed in both
continents, 5 (B2, S, L, Q, and V) exclusively in Europe
(not including the outgroup Ri5 and SV1 alleles), and 10
(Bl, C, D, F, G, H, I, J, N, and U) exclusively in North
America (Table 1). Although the sample sizes of the North
America isolates were small, the same set of ospC alleles
has repeatedly been identified in surveys of natural popu-
lations (14-16,38). These isolates are therefore a reason-
ably complete representation of ospC diversity in North
America. How well our European samples represent the
overall ospC diversity in Europe is less certain because the
European isolates were from an archived collection rather
than from systematic surveys of natural populations. For
instance, 0spC alleles J, P, and R have been identified in
Europe (26). Nonetheless, 0SpC-A appeared to be the only
allele that is highly prevalent on both continents (Table 1).
An earlier study showed that oSpC-A and 0ospC-B alleles
existed in both continents, whereas other ospC alleles were
geographically distinct (K, J, F in North America and P,
Q, R, S in Europe) (24). Our results further suggested that
the 0spC-B clonal group had 2 geographically distinct sub-
types (Figure 1, panel B).
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Recombinant Genotypes

Previous MLST studies showed complete linkage be-
tween 0SpC and other loci on plasmids or the main chro-
mosome in the North American populations (15,16). This
finding is consistent with our study, in which allelic types
at IGS, dbpA, and BBD14 of the 68 isolates were almost
entirely predictable from their oSpC types. Because of the
nearly complete linkage between 0spC and a locus, indi-
vidual clonal complexes could conveniently be named after
their ospC alleles. However, 5 isolates showed alleles at
non-0spC loci inconsistent with allelic types typically as-
sociated with their ospC alleles, including MI1409, MI415,
and MI418 from the midwestern United States and Bol26
and VS219 from Europe (Figure 1). Because these geno-
types were new combinations of allelic types found else-
where, they are more likely to be recombinant genotypes
caused by plasmid exchanges, rather than locally evolved
new genotypes (17). Notably, these probable recombi-
nants were from samples from either the midwestern Unit-
ed States or Europe, and none were from the intensively
surveyed northeastern United States. A higher number of
clones in the northeastern United States than elsewhere
could be understood because B. burgdorferi populations in
that region are evolutionarily young and show an epidemic
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population structure (15,19). On the basis of the presence
of allele types at 4 loci, we determined preliminarily that
Bol26 is a group Q or V clone with a transferred ospC-S al-
lele because Bol26 clustered with group Q and V isolates at
IGS, dbpA, and BBD14 (Figure 1). By the same reasoning,
VS219 is a group B2 clone with a transferred BBD14 al-
lele. We are currently investigating the donor and recipient
genomic types of these recombinant isolates by sequencing
6 additional loci.

Recent Trans-Oceanic Dispersals

Three clonal complexes (A, E, K) are distributed in
both continents (Table 1). For the A clonal group, 6 isolates
from the United States and 11 isolates from Europe were
sequenced at 4 loci. The 4-locus sequences of the isolates
between the 2 continents were identical (Figure 1). Thus,
the A clonal complex likely was dispersed across the Atlan-
tic Ocean rather recently. To verify the genetic homogene-
ity of group A isolates from the 2 continents, we randomly
selected 4 group A isolates (B31 and 132b from the United
States; IP1 and PKa2 from Europe) for further sequencing
at an additional 6 chromosomal loci. No fixed sequence dif-
ferences between 2 continental samples were found, which
lends further support for the recent trans-oceanic migration
of the A clone (Figure 2). Similarly, the 4-loci sequenc-
es of E and K isolates between the 2 continental samples
were identical, indicating recent migration of these clonal
groups as well (Figure 1). However, the E and K groups
seemed less prevalent in Europe than the A group (Table
1). Because individual ticks and hosts are commonly in-
fected with multiple B. burgdorferi clones, any migration,
whether by natural or human-facilitated mechanisms, is
likely to involve a mixture of clonal groups, rather than a
single clone. Upon their arrival, however, clonal groups
may differ in their ability to colonize a new niche consist-
ing of novel vector and host species. By this reasoning, the
A clone is the most ecologically successful strain, able to
thrive in a new niche with little genetic change. This con-
clusion is supported by surveys that showed a broad range
of host species for this clonal group (9,10).

We could not determine conclusively the direction,
timing, or number of the trans-oceanic dispersals. Assum-
ing that the chromosomal gene tree in Figure 2, panel B, is
an accurate representation of the phylogeny of these clonal
groups, a parsimonious scenario is that an early migrant
from Europe was the ancestor of the North American clade
consisting of the A and B1 groups, and a more recent mi-
gration has introduced the A group to Europe. However,
none of the basal branches of this gene tree was well sup-
ported (Figure 2). Multilocus sequencing of more loci, es-
pecially rapidly evolving plasmid loci, of group A isolates
will help find more conclusive answers to these questions.
To estimate the time of the A clone migration, we noted
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that no fixed differences in nucleotides occurred within
a total of 11,167 aligned bases at 7 chromosomal and 3
plasmid loci. If one assumes a neutral evolutionary rate on
the order of 1 substitution per site per million years, the
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Figure 2. Species phylogeny based on concatenated sequences
at housekeeping loci. Seventeen isolates include 1 Borrelia garinii
strain (PBI), 1 B. afzelii strain (PKo), 1 B. bissettii strain (DN127), 2
strains of an unnamed genomic species (SV1 and Ri5), and 12 B.
burgdorferi sensu stricto isolates. These strains were selected for
reconstructing interspecies phylogeny (hence species samples),
as well as for resolving the clade containing clonal groups A and
B (A, B1, and B2 are represented by 2 isolates). Sequences at 6
chromosomal housekeeping loci (gap, alr, glpA, xyIB, ackA, and
tgt) were obtained for each strain, with B31 and PBi sequences
from published genomes (29,36), N40, JD1, PKo, and DN127
sequences from draft genomes (S. Casjens et al. pers. comm.).
Sequences of the remaining strains were obtained by direct
sequencing. The total length of concatenated alignment is 7,509
nt. A) Consensus of maximum likelihood trees obtained by using
DNAML of the PHYLIP package (33). Branch support values are
based on 100 bootstrapped replicates of the original alignment. B)
Enlarged view of B. burgdorferi sensu stricto subtree. Tips were
colored by geographic origin of the isolate (blue, North America;
red, Europe) and were labeled with ospC major-group allele type.
Scale bars indicate the number of nucleotide substitutions per site.
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Poisson zero-term probabilities that no fixed difference has
occurred within 11,167 bases in the past 50, 100, and 200
years are 0.33, 0.10, and 0.011, respectively. Therefore, the
trans-oceanic migration of clone A likely occurred more
recently than 200 years ago. More realistic estimates would
depend on studies of the neutral mutation rate and genera-
tion time of B. burgdorferi in the wild.

Phylogenetic Heterogeneity of Group B Isolates

The 0spC-B clonal group is another highly virulent
strain identified by association studies (20-22,24). Initially,
group B seemed to be another clone that is distributed in
both continents with a few sequence differences at IGS and
ospC (Figure 1). Sequencing at additional 6 housekeeping
loci, however, showed deep phylogenetic heterogeneity of
the B group, while the A group remained homogeneous
(Figure 2). The 2 B clonal complexes (B1 in North America
and B2 in Europe) do not form a monophyletic clade (Fig-
ure 2). Rather, B2 clusters with other European clones (V
and Q). Also, clones B1 and A, the 2 closest North Ameri-
can relatives, do not form a well-supported clade (only
51% bootstrap support). Clearly, unlike the A clone, the
bicontinental distribution of the B clone is not due to recent
migration. Sharing of similar ospC B alleles between the
2 continents may be due to stabilizing selection or lateral
transfer. Because few synonymous changes have occurred
between the Bl and B2 alleles, lateral transfer is a more
likely cause.

The B2/Q/V showed as a European clade with nearly
uniform chromosomal sequences, although it had highly
divergent ospC alleles (Figure 2). This evidence, based on
chromosome-wide genes, strengthens the conclusions of an
earlier study that adaptive, large sequence variations at 0spC
are associated with incipient genome divergence (19).

Finally, the overall genospecies phylogeny based on
MLST showed that the 2 European isolates (Ri5 and SV1)
that we used as outgroups may be a new genospecies (Fig-
ure 2). This phylogeny is robust because tests of recombina-
tion using GENECONYV showed no statistically significant
gene conversion within the 6 chromosomal housekeeping
loci (37). The hypothetical genospecies represented by Ri5
and SV1 is more closely related to B. burgdorferi sensu
stricto than B. bissettii (represented here by DN127) is to B.
burgdorferi sensu stricto. Thus, the MLST phylogeny sug-
gests a possibility that Europe, rather than North America,
may be the origin of B. burgdorferi sensu stricto, despite a
higher contemporary genetic heterogeneity in North Amer-
ica than in Europe.

Conclusions

To summarize, the present study used 7 chromosomal
loci (IGS and 6 housekeeping genes) to reconstruct the in-
tra- and interspecific phylogeographic histories of B. burg-
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dorferi sensu stricto. Although the standard MLST scheme
based on housekeeping genes enables estimates of recom-
bination and mutation rates as well as intraspecific phylog-
enies (2,5), our approach of including plasmidborne loci
under positive selection helped identify the selective causes
of bacterial lineage divergence. Our results showed signifi-
cant endemic lineage diversification among regional popu-
lations, discovered recombinant genotypes, and strongly
indicated migrations between North American and Euro-
pean populations in modern times. The highly pathogenic
clonal complex A has a prominent presence in both conti-
nents, which suggests its success in finding ecologic niches
that enable it to infect a broad range of host and vector spe-
cies. The same genetic basis of the ecologic invasiveness of
the 0spC-A clone may be underlying its high virulence to
humans. The emergence of Lyme disease in North America
since the 1970s has been attributed to an increasing overlap
of human and B. burgdorferi habitats (39). On the basis
of our evidence of migration events, we propose that the
trans-oceanic dispersal and colonization of ecologically
highly successful clonal complexes (e.g., the A group) may
also have played a substantial role.
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AIDS Patient Death
Caused by Novel
Cryptococcus
neoformans x

C. gattii Hybrid

Marjan Bovers,**? Ferry Hagen,*1*
Eiko E. Kuramae,* Hans L. Hoogveld,*
Francoise Dromer,§ Guy St-Germain,{

and Teun Boekhout*t

Interspecies hybrids of Cryptococcus neoformans and
C. gattii have only recently been reported. We describe a
novel C. neoformans x C. gattii hybrid strain (serotype AB)
that was previously described as C. gattii and that caused a
lethal infection in an AIDS patient from Canada.

Cryptococcus neoformans and C. gattii are pathogenic
yeasts that may cause meningoencephalitis. C. neo-
formans primarily infects immunocompromised patients
and occurs worldwide, whereas C. gattii primarily mainly
infects otherwise healthy persons and has been thought to
occur in subtropical regions (1-3). However, the recent
outbreak of infection with C. gattii on Vancouver Island,
British Columbia, Canada (4), expansion of this outbreak
to mainland Canada and the Pacific Northwest region of the
United States (5), and identification of C. gattii isolates in
Europe (6) show that C. gattii can also occur in temperate
climates. Molecular techniques can distinguish 7 haploid
genotypic groups within C. neoformans and C. gattii (7-9;
F. Hagen and T. Boekhout, unpub. data).

Recently, 3 serotype BD C. neoformans var. neofor-
mans x C. gattii hybrids were isolated from 2 HIV-negative
patients in the Netherlands (10). We describe a novel C.
neoformans var. grubii serotype A x C. gattii serotype B
hybrid that was isolated from an HIV-positive person.

The Study

Strain CBS10496 was isolated from a 31-year-old
AIDS patient from Montreal, Quebec, Canada, who had
traveled to Mexico =15 months before cryptococcosis was
diagnosed. The patient died despite extensive antifungal
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Publiqgue Quebec, Sainte-Anne-de-Bellevue, Quebec, Canada
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treatment with ketoconazole and amphotericin B (11).
CBS 10496 has been identified as C. gattii serotype B (cited
as C. neoformans var. gattii) (11). Reference isolates used
in this study are listed in the Table.

The ploidy of CBS10496 was determined by using
flow cytometry (10) with the sequenced haploid strains
CBS8710 and CBS10510 as references. Nuclei were vi-
sualized after staining with 4’,6-diamidino-2-phenylindole
(10). Coloration of colonies grown on canavanine-glycine-
bromthymol blue (CGB) medium (12) was determined
after incubation at 24°C for 6 and 15 days. The serotype
of CBS10496 was determined by using the CryptoCheck
serotyping kit (Iatron Laboratories, Tokyo, Japan).

Ten colonies of CBS10496 were used for DNA ex-
traction (10). DNA of these colonies was used for ampli-
fied fragment length polymorphism (AFLP) analysis (7).
The partial sequence of 6 nuclear regions was determined
for reference isolates CBS10488—-CBS10490, CBS1622,
CBS6992, and the putative hybrid isolate CBS10496. Se-
lected nuclear regions were those for internal transcribed
spacer (ITS) region, intergenic spacer region, laccase (CN-
LAC1), 2 RNA polymerase II subunits (RPB1 and RPB2),
and translation elongation factor 1o (TEF1a) (9,10). Mating
types and serotype were determined as described (10,13).

DNA content of CBS10496 was compared with
that of CBS8710 and CBS10510. The G1 peak of refer-
ence strains was located at positions 31.6 (CBS8710) and
31.1 (CBS10510), and the G2 peak was located at posi-
tions 65.8 (CBS8710) and 56.4 (CBS10510). The Gl
peak of CBS10496 was located at position 57.5, and the
G2 peak was located at position 115.7. Thus, the G1 peak
of CBS10496 coincided with the G2 peak of the haploid
strains (Figure 1, panel A), which indicates that CBS10496
has =2x more DNA than haploid strains. We concluded
that CBS10496 is diploid or aneuploid. Staining with 4’,6-
diamidino-2-phenylindole showed that cells of CBS10496
were monokaryotic (Figure 1, panel B).

Reaction of CBS10496 on CGB medium was nega-
tive, which corresponds to C. neoformans (12). The Cryp-
toCheck serotyping kit serum factors 5 (corresponding to
serotype B) and 7 (corresponding to serotype A) aggluti-
nated, which indicated that CBS10496 is a serotype AB
strain.

The AFLP fingerprint obtained by analysis of colo-
nies of CBS10496 did not match any of the previously
defined AFLP genotypes. The fingerprint of CBS10496
was compared with AFLP fingerprints of reference strains
CBS8710 and CBS9172, which are AFLP1/VNI, and E566
and CBS10510, which are AFLP4/VGI. The AFLP finger-

"These authors contributed equally to this article.

2Current affiliation: Netherlands Commission on Genetic Modification,
Bilthoven, the Netherlands.
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Table. Cryptococcus spp. strains used in this study*

Mating AFLP/M13
Straint typef/serotype genotype§ Source Country
CBS9172 aA AFLP1/VNI Soil sample from garden of patient with Italy

neighboring bird colonies

CBS8710 (H99) aA AFLP1/VNI Patient with Hodgkin disease United States
CBS1622 oB AFLP4/VGI Tumor France
CBS6992 aB AFLP4/VGI Human Unknown
E566 aB AFLP4/VGI Eucalyptus camaldulensis Australia
CBS10510 (WM276) aB AFLP4/VGI Debris of E. tereticornis Australia
CBS10488 (AMC770616) aBaD AFLP8/NA Human CSF The Netherlands
CBS10489 (AMC2010404) aBaD AFLP8/NA Human CSF The Netherlands
CBS10490 (AMC2011225) aBaD AFLP8/NA Human CSF The Netherlands
CBS10496 (LSPQ#308) aA-B AFLP9/NA Blood of an HIV-positive patient Canada

*AFLP, amplified fragment length polymorphism; CBS, Fungal Biodiversity Centre; AMC, Netherlands Reference Laboratory for Bacterial Meningitis,
Academic Medical Center, Amsterdam, the Netherlands; NA, not applicable; CSF, cerebrospinal fluid.

TOrigin and genetic composition of the strains are indicated.
F —, mating type unknown.

SAFLP fingerprint genotype (7), followed by corresponding M13 PCR fingerprint genotype (8).

print of CBS10496 contained fragments characteristic of
AFLP1/VNI and AFLP4/VGI (Figure 2), which indicated
that genetic material from these 2 genotypes was present in
this isolate.

Two alleles representing AFLP1/VNI and AFLP4/VGI
were found when fragments of RPB1, RPB2, CNLACL,
and intergenic spacer region of CBS10496 were cloned
and sequenced. However, after 30 clones were sequenced,
only 1 allele was obtained for TEFla, i.e., AFLP4/VGI,
and ITS, i.e., AFLP1/VNI. Our results indicate that genetic
material from AFLP1/VNI and AFLP4/VGI was pres-
ent in CBS10496, although only 1 allele was obtained for
TEFlo and ITS. All sequences were submitted to GenBank
(accession nos. DQ286656-DQ286676 and EF102027—
EF102072).

A 128

Events
—
e

Amplification of CBS10496 in a PCR with the MATa
and the MATa serotype A—specific primer pair resulted in an
amplicon. When MATa and the MATa serotype A—specific
PCRs were conducted, no amplicon was obtained. These
findings indicate that CBS10496 has a MATa serotype A
background. All reference strains yielded amplicons with
the expected primer pairs. In addition, CBS10510, a MATa
serotype B strain, was amplified with the MATa specific
primer pair, and E566, a MATa serotype B strain, yielded
an amplicon with the MATa-specific PCR. These results in-
dicate that a C. gattii and a MATa serotype A background
are present in CBS10496. Because the mating type of the
C. gattii background within CBS10496 was unknown, 30
MATa clones of CBS10496 were sequenced to determine
whether a MATa serotype B allele could be identified.

Fluorescent intensity

10°

Figure 1. A) Determination of ploidy of the novel Cryptococcus neoformans x C. gattii serotype AB hybrid isolate CBS10496 by flow
cytometry. The first peak corresponds to the G1 phase; the second peak corresponds to the G2 phase. Haploid reference strain CBS10510
is shown by the red line; CBS10496 is shown by the black line. The G1 peak of CBS10496 coincided with the G2 peak of strain CBS10510,
which indicated that strain CBS10496 has approximately twice the amount of DNA than CBS10510. B) Nuclear staining of isolate CBS10496
with 4',6-diamidino-2-phenylindole, showing that cells are monokaryotic. Scale bar = 10 um.
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Figure 2. Amplified fragment length polymorphism (AFLP) fingerprint of 3 colonies of the novel Cryptococcus neoformans x C. gattii hybrid
serotype AB isolate CBS10496 and 4 reference strains. CBS9172 and CBS8710 are C. neoformans var. grubii (AFLP1/VNI) strains; E566
and CBS10510 are C. gattii (AFLP4/VGI) strains. Rectangles indicate AFLP fragments characteristic for AFLP1/VNI or AFLP4/VGI and

present in isolate CBS10496.

However, all clones were MATa serotype A; no MATa se-
rotype B clones were found.

Conclusions

Our results indicated that CBS10496 is a monokary-
otic, diploid, or aneuploid strain with the novel AB sero-
type. AFLP and sequence analysis showed that the isolate
contained fragments of C. neoformans var. grubii (AFLP1/
VNI) and C. gattii (AFLP4/VGI). We conclude that this
isolate is a novel aneuploid hybrid of C. neoformans var.
grubii (serotype A, AFLP1/VNI) and C. gattii (serotype B,
AFLP4/VGI).

CBS10496 had been identified as C. gattii on the ba-
sis of a weak positive reaction on CGB medium (11). Our
results indicated that CBS10496 was negative on CGB me-
dium. Although a negative response on CGB medium has
been shown for other C. neoformans x C. gattii hybrids
(10,14), weak and delayed positive reactions on CGB me-
dium may occur in C. neoformans x C. gattii hybrid isolates
(10,14). CBS10496 was previously identified as a serotype
B strain (11). Inconsistent serotyping results have been re-
ported for other hybrids (10,15) and may result from differ-
ences in specificity and potency among different batches of
factor serum. All C. neoformans x C. gattii hybrids discov-
ered have originated from clinical sources (13; F. Hagen
and T. Boekhout, unpub. data).

We expected that CBS10496 would have 2 mating-
type loci. However, only a serotype A MATo background
was observed. Although an amplicon was obtained with
C. gattii-specific mating-type primers, the C. gattii back-
ground could not be linked to a mating type. We hypoth-
esize that the serotype AB C. neoformans x C. gattii hybrid
CBS10496 was formed by mating of a MATa serotype B
strain with a MATa serotype A strain and subsequent loss
of the MATa serotype B allele. Detection of single ITS and
TEF1la alleles in CBS10496 further supports our findings
because it indicates that other alleles were also lost. Loss of
genetic material has been observed in other hybrids, such
as serotype AD and BD hybrids (14), and seems to be a
normal process in cryptococcal hybrids.

Our results show that the C. gattii parent of the sero-
type AB hybrid belongs to the AFLP4/VGI genotype, as

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 14, No. 7, July 2008

was the case for serotype BD hybrids (10). The C. gattii
parental sequence of all known serotype BD C. neoformans
x C. gattii hybrid isolates was identical to sequences of
AFLP4/VGI strains CBS1622 and CBS6992 in all regions
studied (9). Detection of 1 specific C. gattii-AFLP4/VGI
subgroup in all isolated C. neoformans x C. gattii hybrids
may indicate that this subgroup preferentially forms inter-
species hybrids.
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Vloten Foundation. E.E.K. is supported by the Renewal Fund of
the Royal Netherlands Academy of Arts and Sciences.
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Swine Trichinella
Infection and
Geographic
Information
System Tools

Robin Burke,* Penny Masuoka,*
and K. Darwin Murrell*

Pastured pigs are vulnerable to Trichinella spiralis in-
fection through exposure to wild reservoir hosts. To evalu-
ate the potential impact of the expanding production of pork
from pasture-raised pigs, we mapped locations of T. spiralis
occurrence and pastured-pig farms in the United States.
Twenty-eight farms were located within 50 km of previous
infection.

he incidence of Trichinella spiralis infection in humans

and swine has declined markedly in North America
over the past 20 years; however, sporadic outbreaks still
occur (1,2). The importance of sylvatic reservoir hosts in
the persistence of T. spiralis infection risk is well-docu-
mented, even in countries that have made substantial gains
in controlling the infection in swine (2-5); T. spiralis in-
fection has been recently demonstrated in foxes in Ireland,
where no pig infections had been identified for 30 years,
(6). The outdoor rearing of pigs is a major risk because
of increased exposure to sylvatic and synanthropic hosts
(2-10). Transmission of T. spiralis from infected farm pigs
to synanthropic (e.g., rats, cats, raccoons) and local sylvatic
animal populations also occurs (3,11).

Pastured-pig operations in the United States have ex-
perienced substantial growth in recent years. The number
of pigs reared in organic livestock operations, which by law
must pasture pigs for at least some part of the day, rose
from 1,724 in 2000 to 10,018 in 2005 (12). An even larger
number of pigs (>100,000) are now being reared nonor-
ganically on pasture and marketed as “pastured, humane,
or free-range” pigs. (See below for source of information.)
Because of the sporadic occurrence and distribution of out-
breaks, and the lack of routine monitoring, the impact of
this increase on the risk for T. spiralis infection for pastured
farm swine is unknown. We report the use of geographic
information system (GIS) methods to locate potential high-
risk foci to facilitate targeting of surveillance for domestic

*Uniformed Services University of the Health Sciences, Bethesda,
Maryland, USA
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pig infections, similar to the recent study identifying areas
of risk for fascioliasis (13).

The Study

Two Trichinella databases (All Hosts and Domestic
Pig) were compiled by using literature published over the
past 60 years (full list of references provided on request
from kdmurrell@comcast.net) and Trichinella isolate re-
cords from North America, maintained at the International
Trichinella Reference Center in Rome (www.iss.it/site/
Trichinella). The All Hosts database contains records on
T. spiralis infections in wildlife, including synanthropic
species such as rats, cats, skunks, and foxes. The second
database, Domestic Pig, contains records on T. spiralis
from domestic pigs. The sylvatic species T. nativa and T.
murrelli, which occur in North America, are not infective
for pigs (Sus scrofa). T. pseudospiralis, which has low in-
fectivity for pigs, has been reported only from a vulture
and from a wild boar in North America, but because of the
wide range of the former species (12,000-18,000 ha) and
the location of wild boars >150 km from a known pastured-
pig operation, we excluded this species from our analysis.
When latitude and longitude data on host collection sites
were not available, we approximated the locations using
the coordinate points of the closest town to the collection
site. From the 201 T. spiralis records that were collected,
54 were selected for mapping (37 wildlife hosts and 17 do-
mestic pig infections). Other records were eliminated either
because of vague descriptions of location or because they
could not be confirmed as T. spiralis rather than a sylvatic
species. The infected sylvatic hosts included black bear
(Ursus americanus), raccoon (Procyon lotor), opossum
(Didelphis virginiana), feral pig/wild boar (Sus scrofa), red
fox (Vulpes vulpes), gray fox (Urocyon cinereoargenteus),
feral cat (Felis catus), striped skunk (Mephitis mephitis),
coyote (Canis latrans), and mink (Neovison vison). With
the exception of black bears, these wild animals are poten-
tially synanthropic hosts and transfer T. spiralis between
the sylvatic and domestic habitats (2-5).

A third database was created for US farms that raise
organic or nonorganically pastured swine. We obtained
these data by searching the Internet using the keywords
“pasture,” “pork,” and “organic” for farms producing and
marketing pork through the Internet. The latitude/longitude
coordinates from town and state data were determined by
using the website www.zipinfo.com/search/zipcode.htm.

The databases were converted into map layers within
ArcGIS (Environmental Systems Research Institute, Red-
lands, CA, USA). A basic political boundaries map served
as the base map. The western United States is not shown
in Figure 1 because the main areas with frequent reports
of wild animal and domestic pig T. spiralis infections
and a prominent pastured-pig industry are the Northeast/
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Figure 1. Locations of pastured-pig operations (green dots)

and previous records of Trichinella spiralis in domestic pigs (red

squares) and wildlife (red triangles), United States.

Middle Atlantic and the central Midwest. Figure 2 shows
an enlargement of the Midwest area to illustrate the abil-
ity to more precisely locate risk locations (county level). A
GIS analysis, using a program in ArcGIS, was performed
to measure the distance between pastured-pig farms and
historical occurrences of T. spiralis in domestic pigs and
wildlife. The program calculates a distance between each
pastured-pig farm and the nearest T. spiralis point on the
map and was run 3 times using the following variables: 1)
T. spiralis in domestic pigs, 2) T. spiralis in wildlife, and 3)
T. spiralis in both pigs and wildlife (Table).

Of the 332 pastured-pig farms mapped, 28 are located
within 50 km of documented T. spiralis in domestic pigs
or wildlife; 6 of these farms are within 50 km of locations
with both pig and sylvatic T. spiralis infections. An addi-
tional 48 pastured-pig operations are within 100 km of T.
spiralis infection locations.

Conclusions
Using GIS methods to analyze the risk for T. spira-
lis infection associated with the expansion of pastured-pig

Figure 2. Pastured-pig operations (green dots) and previous records
of Trichinella spiralis in domestic pigs (red squares) and wildlife (red
triangles), lllinois and Indiana.

production, we identified farms that may be at high risk
for the introduction of infection into pigs from reservoir
hosts. We base this on the fact that the transmission of T .
spiralis into sylvatic hosts from infected farms can lead to
persistence in reservoir hosts (2,3) and remain a long-term
threat to domestic pigs exposed to such hosts in a pasture/
dry lot environment (2-11). The number of pastured-pig
farms and records of T. spiralis infections are highest in the
Northeast and Midwest. Figure 2 demonstrates the ability
through map enlargement to identify associations at the lo-
cal level. In Illinois and Indiana, at least 10 farms within 50
km of previous T. spiralis infection in pigs or sylvatic hosts
could be identified at the county level. The distances be-
tween pastured farms and the locations with recorded foci
of T. spiralis in wild animals or domestic pigs used in the
analysis (Table) are based on the general home ranges for
the host species (14). For example, raccoons may range up
to 3—10 km?, red foxes 2—10 km? (with male dispersal up to
80 km?), and coyotes up to 50-70 km?.

These findings should increase the awareness of pas-
tured-pig producers and state veterinary and public health
agencies of this potential problem. Targeted surveillance
and management prevention programs need to be estab-
lished in high-risk areas. The use of GIS tools could also
help researchers to conveniently locate transmission foci to
investigate the measures needed to prevent infection of out-
door-reared pigs. The database we created on pastured-pig

Table. Distances of current pastured-pig operations to locations with past occurrences of Trichinella spiralis in domestic pigs or wildlife,

United States

Distance to T. spiralis Farms near locations of

Farms near locations of

Farms near locations of T. spiralis

infection site and farms, km T. spiralis in domestic pigs T. spiralis in wildlife in both pigs and wildlife Total
19-50 6 16 6 28
51-100 7 21 20 48
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operations is undoubtedly an underestimate of risk because
of a lack of a national centralized reporting system for these
rearing systems. Furthermore, the infection records are not
from a national prevalence survey, which is lacking, but
were complied from publications of local surveys and out-
breaks (convenience samples). The bias from this method
does not, we believe, detract from the objective to intro-
duce the use of GIS tools for identifying foci with potential
for T. spiralis transmission in outdoor pig-rearing systems.
Identification of such foci would provide the opportunity
to investigate transmission among wild animals and pigs
in agro-ecosystems and the variables that influence trans-
mission, such as climate, pig farm size, herd size, and pig
exposure.

This work was carried out in the Department of Preventive
Medicine and Biometrics, Uniformed Services University of the
Health Sciences.

At the time of this study, Dr Burke was a student in the Mas-
ter’s in Public Health program at the Uniformed Services Univer-
sity of the Health Sciences. Currently, she is a laboratory animal
medicine resident at the US Army Medical Research Institute for
Infectious Diseases at Ft. Detrick, Maryland.
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DISPATCHES

Unique Pattern
of Enzootic
Primate Viruses
INn Gibraltar
Macaques

Gregory A. Engel,* Mark Pizarro,T Eric Shaw,t
John Cortes,f Agustin Fuentes,§ Peter Barry,{
Nicholas Lerche, Richard Grant,*
Douglas Cohn,# and Lisa Jones-Engel*

Because Gibraltar’'s macaques (Macaca sylvanus) have
frequent contact with humans, we assayed 79 macaques for
antibodies to enzootic primate viruses. All macaques were
seronegative for herpesvirus B, simian T-cell lymphotropic
virus, simian retrovirus, simian immunodeficiency virus, and
rhesus cytomegalovirus. Seroprevalence of simian foamy
virus reached 88% among adult animals.

Animal reservoirs are the most likely sources of emerg-
ing infectious diseases that threaten human popula-
tions (1). Infectious agents from nonhuman primates, in
particular, have caused a disproportionate number of new
human diseases, leading to calls for international surveil-
lance to monitor the human—nonhuman primate interface.
This recognition in turn prompts a need for data focusing
on areas and contexts in which humans and nonhuman pri-
mates come into contact, creating the potential for zoonotic
transmission (2,3).

Over the past decades, several viruses enzootic to
nonhuman primates have been described, and a substantial
amount of literature is devoted to their biology, genetics,
and capacity to cause disease in humans. The most well
known among these, in terms of public health, is simian im-
munodeficiency virus (SIV), the progenitor of HIV. Other
nonhuman primate—borne viruses with known or suspected
links to human disease are simian T-cell lymphotropic vi-
rus (STLV) and herpesvirus B (Cercopithecine herpesvirus
1) (CeHV-1).

Simian foamy virus (SFV) has received increasing at-
tention as recent findings suggest that human contact with

*University of Washington National Primate Research Center, Se-
attle, Washington, USA; tGibraltar Veterinary Clinic, Gibraltar; $Gi-
braltar Ornithological and Natural History Society, Gibraltar; §Uni-
versity of Notre Dame, Notre Dame, Indiana, USA; {[University of
California, Davis, California, USA; and #Albany Medical College,
Albany, New York, USA
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Asian macaques in a number of contexts leads to infection
with this virus (2,4). All free-ranging macaque populations
studied to date harbor SFV. Limited data on SFV in humans
suggest that infection persists over time. In a small study of
14 humans infected with SFV at primate research centers in
the United States, 1 of 7 persons followed consistently over
time was shown to have asymptomatic, nonprogressive,
monoclonal natural killer cell lymphocytosis (5); however,
no data link SFV infection with human disease. Further re-
search is needed to determine whether SFV causes immu-
nologic or hematologic effects in humans.

Europe’s only population of free-ranging nonhuman
primates is found in the Upper Rock Nature Reserve in Gi-
braltar. These monkeys, also known as the Barbary ape,
are macaques of the species Macaca sylvanus. When Gi-
braltar’s macaque population dwindled dangerously during
World War I, the British government introduced M. syl-
vanus from Morocco and possibly Algeria to prevent local
extinction. Over the past few decades, protection and pro-
visioning have led to a steady rise in the population, from
~30-50 to ~240 currently.

In addition to their status as a unique wildlife heri-
tage, Gibraltar’s macaques are a boon for the local econ-
omy. On a typical day, taxi drivers and tour guides ferry
thousands of visitors to the Upper Rock Reserve and often
use food to entice monkeys to sit on the head or shoulders
of visitors (Figure). Each year, >700,000 persons visit
the reserve. In recent years, burgeoning macaque popula-
tions have become a nuisance for some Gibraltarians liv-
ing on the edges of the nature reserve, leading to selected
culling.

Recent surveys of the Gibraltar macaques have de-
scribed 6 groups ranging in size from 14 to 64 individu-
als, with some overlap in range (6). Intensity and pattern
of contact with humans vary by group; only 3 groups
enter into areas visited regularly by tourists. In spite of
extensive contact, aggressive interactions with humans
are observed less frequently (on average, 170 persons/
year are treated for monkey-related injuries) in Gibraltar
than in comparable contexts in Asia (7). Close human—
macaque contact has the potential to transmit infectious
agents between the species (7,8). Given the large amount
of interspecies contact occurring in Gibraltar, we sought
to characterize the macaques’ potential as a reservoir for
zoonotic disease.

The Study

We began an ongoing longitudinal serosurvey in 2004,
sampling macaques from each of Gibraltar’s 6 groups for
6 known enzootic nonhuman primate—borne viruses: SIV,
CeHV-1, rhesus cytomegalovirus (RhCMV), STLV, SFV,

'Current affiliation: SNBL USA Ltd., Everett, Washington, USA
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Figure. A) Each year >700,000 tourists visit Gibraltar’s Upper Rock
Reserve, contributing millions of dollars to the local economy.
B) Tourists find Gibraltar’ macaques compelling. C) Tour guides use
food to entice macaques to perch on visitors, potentially exposing
the visitors’ mucous membranes to macaque body fluids, a potential
route for cross-species transmission of enzootic macaque viruses.

and simian retrovirus (SRV). Trapping, sampling, and as-
say protocols have been reported elsewhere (2,9-11).
Asof2007,atotal of 79 animals were sampled (Table).
None of the animals showed evidence of having been in-
fected with SIV, SRV, an alphaherpesvirus antigenically
related to CeHV-1, STLV, or with a CMV antigenically
related to RhRCMV. The complete absence of seroreactiv-
ity to CeHV-1 and RhCMV by ELISA was particularly
striking because both viruses are considered enzootic in
populations of wild-caught and captive macaques (9,13).
In contrast, more than half of the population showed evi-
dence of infection with SFV (Table). Prevalence of SFV
infection increased with age, from 20% among young
juveniles to #90% among adults. No differences in SFV
antibody prevalence were detected between male and fe-
male macaques or among the 6 groups. Eight macaques
were sampled at 2 periods during the study. None of the
5 initially SFV-seronegative macaques had seroconverted
by the second sampling. Similarly, all 3 of the initially
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SFV-seropositive macaques remained seropositive at sec-
ond sampling.

Conclusions

The Gibraltar macaques are serologically unique.
The population shows no evidence of infection with ei-
ther CeHV-1 or RhCMYV, in contrast to other macaque
populations studied in which animals seroconvert early
in life (14). Both these viruses are old viruses that are
thought to have coevolved with nonhuman primate spe-
cies over millions of years. One possible explanation for
the lack of CeHV-1 and RhCMYV in this population is that
the M. sylvanus populations in North Africa from which
they were derived are not infected with these viruses. At
present, the prevalence of these 2 viruses among North
African macaques is unknown. If North African M syl-
vanus are infected with CeHV-1 and RhCMYV, our results
could be explained by a founder effect or the loss of ge-
netic variation when a new colony is established by a very
small number of individuals from a larger population. Be-
cause seroconversion begins early in life, this hypothesis
would imply that the progenitors of the present popula-
tion were translocated from North Africa when they were
young, likely <1 year of age, and therefore less likely to be
infected with the viruses.

SFV seroprevalence in Gibraltar macaques mirrors
that of other studied macaque populations in South and
Southeast Asia with the exception that they seroconvert to
SFV at a later age. For example, 81% of free-ranging ma-
caques in Thailand are SFV positive by the age of 3 years,
compared with only 38.7% of Gibraltar macaques (15).
This observation could be explained by decreased rates of
aggression because bites are thought to be a principal mode
of virus transmission. Properties of the virus or physiologic
or immunologic characteristics of the macaques could also
influence virus transmission.

The relatively low rates of interspecies aggression
observed between macaques and humans in Gibraltar and
the low seroprevalence of enzootic nonhuman primate vi-
ruses detected in this serosurvey suggest that the risk for
virus transmission from macaques to humans in Gibraltar is
lower than this risk in other locations where humans come
into contact with free-ranging macaques. Nevertheless, the
abundance of contact between humans and macaques in
Gibraltar implies that the possibility of bidirectional cross-
species transmission of infectious agents, including SFV,
remains and has implications for humans and macaques.
This prospect justifies continued vigilance by local park au-
thorities to monitor and regulate contact between humans
and macaques at the Upper Rock Reserve. We recommend
strengthened efforts to discourage tourists and locals from
feeding macaques and strict enforcement of rules enjoining
visitors from seeking contact with them. Macaques should
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Table. Seroprevalence of enzootic simian viruses in macaques, Gibraltar, 2004—2007

Seroprevalence, % (no. positive/no. tested)

Category No. (%) SFV* SIVt SRVt CeHV-1t STLVt RhCMVt
Sex
Male 45 (57.0) 57.8 (26/45) 0.0 0.0 0.0 0.0 0.0
Female 34 (43.0) 52.9 (18/34) 0.0 0.0 0.0 0.0 0.0
Age class§
Young juvenile 10 (12.7) 20.0 (2/10) 0.0 0.0 0.0 0.0 0.0
Older juvenile 31(39.2) 38.7 (12/31) 0.0 0.0 0.0 0.0 0.0
Subadult 13 (16.5) 61.5 (8/13) 0.0 0.0 0.0 0.0 0.0
Adult 25 (31.6) 88.0 (22/25) 0.0 0.0 0.0 0.0 0.0
Total 79 55.7 (44/79) 0.0 0.0 0.0 0.0 0.0

*Simian foamy virus (SFV) seroprevalence for 2004 samples determined using enzyme immunoassay. Subsequent samples screened as part of the

whole-virus multiplex flow cytometric assay (11).

tSimian immunodeficiency virus (SIV), simian retrovirus (SRV), Cercopithecine herpesvirus 1 (CeHV-1), simian T-cell lymphotropic virus (STLV)
seroprevalence for 2004 samples determined by using multiplex microbead assay (10); seroprevalence for subsequent samples determined by using

whole-virus multiplex flow cytometric assay (11).

FRhesus cytomegalovirus (RhCMV) seroprevalence for the 2004 samples (n = 40) determined by ELISA according to previously published protocols (12).

Subsequent samples not screened.

§Age class determinations made on the basis of dental eruption sequence and morphometrics: young juvenile, <1y of age; older juvenile, 1-3 y;

subadult, 3-5y; adult, >5y.

be fed exclusively in designated areas by trained park per-
sonnel; such feeding should compensate for decreased feed-
ing by the general public. Finally, water supplies should be
enhanced at feeding sites. These changes will preserve the
public’s ability to observe the macaques while simultane-
ously reducing the risk for cross-species transmission of
infectious agents.
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Pneumocystis
Jirovecii
Transmission from
Immunocompetent
Carriers to Infant
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and Enrique J. Calderén*t

We report a case of Pneumocystis jirovecii transmission
from colonized grandparents to their infant granddaughter.
Genotyping of P. jirovecii showed the same genotypes in
samples from the infant and her grandparents. These find-
ings support P. jirovecii transmission from immunocompe-
tent carrier adults to a susceptible child.

Pneumocystis jirovecii is an atypical fungus that causes
pneumonia in immunosuppressed persons; many ques-
tions about its epidemiology and transmission remain
unanswered (1,2). Animal sources for P. jirovecii can be
excluded because the Pneumocystis organisms that infect
mammalian species are characterized by strong, close host-
species specificity (3). Similarly, an environmental reser-
voir of infection has not been found (4). Airborne trans-
mission has been demonstrated in animal models, but the
route of transmission of Pneumocystis organisms among
humans is unclear (5). P. jirovecii DNA has been identified
in ambient air, and airborne transmission between humans
is likely (4). This hypothesis is supported by reports of case
clusters of pneumocystis pneumonia (PcP) among immu-
nosuppressed patients, transmission of Pneumocystis DNA
from PcP patients to healthcare workers, and transmission
of Pneumocystis infection from a mother with PcP to her
susceptible child (6-10).

Use of highly sensitive PCR technologies has enabled
detection of low levels of P. jirovecii in respiratory samples
from persons who do not have PcP. Many terms—coloni-
zation, carriage, asymptomatic infection, and subclini-
cal infection—have been used to describe these findings.
Studies have shown that persons who have underlying HIV

*Virgen del Rocio University Hospital, Seville, Spain; and tNet-
work Center for Biomedical Research in Epidemiology and Public
Health, Seville
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infection or other causes of immunosuppression and those
who are not immunosuppressed but have chronic lung dis-
ease may often be colonized by P. jirovecii (11-13). Fur-
ther hypotheses claim that these groups may play a role in
person-to-person transmission and that they may serve as
reservoirs for future Pneumocystis infection in other sus-
ceptible persons; however, this hypothesis has not been
proven.

The Study

A 6-month-old female infant was admitted to Virgen
del Rocio University Hospital, Seville, Spain, with a histo-
ry of nonproductive cough and difficulty breathing. She had
been born by vaginal delivery after 40 weeks of gestation,
birth weight was 3,490 g, and she had been breast-fed for 2
months. Her mother was healthy and HIV negative. At the
time of examination, the infant was afebrile, weighed 4.5
kg (<3rd percentile), and was 62 cm long (<3rd percentile).
Respiratory rate was 70 breaths/min; oxygen saturation
(by pulse oximetry) was 89%. Fine crackles were heard in
both lungs. She had neither lymphadenopathy nor viscero-
megaly. Diagnostic testing found leukocyte count 12,600
cells/mm?, CD4+ cells within normal limits, and no immu-
nosupression. Serologic and molecular test results for HIV
infection were negative. Chest radiograph showed diffuse
interstitial infiltrates suggestive of PcP.

P. jirovecii DNA was detected in nasopharyngeal aspi-
rate samples by amplifying the mitochondrial large-subunit
gene of rRNA with nested PCR. No other infections were
detected by culture, molecular tests, or serologic tests. The
infant was treated with high-dose trimethoprim-sulfame-
thoxazole and adjuvant steroids. She did well and was dis-
charged a month later.

To determine the origin of the infant’s infection, we
investigated all persons who lived with her, i.e., parents,
brother, and grandparents. Each person underwent clinical
and epidemiologic examination and submitted oropharyn-
geal samples for analysis. Informed consent was obtained
from all persons, and the study was approved by the hospi-
tal’s ethics committee.

The infant’s mother, father, and brother were healthy.
Her grandmother and grandfather reported a history of
rheumatoid arthritis and chronic bronchitis, respectively.
None had pneumonia symptoms at the time of the study.

Identification of P. jirovecii colonization was carried
out by analyzing oropharyngeal samples with nested PCR
at the gene encoding the mitochondrial large-subunit rRNA,
with primers pAZ102-E and pAZ102-H in the first-round
amplification, followed by pAZ102-X and pAZ102-Y in
the second-round amplification (12). Pneumocystis DNA
was extracted after samples were digested with proteinase
K at 56°C by using a commercial kit (QIAGEN, Hilden,
Germany). To prevent contamination, pipettes with fil-
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ters were used for all manipulations. DNA extraction and
preparation of the reaction mixture were performed in 2
different rooms under separate laminar-flow hoods. PCR
and analysis of PCR products were performed in another
room. Controls were run simultaneously with respiratory
samples. Positive controls were bronchoalveolar lavage
specimens from PcP patients; negative controls were auto-
claved water in the PCR mixture in the absence of the DNA
template controls.

All samples that were positive according to nested
PCR were sequenced; polymorphisms at nucleotide posi-
tions 85 and 248 were detected by direct sequencing (12).
The nested PCR products were purified by using Sephacryl
S-400 columns (Amersham Pharmacia Biotech AB, Uppsa-
la, Sweden) and reamplified with ABI Prism dRhodamine
Terminator Cycle Sequencing Ready Reaction Kit (PE Ap-
plied Biosystems, Foster City, CA, USA). Then for each
reaction, 5 uL of PCR product, 4 pL of terminator ready
reaction mix, and 3 pmol/L of primer were added. The ex-
tension products were purified by ethanol precipitation pro-
cedure to remove the excess dye terminators. Each sample
pellet was resuspended in 12.5 pL of template suppression
reagent and heated at 95°C for 3 min to denature the prod-
uct. Electrophoresis was carried out on the ABI prism 310
sequencer (PE Applied Biosystems) in accordance with the
manufacturer’s recommendations. The sequenced DNA
fragments were analyzed by Sequence Navigator version
1.0.1 (PE Applied Biosystems).

P. jirovecii DNA was found in oropharyngeal samples
from the infant’s grandparents but not her parents or broth-
er. Genotype 1 (85C/248C) was identified in the infant and
in her grandparents. Moreover, coinfection with genotype
3 (85T/248C) was detected in the grandfather. In addition,
P. jirovecii dihydropteroate synthase locus was analyzed in
the samples from the infant and her grandparents by PCR
restriction fragment-length polymorphism, as described
(12). Wild dihydropteroate synthase genotype was detected
in all samples.

Conclusions

This study provides molecular evidence of P. jirovecii
transmission from human immunocompetent asymptomatic
carriers to a susceptible host, who developed PcP. We can-
not exclude the possibility that the cases described were in-
fected by the same environmental source; however, an exo-
saprophytic form of P. jirovecii has not been found (4).

P. jirovecii colonization has been shown in pregnant
women, and their role as contagious sources for their sus-
ceptible newborn infants has been suggested (14). In our
case, mother-to-infant transmission can be ruled out be-
cause the infant’s mother was not colonized by P. jirovecii.
An alternative explanation, but less probable considering
the time course of the clinical symptoms, is that the infant
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acquired the infection in the hospital during delivery and
was the source of infection for her grandparents. However,
her grandfather was colonized by genotypes 1 and 3, and
the infant had only genotype 1.

We hypothesize that the infant was infected by P.
jirovecii through close contact with her grandparents be-
cause they looked after the child full time and lived in the
same house. In comparison with animal model experi-
ments on transmission of Pneumocystis infection (5), the
airborne transmission of P. jirovecii from the grandfather
to the grandmother and the infant is the most probable ex-
planation, especially in view of the high prevalence of P.
jirovecii colonization of persons with chronic bronchial
disease in our area and the grandfather’s sputum produc-
tion associated with this condition (15).

This study provides molecular evidence that trans-
mission of P. jirovecii from colonized immunocompetent
carrier hosts to susceptible persons may occur. The role of
persons with chronic pulmonary disease who are colonized
with P. jirovecii as major reservoirs and sources of infec-
tion warrants further investigation.
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Sudden Onset of
Pseudotuberculosis
IN Humans, France,

2004-05

Pascal Vincent,*t1* Alexandre Leclercq,§!
Liliane Martin,8 Yersinia Surveillance Network,8
Jean-Marie Duez,f Michel Simonet,*1?
and Elisabeth Carniel§?

Cases of Yersinia pseudotuberculosis infection in-
creased in France during the winter of 2004—-05 in the ab-
sence of epidemiologic links between patients or strains.
This increase represents transient amplification of a patho-
gen endemic to the area and may be related to increased
prevalence of the pathogen in rodent reservaoirs.

Yersinia pseudotuberculosis is an enterobacterial patho-
gen able to grow at low temperatures. It is widespread
in the environment (e.g., water, plants), which is the source
of contamination for mammals (especially rodents and their
predators) and birds (1,2). Although most cases of human
infection are sporadic, outbreaks have occurred in Japan
(3,4), Russia (5,6), and Finland (7,8), mainly associated
with unchlorinated drinking water or contaminated veg-
etables. In France, similar increases in case numbers had
not been noted until the winter of 2004—05.

The Study

In early January 2005, the French Yersinia National
Reference Laboratory (YNRL) received 3 Y. pseudotu-
berculosis strains isolated by the same laboratory in Dijon
over a 1-week period: 2 from fecal samples of 2 children
attending the same daycare center and 1 from the blood
of a 65-year-old woman. During the same month, 8 addi-
tional strains were isolated from persons in other parts of
the country by the Yersinia Surveillance Network (based
on voluntary participation of 88 hospital-based and private-
sector medical laboratories throughout France).

In view of this unusually high number of Y. pseudotu-
berculosis isolations over a short period, the YNRL alerted
France’s national disease surveillance network, the Institut
de Veille Sanitaire, which thereafter performed an epide-
miologic investigation. In early February, a request was

*Institut National de la Santé et de la Recherche Médicale (IN-
SERM), Lille, France; tUniversité Lille 2, Lille; fInstitut Pasteur de
Lille, Lille; §Institut Pasteur, Paris, France; and {[Centre Hospitalier
du Bocage, Dijon, France

DOI: 10.3201/eid1407.071339
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mailed to all member laboratories in the Yersinia Surveil-
lance Network and all 95 microbiology laboratories in uni-
versity medical centers, asking them to report any recent
cases of Y. pseudotuberculosis infection. A reminder letter
was mailed to all laboratories that had not replied within
1 month of the initial communication. Moreover, from
February through April 2005, a total of 76 general medical
center laboratories were contacted by telephone and asked
to provide the YNRL with any relevant information and/or
isolates. Overall, 27 cases of culture-confirmed Y. pseudo-
tuberculosis infections were spontaneously reported or ac-
tively retrieved (Table 1).

Case reports of Y. pseudotuberculosis infection peaked
in January 2005. A food-exposure analysis for the first 10
patients did not identify a potential common food source, so
a food survey was not performed for subsequent cases. The
pseudotuberculosis cases occurred in 19 different counties
throughout France, not necessarily the most populated ones
(Figure 1). Data on lifestyle and living conditions were
obtained for all but 7 patients, of whom 3 had died and
4 (including 2 children) were lost to follow-up. Of the 22
adults, 13 lived in small towns (<5,000 inhabitants) and 5
lived in rural villages (<500 inhabitants). All but 4 lived in
houses, as opposed to apartments. Of the 17 adults whose
lifestyle was investigated in detail, 14 had a dog, hunted,
gardened, and/or grew their own vegetables. In contrast,
all 5 children lived in urban areas (>50,000 inhabitants),
compared with only 3 of the 22 adults; 4 of the children
lived in apartments.

Of the 27 strains isolated, 25 were sent to the YNRL
for characterization. All but 4 strains belonged to serotype I,
the most common serotype in France. Pulsed-field gel elec-
trophoresis after Spel digestion of genomic DNA showed
that (with the exception of the isolates from the 2 children
attending the same daycare center) the DNA fingerprints
of the 16 other isolates sent to the YNRL during the peak
period were all distinct, even when the strains were isolated
from the same county (data not shown).

Conclusions

This episode of increased case numbers differs from
episodes reported in the literature by the nationwide distri-
bution of cases, the absence of a locally defined cluster, the
genetic diversity of the isolates, the predominance of rural
residence for patients, and the dominant clinical presenta-
tion of septicemia (3-8). Because the cases were not related
to the consumption of a food product sold nationally (e.g.,
by a supermarket chain), the unknown origin of this phe-
nomenon raises the question of an emerging risk in a new
epidemiologic situation.

'"These authors contributed equally to this article.

2These authors contributed equally to the supervision of this work.
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Of'the 27 patients, 19 lived in a strip of land that stretch-
es from northern France to the Atlantic coast and corre-
sponds to the flyways of small migratory birds. Hence, the
avian introduction of strains into the country would have
been a possible scenario, as has already been suspected for
an epizootic of pseudotuberculosis in an American wildlife
park (9). Indeed, during the winter of 2004-05, France wit-
nessed a large and unexpected invasion of Bohemian wax-
wings (Bombycilla garrulus) (10), a species known to mi-
grate from circumpolar areas where pseudotuberculosis is
endemic. At that same time, 3 pseudotuberculosis outbreaks
were reported in Siberia (11). However, the genetic diversity
of the strains isolated from the patients in France and the
absence of PCR amplification of the superantigen-encoding
gene ypm gene (12) (which is highly prevalent in Far Eastern
strains [1]) do not support bird-borne arrival in France ofa Y.
pseudotuberculosis clone from Russia or the Far East.

These cases occurred in areas where other human
cases of Y. pseudotuberculosis septicemia had been di-

agnosed (albeit at a much lower rate) in the past 16 years
(Figure 2). Exacerbation of a preexisting epidemiologic
situation is quite likely. Most previous cases of Y. pseudo-
tuberculosis septicemia also concerned inhabitants of low-
altitude plains (Figure 2), mainly in rural areas with exten-
sive agriculture zones, which provide favorable habitats for
small mammals. Cases were frequently (27.1%) reported
in 5 central-western counties of France, where just 4.6% of
the population live and incidence of Francisella tularensis
infection (tularemia) is high (27.3%) (www.invs.sante.fr/
surveillance/tularemie/donnees.htm). Moreover, 40 cases
of tularemia (with incidence peaks in summer and autumn)
were reported to the national surveillance system in 2004
(notification of the disease has been obligatory since 2002),
whereas only 8 to 19 cases per year had been reported over
the preceding and following periods. Like Y. pseudotuber-
culosis, F. tularensis is known to have a rodent reservoir.
Hence, the spatial and temporal correlations between hu-
man tularemia and pseudotuberculosis in France over re-

Table 1. Relevant characteristics of 27 patients with Yersinia pseudotuberculosis infection, France, winter 2004—05*

Site of organism lliness
Age,y Sex Risk factors Main clinical signs/symptoms isolation O serotype outcome
0.8 M None Diarrhea Feces | Recovery
1 M None Diarrhea Feces Il Recovery
2 F None Diarrhea Feces | Recovery
6 M None Diarrhea Feces | Recovery
9 F None Diarrhea Feces | Recovery
17 M Multiple injuries (motorcycle Postsurgical infectiont Blood | Recovery
accident)
36 F HIV infection Diarrhea, mesenteric adenitis Feces | Recovery
44 F Bone marrow transplantation Fever Blood | Death
51 F Sickle cell anemia, cirrhosis Diarrhea, esophageal variceal Blood | Death
bleeding
59 M Cirrhosis Fever, esophageal variceal Blood | Recovery
bleeding
61 M Therapeutic aplasia (colorectal Fever, abdominal pain Blood | Death
cancer)
64 M Abdominal aortic aneurysm Abdominal pain Artery biopsy | Recovery
65 F Myeloma Fever, septic shock Blood | Death
70 M Cirrhosis Fever Blood | Recovery
71 M Unknown Abdominal pain Blood NA strain Recovery
71 M Diabetes, steroid receipt (for Fever, diabetes Blood | Recovery
retroperitoneal fibrosis) decompensation
72 M Kidney transplantation Fever Blood | Recovery
74 M Diabetes Fever, abdominal pain Blood NS Recovery
75 M Viral hepatitis C infection Fever Blood | Recovery
76 M Cirrhosis Fever Blood NS Recovery
78 M Calcific aortic stenosis Fever, acute heart failure Blood | Recovery
78 M Diabetes Fever, septic shock Blood and artery | Death
biopsy
79 M Metastatic colorectal cancer Fever, respiratory distress Blood | Death
syndrome
80 M Cerebrovascular accident Fever, cardiogenic shock Blood NA strain Recovery
81 F Cirrhosis Fever Blood | Recovery
82 M Diabetes Fever, septic shock Blood NA strain Death
83 M Diabetes Fever Blood | Recovery

*NA, nonagglutinable; NS, not sent to Yersinia National Reference Laboratory.
1This patient’s signs/symptoms began after hospitalization; all other patients’ signs/symptoms began before hospitalization.
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Figure 1. Map of France, showing spatial distribution of Yersinia
pseudotuberculosis infections during the winter of 2004-05.
Black circles, patients’ residences; open circles, cities with
medical laboratories that stated that they had not isolated any Y.
pseudotuberculosis from clinical specimens.

cent years suggest the sudden expansion of a common res-
ervoir in 2004.

Our analysis of the temporal distribution of human Y.
pseudotuberculosis septicemia cases over the past 16 years

Pseudotuberculosis in Humans, France, 2004-05

No. isolates

Mean elevation, m =
(above sea level)
Il >584
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Figure 2. County distribution, France, of Yersinia pseudotuberculosis
isolated from human blood and reported to the Yersinia National
Reference Laboratory over the 16 years preceding the winter of
2004-05. The number of isolates is represented by proportionally
sized circles arbitrarily located at the center of the counties.

showed a peak every 5 years (Table 2). This finding is rem-
iniscent of human hantavirus infections, which have been
linked to cyclical oscillations in the vole population (the
virus reservoir). Taken as a whole, these data suggest that a
rodent reservoir, mainly in rural areas, could have suddenly

Table 2. Temporal distribution of receipt ofYersinia pseudotuberculosis blood isolates, France

Monthly isolates*® Annual
Period Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug isolates
1988-89 0 0 0 0 1 1 2 1 0 0 1 0 6
1989-90 0 0 1 0 1 2 1 0 1 1 0 0 7
1990-91 0 1 0 0 1 1 0 4 0 0 0 0 7
1991-92 0 0 0 1 0 1 1 0 1 0 0 0 4
1992-93 0 0 0 0 1 1 0 1 0 0 0 0 3
1993-94 0 0 0 0 0 0 3 0 2 0 0 0 5
1994-95 0 0 0 0 1 3 1 2 0 0 0 1 8
1995-96 0 0 0 0 1 0 3 0 0 2 0 1 7
1996-97 0 0 0 0 0 1 0 0 0 0 0 0 1
1997-98 0 0 0 0 2 0 0 0 0 0 0 1 3
1998-99 0 0 0 0 0 0 0 1 0 1 0 0 2
1999-00 0 0 0 1 0 2 1 0 0 2 1 1 8
2000-01 0 0 0 0 1 0 0 1 0 2 0 0 4
2001-02 0 0 1 1 0 0 0 0 1 0 0 0 3
2002-03 0 0 0 0 0 1 1 0 0 0 0 0 2
2003-04 0 0 0 0 0 1 4 1 0 2 0 0 8
2004-05t 0 0 0 0 4 4 5 5 0 0 0 0 18
2005-06 0 0 0 0 0 2 2 0 0 0 0 0 4
1988- 0 1 2 3 9 16 19 11 5 10 2 4 82
20061 (0.06)§ (0.12) (0.18) (0.53) (0.94) (1.12) (0.65) (0.29) (0.59) (0.12) (0.24) (4.82)

*Received by the French Yersinia National Reference Laboratory since September 1988. To encompass the whole cold season, isolates are presented in

12-month periods from September to August.
1Period of increased number of cases.
FExcludes 2004-05.

§Numbers in parentheses are mean monthly value over the 17 years in which case numbers were not increased.
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increased in the spring of 2004, thus increasing the risk for
human transmission of Y. pseudotuberculosis and F. tular-
ensis over the following months.

Rodent populations tend to increase with ongoing
changes in agricultural practices, e.g., removal of farmland
hedges (which provide shelter for the rodents’ predators)
and reduction in pesticide use. Hence, the dynamics of the
wild rodent population and reduction in pesticide use may
represent a useful predictive marker for the occurrence of
new outbreaks. The surveillance and control of the small
mammal population might help limit the incidence of
pseudotuberculosis and other wild rodent-borne diseases
of humans in France.
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Molecular Typing
of Trypanosoma
cruzi Isolates,
United States

Dawn M. Roellig,* Emily L. Brown,*
Christian Barnabé,T Michel Tibayrenc,t
Frank J. Steurer, and Michael J. Yabsley*

Studies have characterized Trypanosoma cruzi from
parasite-endemic regions. With new human cases, increas-
ing numbers of veterinary cases, and influx of potentially
infected immigrants, understanding the ecology of this or-
ganism in the United States is imperative. We used a clas-
sic typing scheme to determine the lineage of 107 isolates
from various hosts.

In Latin America, an estimated 10—12 million persons
are infected with Trypanosoma cruzi, the etiologic agent
of Chagas disease and a major contributor to heart disease
within the region. Autochthonous human infections in the
United States have been reported in 6 persons, with the
most recent case reported from Louisiana (1). In addition,
the parasite is euryxenous; it is able to infect a broad range
of hosts, including domestic dogs, woodrats, raccoons,
opossums, armadillos, and nonhuman primates.

Associations between host species and parasite geno-
type have been suggested and are important in understand-
ing the domestic and sylvatic cycles of T. cruzi (2-4).
Although studies conducted on US isolates suggest an as-
sociation between T. cruzi genotype and host, these studies
were limited because of low sample numbers, low host di-
versity, and narrow geographic distribution (2,4—7). In the
current investigation, we used the molecular typing scheme
proposed by Brisse et al. (8), in which isolates are delin-
eated into 1 of the 6 lineages (types I and Ila—Ile) on the
basis of size polymorphisms of several PCR markers. We
then expanded characterization of US isolates and show ad-
ditional evidence for correlations between host specificity
and genotype of T. cruzi.

The Study

We analyzed 107 isolates of T. cruzi from multiple
species of free-ranging and captive wildlife, domestic ani-
mals, triatomine bug vectors, and humans who were au-
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tochthonously infected in the United States. Some isolates
were obtained as liquid nitrogen—stored parasites from the
Centers for Disease Control and Prevention (Atlanta, GA,
USA), the Institut Pasteur (Paris, France), and the South-
eastern Cooperative Wildlife Disease Study (Athens, GA,
USA) and were established in axenic liver infusion tryptose
medium as described (9). Additional isolates were obtained
from wild-trapped animals in axenic liver infusion tryptose
medium or canine macrophage cell culture as described
(10). Isolated DNA was used as template for PCR amplifi-
cation of 3 gene targets, mini-exon, D7 divergent domain
of 24S a rRNA, and 18S rRNA, according to published
methods (8). Locality data and results of molecular typ-
ing of each isolate are shown in the online Appendix Table
(available from www.cdc.gov/EID/content/14/7/1123-
appT.htm). All animals used in this study were cared for in
accordance with the guidelines of the Institutional Animal
Care and Use Committee and under animal use protocol
approved by the Institutional Animal Care and Use Com-
mittee at the University of Georgia.

Only 2 genotypes, T. cruzi [ and T. cruzi Ila, were de-
tected. Typical amplicon sizes of T. cruzi I and T. cruzi
ITa isolates from the United States are shown in the Table.
Atypical banding patterns and isolates that differ from the
standard genotype from a particular host are also represent-
ed. With the exception of human isolates, 1 primate isolate,
and a few raccoon isolates, placental mammalian isolates,
including those from raccoons, domestic dogs, ring-tailed
lemurs, and skunks, were characterized as type Ila (online
Appendix Table). All remaining isolates, including those
from Virginia opossums (Didelphis virginiana), triatom-
ine vectors, humans, and rhesus macaques from the United
States, were identified as type I (online Appendix Table).

Conclusions

In contrast to studies conducted on South American
isolates, for which 6 genotypes of T. cruzi have been iden-
tified, only 2 genotypes (I and Ila) were identified in the
current study. These data support results of investigations
in Central America and Mexico in which a paucity of geno-
types was found (14,15). Many investigations on T. cruzi
evolutionary ecology have shown strict host—parasite spec-
ificity in regard to host species and parasite genotype (2—4),
although exceptions have been observed. The presence of
only 2 genotypes in the United States could be caused by
a lack of introduction of other genotypes or a lower diver-
sity of natural reservoir hosts for T. cruzi than in South
America. A recent analysis of T. cruzi hosts in North and
South America indicated that >48 host species representing
17 families were infected with >1 of the 6 strains (4). Only
6 of these hosts have established populations in the United
States, and US isolates from these species were only char-
acterized as types I or Ila (4).
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Our data for US isolates correspond with those of pre-
vious studies in which Didelphis spp. are reservoirs for
type I T. cruzi (4); no infections with type II parasites were
observed. The Virginia opossum (and its ancestors), which
is the only marsupial present in the United States (it mi-
grated from South America =4.5 million years ago), is a
possible host for T. cruzi I. This evidence suggests that T.
cruzi was not recently introduced into North America or the
United States (5). Additionally, sufficient time may have
passed for random and rare genetic exchange events to oc-
cur independent of those found in South American isolates
(13), enabling the lineage to infect atypical reservoirs (i.e.,
raccoons) in North America.

The second major natural reservoir of T. cruzi in the
United States is the raccoon. In general, the nonprimate
placental mammals in our study were infected with type
IIa, a strain that is commonly found in sylvatic cycles in the
Southern Cone of South America. Our data confirm previ-
ous typing of US isolates by multilocus enzyme electro-
phoresis or random amplified polymorphic DNA analysis
(5), in which 11 raccoons from Georgia were characterized
as zymodeme 3 (equivalent to IIa). Although raccoons are
predominately infected with T. cruzi Ila, 4 known excep-
tions include 3 isolates from Georgia and Florida in the
current study and 1 raccoon from Louisiana from a previ-
ous study (5).These data are in contrast to typing data for
Virginia opossum isolates, which have all found T. cruzi
I. This finding suggests that opossums primarily maintain
persistent infections with T. cruzi L.

All characterized human isolates from autochthonous
US cases of infection with T. cruzi are T. cruzi 1. This
genotype is predominantly responsible for Chagas disease
north of the Amazon Basin and is part of the domiciliary
cycle of the parasite. Our findings correspond with data
from Mexico where T. cruzi [ is the predominate strain de-
tected in humans (14). It would be useful to differentiate
biologic characteristics and polymorphisms by using addi-
tional gene targets in human type I isolates and compare
them with those in opossum, triatomine vectors, and rhe-
sus macaque isolates from the United States. Additionally,
comparing these US isolates and Mexican reference strains

with those from South America may indicate why type I
typically infects humans in North America and multiple
strains are found in humans in South America.

Our results provide additional evidence that T. cruzi
has distinct genotypes that preferentially infect 1 host spe-
cies or a group of hosts. Humans and marsupials are typi-
cally infected with type I T. cruzi, but raccoons, skunks,
domestic dogs, and prosimians are typically infected with
type Ila. Although we only detected T. cruzi I in triatomid
bugs, other studies have detected T. cruzi Ila in triatomids
from the United States (5). The mechanism is unknown by
which persistent infections with a particular genotype of
T. cruzi develop in certain hosts. Further analysis of iso-
lates from an increased host diversity and geographic range
should be pursued. Determining basic infection dynamics
of reservoir hosts experimentally infected with various T.
cruzi genotypes may provide additional insight into the
host—parasite dichotomy.
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An avian influenza quality assurance program was used
to provide information for laboratories on the sensitivity and
specificity of their avian influenza nucleic acid testing. Most
laboratories were able to correctly detect clinically relevant
amounts of influenza virus (H5N1), and results improved as
each subsequent panel was tested.

Highly pathogenic avian influenza (HPAI) virus (H5N1)
is endemic among the world’s wild bird populations
and continued to spread during 2006 to poultry across Asia,
Africa, and mainland Europe (1,2). Sensitive, specific diag-
nostic methods are essential for early accurate detection of
HPALI virus in the prepandemic and early pandemic phases
in countries where no cases have been recorded, such as
Australia (3).

Several sublineages of HPAI (H5N1) exist (4,5). Virus
mutation requires that nucleic acid testing (NAT) methods
such as reverse transcription—PCR (RT-PCR) be continually
improved to remain sensitive for emerging strains (6-12).
Currently, the World Health Organization (WHO) recom-
mends an RT-PCR based on primers published in 1998
(www.who.int/csr/disease/avian_influenza/guidelines/
RecAllabtestsAug07.pdf).

The Study

We report results from an avian influenza quality as-
surance program (QAP) that used an established, Internet-
based quality assurance reporting system (wWww.rcpagap.
com.au/serology), allowing remote data entry, rapid result
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dissemination, and expert comment. The QAP provided
feedback to laboratories on NAT characteristics (PCR ac-
curacy, sensitivity, and specificity), reporting optimization,
and assessment of continuously updated laboratory-devel-
oped NAT methods.

During 2006, three panels of specimens were distrib-
uted to 29 participating laboratories: 15 from Australia
(including 4 veterinary laboratories); 2 from Hong Kong
Special Administrative Region, People’s Republic of Chi-
na; 5 from Singapore; 1 from New Caledonia; 1 from Ma-
laysia; and 5 from New Zealand. The panels consisted of
an Indonesian and a Vietnamese strain of avian influenza
virus (H5N1), originally isolated from humans and grown
in MDCK cells. Viral copy numbers were estimated by
comparing real-time RT-PCR crossing-point values to a
standard curve generated by using plasmid standards; the
amplicon was cloned into pPGEMT-Easy (Promega, Madi-
son, WI, USA). Plasmid standard concentrations were es-
timated as described previously (13) and as recommended
by the LightCycler manufacturer (Roche, Indianapolis, IN,
USA). Sensitivity of NATs was determined with a range
of clinically relevant nucleic acid concentrations of both
influenza (H5N1) strains (10° to 10~ copies/pL) to enable
laboratories to assess limit of detection (LOD) of their as-
says. Specificity was assessed by inclusion of other influ-
enza strains and a negative control (Table 1). All strains
and MDCK cells were inactivated by exposure to 50 KGy
of y-irradiation, except for strain A (H7N4), which was in-
activated by the addition of lysis buffer (14).

Four experiments to define optimum conditions were
conducted. 1) LOD determinations, with a dilution series of
all strains, were tested by using real-time RT-PCR (15). 2)
Transport media were compared by using serial dilutions of
inactivated influenza virus (HSN1) in phosphate-buffered
saline with gelatin (with antimicrobial agents) (PBSG), TE
buffer, and buffer RLT (lysis) (QIAGEN, Valencia, CA,
USA), placed at —80°C, —20°C, +4°C, +25°C, and +37°C
for 10 days. Each day, 1 tube at each temperature condition
was removed, and viral DNA was extracted by using the
QIAamp viral RNA minikit (QIAGEN) and tested with a
real-time RT-PCR (15). 3) For further stability testing, a
test panel diluted in PBSG was sent by courier from Sydney
to Hong Kong, held by Australian customs for 7 days, and
returned unopened 15 days after dispatch. The temperature
range the shipped panel was exposed to is unknown; how-
ever, previous temperature loggers have recorded tempera-
tures from 22°C to 33°C. The panel that traveled was tested
against a panel that had been stored optimally (—80°C) (15).
No difference was detected in the amount of virus in the
specimens that traveled compared with optimally stored
specimens, indicating that the specimens were stable under
normal transport conditions (results not shown). 4) Homo-
geneity was established before distribution by having the
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Table 1. Avian influenza quality assurance panel specimen details, Australasia

Specimen Dilution Copy number/uL
Influenza A (H5N1) Indonesian 1:1,000 6.25 x 10°
Influenza A (H5N1) Vietnamese 1:1,000 5x10°
Influenza A (H5N1) Indonesian 1:100,000 6.25 x 10"
MDCK-negative control 1:1,000 NA
Influenza A (H5N1) Vietnamese 1:100,000 5x 10
Influenza A (H3N2) (isolated in Sydney, New South Wales, Australia; 1:1,000 1.25 x 10°
close sequence match to A/Canterbury/29/2005)

Influenza B (isolated in Sydney; no sequence information available) 1:1,000 2 x10°
Influenza A (H7N4) (A/emu/NSW/97) 1:1,000 1% 10*
Influenza A (H5N1) Indonesian* 1:10,000,000 6.25 x107"
Influenza A (H5N1) Vietnamese* 1:10,000,0001 5x 10

*These dilutions were included in panels 2 and 3 only; NA, not applicable.

tFor panel 3, the dilution for the influenza (H5N1) Vietnamese strain was changed to 1:1,000,000, with a copy number of 5 x 10° pl.

panel tested and approved by 2 reference laboratories (Vic-
torian Infectious Diseases Laboratory, Melbourne, Victo-
ria, Australia; Western Australian Centre for Pathology and
Medical Research, Perth, Western Australia, Australia) and
1 animal reference laboratory (Elizabeth Macarthur Agri-
cultural Institute, Camden, New South Wales, Australia).

For each panel the samples were diluted in PBSG and
transported by courier at ambient temperature in 3 seasons
(autumn, winter, summer). Participants were not required
to use a certain NAT method. Participants were asked for
information on methods used, including extraction and RT-
PCR protocol and primer/probe sequences. A total of 780
results were analyzed, and a report was issued to partici-
pants within 3 weeks of each survey closing, well before
the next panel shipment. This allowed participants to adjust
their testing procedures if necessary before the next survey
began. Results were reported by participants as positive,
negative, or equivocal. For simplicity, we report equivo-
cal results as positive, given that participating laboratories
retest an equivocal result and generally do not report such
results as negative. On average for the 3 panels, 2.6% of
results were reported as equivocal.

Panel 1 contained 8 specimens, which included 2 dilu-
tions (10° and 10! copies/uL) of each subtype H5N1 strain
(Table 1). Only 35% of participants correctly identified all
samples; 95% reported a correct result for the highest con-
centration of both subtype H5N1 strains (10° copies/uL);

70% could detect the lower concentration (10! copies/uL).
Only 46% of participating laboratories used an influenza
A matrix assay as well as a specific HS assay (Table 2).
Laboratories were advised to use both methods in tandem
to reduce the chance of missing variant influenza (H5N1)
strains that might not be detected by their specific HS as-
say. Some false positives (1.3%) were reported, and some
confusion regarding terminology occurred: many laborato-
ries reported results as for subtype H5SN1 assays, despite
most of these results being specific for the HS gene only.

For panel 2, no participants correctly identified all
samples because of the addition of 2 extremely dilute sam-
ples of influenza virus (H5N1) (10° and 10! copies/uL) that
were below the LOD for most laboratories. Eleven percent
of participants detected 1 strain of HPAI virus (H5N1) by
using primers specific for H5 or subtype HSN1 at 1 of the
2 highest dilutions, but not both. In our experience, dilute
specimens are useful for assessing the LOD of the testing
system because they may highlight the most sensitive meth-
ods available. The number of laboratories using a generic
influenza A test, in addition to a specific HS test, increased
to 73% (Table 2).

For panel 3, sensitivity of detection improved com-
pared with panel 2: 25% of participants detected a strain
of influenza virus (H5N1) at the lowest concentrations.
Sensitivity of H5/H5N1 testing for the influenza (H5N1)
Vietnamese strain increased over time, while sensitivity of

Table 2. Summary of avian influenza quality assurance project, Australasia®

% Testing for

Most common Most common

Panel % Correct results, % Correct results,  influenza A extraction method amplification method

no.t Date Indonesian strainf  Vietnamese strainf matrix (% participants) (% participants)

1 2006 Oct 7 87.5 80 46 QIAGEN QlAamp viral QIAGEN Artus
RNA minikit (50) Influenza/H5 LC RT-PCR

kit (20)

2 2006 Nov 9 84 84 73 QIAGEN QIlAamp viral  Invitrogen Superscript IlI
RNA minikit (50) gRT-PCR (31)

3 2006 Jun 11 82 88 75 QIAGEN QIlAamp viral  Invitrogen Superscript IlI

RNA minikit (50) qRT-PCR (40)

*RT-PCR, reverse transcription—-PCR.

tTPanels 2 and 3 had 2 very low dilutions of subtype H5N1 that were beyond the limit of detection for most laboratories. Percentage of correct results
reported for the Indonesian and Vietnamese strains, with these results included, is 59 and 59 for panel 2 and 56 and 66 for panel 3, respectively.

FResults reported for influenza H5/(H5N1) testing.
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testing decreased slightly over the 3 panels for the influenza
(H5N1) Indonesian strain (Table 2). Laboratories had al-
tered primer/probe sets to increase sensitivity for the Viet-
namese strain, which resulted in decreased sensitivity for
the Indonesian strain. Sensitivities of other testing methods
(influenza A, B, H3) increased during subsequent testing of
each panel (data not shown); the number of correct results
reported by participants using influenza A matrix testing

Tose

from 84% in panel 1 to 91% in panel 3.

Conclusions

Most participants did not disclose their primer/probe

sequence information, which made it difficult to recom-
mend the most sensitive methods to other participants.
However, during a prepandemic phase, having a range
of primers/probes being used may be optimal, providing
influenza A matrix detection is also conducted and QA is
maintained, until WHO recommends a method to detect

new

pandemic strains.
Participants in the avian influenza QAP made clear im-

provements in the sensitivity and specificity of their NAT
methods over time. It is important to provide continuing
QA to expose inconsistencies in results or primers that may
be skewed toward a particular strain.
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New gnr Gene
Cassettes
Associated with
Superintegron
Repeats in

Vibrio cholerae O1

Erica L. Fonseca,* Fernanda dos Santos Freitas,*
Verdnica V. Vieira,T and Ana C.P. Vicente*

A novel gnr determinant emerged in ciprofloxacin-re-
sistant Vibrio cholerae O1 from the Amazon region of Bra-
zil. This gnrVC1 was in a typical class 1 integron. Its attC
showed 89% identity with V. parahaemolyticus superinte-
gron repeats. Analysis showed V. cholerae O1 carrying gn-
rVC2 associated with a V. cholerae superintegron repeat.

uinolones are antimicrobial drugs effective against

gram-negative bacteria. These drugs have been wide-
ly used as alternatives to conventional drug therapy for
treating Mycobacterium spp. and Neisseria spp. infections.
Quinolone resistance is frequently caused by mutations in
DNA gyrase and topoisomerase IV chromosomal genes
and an increased activity of efflux pumps that reduce intra-
cellular concentrations of the drug (1).

Resistance to these drugs has been attributed to plas-
mid-mediated gnr genes. These genes are found mainly in
Enterobacteriaceae and affect the dynamics of develop-
ment and acquisition of quinolone resistance. Until now,
all plasmid-borne gnr determinants were associated with
atypical sul-type integrons, which are characterized by a
duplication of a 3’ conserved segment, and a putative re-
combinase known as open reading frame (ORF) 513 (2). In
contrast to typical gene cassettes, these qnr genes lack the
attC site and, consequently, are unable to move by class 1
integrase excision. Qnr-like proteins coded by chromosom-
al genes have been found in Vibrionaceae, and this family
has been identified as the source of gnr genes (3,4). How-
ever, no gnr homolog was found in any Vibrio cholerae
genome sequenced.

Members of the family Vibrionaceae are characterized
by superintegrons (SIs), which are chromosomal genetic
elements containing a variety of gene cassettes with nearly
identical attC sites (e.g., V. cholerae SI repeats) (5). We re-

*Instituto Oswaldo Cruz, Rio de Janeiro, Brazil; and tiInstituto Na-
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port 2 new gnr-like genes (QnrvVCl1 and gnrVC2) in typical
class 1 integrons from clinical strains of V. cholerae O1.

The Study

V. cholerae Ol isolates from the cholera epidemic in
Brazil (1991-2000) were screened for antimicrobial drug
resistance and class 1 integrons. VC627, a clinical strain
from the Amazon region isolated in 1998, was resistant
to ciprofloxacin, in contrast to other isolates. This strain
was the only one positive for class 1 integrase but not for
gacEAT and sull genes (6). Sequence analysis of the vari-
able region of this class 1 integron showed an aadA2 gene
cassette and an ORF similar to gnr determinants. Its de-
duced amino acid sequence showed 69% sequence identity
with a chromosomal protein of Photobacterium profundum,
which was recently identified as a quinolone-resistance
determinant (QnrPP) (3) and 57% identity with QnrAl, a
plasmid-encoded protein found in Enterobacteriaceae (2).
This new gnr-like gene in V. cholerae was named gnrvCl1
(EU436855).

Qnr proteins belong to the pentapeptide repeat family,
which consists of uninterrupted pentapeptide repeats com-
prising 92% of the sequence and play a role in DNA gyrase
protection (7). These repeat features were observed in the
QnrVClI deduced amino acid sequence with the consensus
sequence [AC][DN][LF]XX (amino acids in brackets are
found more frequently and XX indicates other amino acids)
(8) (online Appendix Figure, available from www.cdc.gov/
EID/content/14/7/1129-appG.htm), with a large proportion
of serine residues in the fourth position (first X), as ob-
served by Robicsek et al. (2).

The gnrVC homologs in chromosomes of other bac-
terial species were investigated by using BLAST analysis
(www.ncbi.nlm.nih.gov/blast/Blast.cgi). Similar to other
reports of such homologs (3,4), we found Qnr-like proteins
in recently published genomes from different families, in-
cluding other members of Vibrionaceae (Figure). Analy-
sis in conjunction with informatics capabilities (in silico
analysis) showed a 657-nt sequence in a class 1 integron of
V. cholerae Ol isolated in Vietnam in 2004 (AB200915).
This ORF had 75% nt similarity with gnrVCl, and it was
designated qnrvVC2.

The gnrVC gene cassettes are characterized by attC
sites, which are absent in all others gnr genes already iden-
tified. Supporting the hypothesis of Vibrionaceae as the
source of gnr genes (3), the qnrVCI attC site has 89%
identity with V. parahaemolyticus repeats, and the gnrvC2
putative attC site has 96% identity with a V. cholerae repeat
sequence, both of which are characteristic structures of Sls.
Rowe-Magnus et al. (5) reported that SI repeat recombina-
tion sites are species specific and these elements would be
the source of gene cassettes found in drug-resistance inte-
grons, such as class 1 integrons. Therefore, we hypothesize
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that qnrVC1 gene cassette could have originated from a
V. parahaemolyticus SI, whereas qnrVC2 originated in V.
cholerae. Curiously, no chromosomal gnr genes identified
in Vibrionaceae were associated with Sls.

The gnrVC1 gene showed high amino acid divergence
compared with all gnr genes described, with similarities
ranging from 44% to 69%. The qnrvVCl1 had a G + C con-
tent of 36.8%, which is considerably different from that of
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Figure. Genetic relationships of plasmid- and chromosome-
encoded gnr proteins. Species and GenBank accession nos. are
as follows. QnrVS (Vibrio splendidus, EAP95542), QnrVsp (Vibrio
sp., EAQ55748), QnrS1 (Shigella flexneri, BAD88776), QnrVC (V.
cholerae, strain 627; EU436855; this work, shown in boldface);
QnrPP (Photobacterium profundum, YP132629), QnrVF (V. fisheri,
AAW85819), QnrSP (Shewanella pealeana, EAV99957), QnrA1
(Escherichia coli, AAY46800), QnrA3 (S. algae, AAZ04782),
QnrPsp (Psychromonas sp., EAS39797), QnrSF (S. frigidimarina,
ABI71948), QnrVV (V. vulnificus, AAO07889), QnrVP (V.
parahaemolyticus, BAC61438),QnrVA(V. alginolyticus, EAS75285),
QnrVAnR (V. angustum, EAS64891), QnrAH (Aeromonas hydrophila,
ABK38882), QnrB1 (Klebsiella pneumoniae, ABG82188), QnrVSh
(V. shilonii, EDL55273), QnrVB (Vibrionales bacterium, EDK31146),
QnrVH (V. harveyi, EDL69958). Support of the branching order was
determined by 1,000 interior branch test replicates. The distance-
based tree was generated by using p distance with the neighbor-
joining method with MEGA version 3.1 (www.megasoftware.
net). Values along the horizontal lines are the interior-branch test
percentages after testing 1,000 topologies. Scale bar indicates the
number of substitutions per alignment site, which is reflected by
branch lengths.
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the V. cholerae genome (47.5%) and is evidence of hori-
zontal gene transfer.

Promoter Pc, which is found in the 5’ conserved seg-
ment of the integron carrying qnrvCl1, was identical to the
hybrid configuration described (9,10) and is defined by 1
point mutation in the canonical —35 region. The hybrid Pc
version has 20-fold lower promoter activity than that of
the wild-type (strong) promoter. However, another study
verified expression of genes inserted into integrons under
the control of a hybrid Pc configuration (11). Moreover, in
silico analysis detected a putative promoter (35 TTGAGA
[17 nt] =10 TAGTCT) in the 5" untranslated region of the
gnrVCl1 gene cassette. Therefore, our findings characterize
conditions for qnrVCl1 expression in the class | integron.

Quinolones have excellent antimicrobial activity
against V. cholerae (12). Strain VC627 shows a 10-fold
increase in resistance to ciprofloxacin (MIC 0.25 pg/mL)
compared with strains from the seventh pandemic lineage
in Brazil (MIC 0.02 pg/mL). This increased resistance was
also observed in a Shigella flexneri strain harboring gnrS
(13,14) and V. splendidus harboring chromosomal gnrvS1
and gnrvS2 (4). This MIC value resembles that caused
by gyrA mutations in V. cholerae ciprofloxacin-resistant
strains (15). Therefore, dissemination of gnr genes by lat-
eral gene transfer may determine, in a 1-step fashion, the
same drug-resistance profile caused by acquired mutations
in housekeeping genes.

Conclusions

Our study reports characterization of 2 new gnr genes
associated with SI attC sites in typical class 1 integrons
and their emergence in V. cholerae. These genetic features
have not been observed in either chromosomal- or plasmid-
borne gnr determinants already described.

Our study suggests that, at least in Vibrionaceae, qui-
nolone-resistance genes were mobilized from SIs by class
1 integrase activity because gnrVCl1 and gnrvC2 attC ele-
ments are similar to V. parahaemolyticus and V. cholerae
SI repeats. These findings corroborate the hypothesis that
Sls are a source of cassettes present in drug-resistance inte-
grons (5). These elements are part of a reasonable scenario
for a 1-step acquisition of quinolone resistance by bacteria
(e.g., Mycobacterium spp. and Neisseria spp.). This acquisi-
tion may jeopardize treatment and control and have adverse
consequences on infections caused by these organisms.

This work was supported by a fellowship from Conselho Na-
cional de Desenvolvimento Cientifico e Tecnolégico, a grant from
the Instituto Oswaldo Cruz, and the Plataforma de Desenvolvi-
mento Technologico em Insumos para a Satide for sequencing.
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Experimental
Infection of Cattle
with Highly
Pathogenic Avian
Influenza Virus
(H5N1)

Donata Kalthoff,* Bernd Hoffmann,*
Timm Harder,* Markus Durban,* and Martin Beer*

Four calves were experimentally inoculated with
highly pathogenic avian influenza virus A/cat/Germany/
R606/2006 (H5N1) isolated from a cat in 2006. All calves
remained healthy, but several animals shed low amounts
of virus, detected by inoculation of nasal swab fluid into
embryonated chicken eggs and onto MDCK cells. All
calves seroconverted.

ince 1997, an epidemic of highly pathogenic avian in-

fluenza virus (HPAIV) subtype H5NI1 has spread in
Asia, causing fatal infections in poultry, wild birds, and
mammals, including humans (1). Knowing the suscepti-
bility to HPAIV (H5N1) of mammalian species living in
close proximity to humans and poultry, such as members of
the family Bovidae (e.g., cattle or water buffalo), would be
helpful to those developing surveillance plans or determin-
ing risk areas. Serologic examinations have indicated that
calves might be susceptible to influenza A virus (2); how-
ever, so far only 1 strain (A/calf/Duschanbe/55/71 H3N2)
has been identified as a cattle strain (3). A correlation be-
tween influenza A virus infection, reduced milk yield, and
respiratory symptoms in dairy cows was assumed in the late
1990s (4,5) and has received recent attention (6,7). Never-
theless, to our knowledge, no data about the susceptibil-
ity of cattle to infections with HPAIV have been reported.
Therefore, we experimentally infected bovine calves with
HPAIV (H5N1) and collected data about clinical symp-
toms, viral excretion, and serologic reactions.

The Study

In 2007, 6 Holstein-Friesian calves, 3 month of age,
were obtained from a breeder near Greifswald-Insel Riems,
Germany. Their influenza A virus—free status was con-
firmed, and no avian influenza virus—specific genomes or
antibodies were detected. All experiments were performed
in the high-containment animal facility (Biosafety Level

*Friedrich-Loeffler-Institut, Greifswald-Insel Riems, Germany

DOI: 10.3201/eid1407.071468
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3+) at the Friedrich-Loeffler-Institut (trial approval no.
LVLM-V/TSD/7221.3-1.1-003/07).

Four of the calves were intranasally inoculated with
HPAIV (H5N1) strain A/cat/Germany/R606/2006, which
had been isolated from a cat in 2006 (8,9). The virus was
aerosolized in 5 mL cell culture medium containing 10%°
50% egg infectious dose/mL (third egg passage). The other
2 calves (contacts) were not inoculated but were housed
in the same containment room for the duration of the ex-
periment. For 7 days all calves were monitored by physi-
cal examination, and pharyngeal swabs were collected and
examined for virus excretion.

All 6 calves remained healthy; no specific clinical
signs were observed. All nasal swabs were tested with real-
time reverse transcription—PCR specific for subtype HSN1
(10), and the genomic load was semiquantified by using
threshold cycle values. Infectious virus was detected by
inoculation of swab fluid into embryonated chicken eggs
with 1 subsequent passage and onto MDCK cells (collec-
tion of cell lines in veterinary medicine, Friedrich-Loeffler-
Institut, Isle of Riems, RIE&3).

Nasal swabs from all inoculated calves collected at 1
day postinoculation (dpi) were positive for viral RNA, and 3
of 4 calves shed infectious virus, detected by virus isolation
in embryonated chicken eggs (Table 1). Isolation of infec-
tious virus in cell culture was successful in 2 of 4 samples.
Furthermore, of 4 inoculated calves, 2 were positive for
HPAIV (H5N1) genome copies at 2 dpi, and 1 shed infec-
tious virus. From 3 dpi through 7 dpi, samples from nasal
swabs of all animals were negative for viral genome, and all
nasal swabs of the 2 contact calves remained negative for
HPAIV (H5N1) RNA during the experiment (Table 1).

Assuming that susceptible animals should mount an
antibody response, we looked for antibodies against the
highly conserved and immunogenic nucleoprotein (NP) of
type A influenza viruses (11). Heat-inactivated (30 min at
56°C) serum samples collected at 0, 7, 14, 21, 28, and 91
dpi were tested for NP-specific antibodies with a licensed
commercial ELISA (avian influenza A-blocking ELISA,
Pourquier, Montpellier, France) according to the manu-
facturer’s instructions. Serum samples from 50 HPAIV
(H5N1)-negative, nonrelated cattle were used as con-
trols and to confirm the specificity of the ELISA (data not
shown).

To quantify the serologic response, we performed virus
neutralization (VN) and hemagglutination inhibition (HI)
tests with homotypic virus. The VN test was modified ac-
cording to a previously described procedure (12). In brief,
bovine serum samples were heat inactivated for 30 min at
56°C, and 3-fold serial dilutions were performed in a 50-uL
volume of cell culture medium in 96-well plates. The dilut-
ed serum samples were mixed with an equal volume of me-
dia containing homotypic influenza virus at a concentration
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Table 1. Detection of highly pathogenic avian influenza virus (H5N1) in nasal swabs from calves, Germany, 2007*

Day postinoculation

0 1 2 3-7
Calf PCRt PCR Egg Cell PCR Egg Cell PCR
Inoculated
A1 >40 20-30 - - 30-40 - - >40
A2 >40 30-40 + + 3040 + - >40
A3 >40 20-30 + + >40 ND ND >40
A4 >40 30-40 + - >40 ND ND >40
Contact
K1 >40 >40 ND ND >40 ND ND >40
K2 >40 >40 ND ND >40 ND ND >40

*Inoculated calves received highly pathogenic influenza virus (H5N1) strain A/cat/Germany/R606/2006 (8,9); contact calves were not inoculated but were
housed with the inoculated calves. Egg, embryonated chicken eggs; cell, MDCK cell culture; +, virus detected; —, virus not detected; ND, not done.
TH5-specific real-time reverse transcription—-PCR; results are shown as range of detected threshold cycle values.

of 10% 50% tissue culture infectious dose/well. After 1 h in-
cubation at 37°C in a 5% CO, humidified atmosphere, 100
pL of Vero cells (African green monkey kidney, collection
of cell lines in veterinary medicine, Friedrich-Loeffler-In-
stitut, Isle of Riems, RIE228) at 1.5 x 105/mL was added to
each well. The plates were incubated for 3 days at 37°C and
5% CO,. Viral replication was assessed by visually scor-
ing the cytopathic effect without staining. Each assay was
validated by comparison with positive and negative control
serum from chickens and cattle as well as back titration
of the used virus dilutions. Previous treatment with perio-
date (13) had no influence on the neutralizing titers. Serum
samples were also tested for H5-specific antibodies by HI
test with 4 hemagglutinating units of homotypic virus as
antigen according to standardized methods (14). All serum
samples were treated with periodate and heat inactivated
to eliminate serum inhibitors. The HI tests were performed
with a starting dilution of 1:8 by using a 1% suspension of
chicken erythrocytes in a 0.85% saline solution.

The commercial NP-specific ELISA detected influen-
za A virus—specific antibodies at 14 dpi in 2 of the 4 inocu-
lated animals (Table 2). All 4 animals had positive scores
for neutralizing antibodies against the homologous virus at

14 dpi; specific titers ranged from 16 to 51. Furthermore,
the HI test detected titers of 8 at 28 dpi in the 4 inoculated
calves. At 21 dpi, VN testing indicated that 1 of the contact
calves was positive for subtype HSN1-specific antibodies,
NP-ELISA results for this calf were questionable, and HI
testing did not detect any hemagglutinating antibodies. The
other contact calf remained serologically negative through-
out the experiment. Finally, 3 months after inoculation,
VN test and ELISA clearly indicated seroconversion by all
inoculated calves and 1 of the contact calves. In contrast,
HI results were negative for all but 2 inoculated animals
(Table 2).

Conclusions

Our findings show that HPAIV (H5N1) has the po-
tential to infect bovine calves, at least after high-titer in-
tranasal inoculation, and that conventional HI tests may
underestimate such infections. Furthermore, asymptomatic
shedding of HPAIV (H5N1) by infected calves and subse-
quent seroconversion seem to be possible, and even low
levels of HPAIV (H5N1) might be sufficient to induce a
detectable antibody response in contact calves. However,
the possibility that the infectivity detected in the contact

Table 2. Serologic testing results for highly pathogenic avian influenza virus (H5N1) in calves, Germany, 2007*

Day postinoculation

0 7 14 21 28 91
Calf NPt VNt HI§ NP VN HI NP VN HI NP VN HI NP VN HI NP VN HI
Inoculated
A1 98 23 <3 90 33 <3 42 4 <3 26 4 <3 24 6.2 3 20 7 <3
A2 114 04 <3 117 3 <3 69 5 <3 27 4 <3 22 6.2 3 18 6.7 3
A3 118 <1 <3 90 2.7 <3 28 57 <3 29 5 <3 21 7 3 15 7 3
Ad 102 0.7 <3 122 2 <3 25 53 <3 24 5 <3 24 58 3 19 6.3 <3
Contact
K1 96 1.3 <3 88 <1 <3 73 2 <3 44 4 <3 40 45 <3 45 5 <3
K2 120 0.7 <3 98 23 <3 89 <1 <3 68 <1 <3 76 0.7 <3 50 <1 <3

*Inoculated calves received highly pathogenic influenza virus (H5N1) strain A/cat/Germany/R606/2006 (8,9); contact calves were not inoculated but were

housed with the inoculated calves. Positive results are in boldface.

NP, avian influenza A— blocking ELISA against nucleoprotein (Pourquier, Montpellier, France) inhibition % (<35, positive; >45, negative; 35-45,

questionable).

FVN, virus neutralization test (ND100 log,); values >4 are considered positive.

§HI, hemagglutination inhibition (log,); values >3 are considered positive.
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calf at 1 dpi was the result of residual inoculum cannot be
ruled out. Although the question whether calf-to-calf trans-
mission of HPAIV (H5N1) occurs could not be definitely
answered by our study, bird-to-calf transmission resulting
in seroconversion is probable.

The incidence of clinical infections of cattle with
HPAIV (H5N1) in disease-endemic regions should be low.
However, our data indicate that serum from bovine spe-
cies would be a valuable source of additional information
about transmission events, especially in regions like Asia
and Egypt, where HPAIV (H5N1) is endemic and prob-
ability of contact between poultry and cattle is high. The
NP-ELISA is currently the assay of choice for the evalu-
ation of bovine serum, and the VN test should be used for
confirmation.
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Outbreak of
Dengue and
Chikungunya
Fevers, Toamasina,
Madagascar, 2006
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An outbreak of dengue-like syndrome occurred in Toa-
masina from January through March 2006. Dengue type |
or chikungunya viruses were detected in 38 of 55 patients
sampled. Aedes albopictus was the only potential vector col-
lected. Of 4,242 randomly selected representative residents
interviewed retrospectively, 67.5% reported a dengue-like
syndrome during this period.

Arbovirus infections, arthropod-transmitted viral diseas-
es, are common health risks in tropical and subtropi-
cal areas. Since early 2006, chikungunya fever, a crippling
mosquito-borne disease, has emerged in the southwestern
nations of the Indian Ocean. An epidemic started in Ke-
nya in 2004 and in Moroni (Comoros Island) early in 2005
(1). Increasing incidence of the disease was first reported in
April 2005 in the French island of Réunion. Approximately
5,000 cases were reported up to December, when a massive
epidemic began (2). By the first week of March 2006, the
virus had spread to the islands of Seychelles, Mauritius,
and Mayotte (1).

During that same period, in January 2006, an outbreak
of denguelike syndrome (DLS) was reported in Toamasina,
on Madagascar’s east coast. The results of the virologic and
entomologic investigations are reported below. A retro-
spective cross-sectional study was also conducted to assess
the extent of the outbreak.

The Study

Laboratory investigation began when the alert was
given in January 2006. Serum samples were obtained from
patients who had fever lasting <5 days and at least 3 of

*Institut Pasteur de Madagascar, Antananarivo, Madagascar; tDi-
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the following symptoms: headache, myalgia, arthralgia,
retroorbital pain, or rash. Serum samples were sent from
the health centers in Toamasina to the Institut Pasteur de
Madagascar in Antananarivo in dry nitrogen containers
and then stored at —80°C. Altogether, 55 patients were
sampled; second samples were obtained from 14 patients.
RNA extraction and chikungunya virus (CHIKV) detection
were performed as previously described (1). Dengue virus
(DENV) detection was performed according to the tech-
nique of Lanciotti et al. (3). Immunoglobulin (Ig) M and
IgG against CHIKV and DENV were detected by ELISA
as previously described (4).

Entomologic investigation was conducted February 14—
17, 2006, to determine the abundance of DENV and CHIKV
in urban mosquito vectors. Five neighborhoods in which hu-
man cases of DLS had been reported were explored. Mos-
quito larvae collected by manual method at all potential lar-
vae breeding sites, inside and outside homes, were reared to
obtain adults for species identification. The Breteau Index
and Container Index were then calculated for the Aedes spp.
identified. Collection of adult mosquitoes was performed
indoors with pyrethrum spray catches and outside with US
Centers for Disease Control and Prevention (CDC) light trap
and oral aspirators (for hand catches).

Epidemiologic study was conducted March 21-28,
2006. A retrospective cross-sectional study was performed
on Toamasina’s population (=200,000 inhabitants) by using
a 2-stage cluster sampling (n = 378) at the neighborhood
level. Every member of the household was interviewed
with a standardized questionnaire based on personal history
of sickness and travel. Data for children or those absent
were given by present adults. Description of fever episodes
and other clinical signs occurring after January 1, 2006,
were collected. DLS is defined as a febrile illness and at
least 2 other signs or symptoms: headache, joint pain, body
pain, rash, and asthenia. Data were entered and analyzed by
using Epilnfo (CDC, Atlanta, GA, USA).

DENV-1 or CHIKV was detected in 38 of 55 pa-
tients sampled. Co-infections were detected in 10 patients
(Figure 1). Consequently, the outbreak was definitively at-
tributed to DENV-1 and CHIKV.

Aedes albopictus was the unique DENV and CHIKV
vector found. Only 6 adults of this mosquito species were
caught. All of the positive larval breeding sites consisted
of artificial containers (drums, buckets, coconut shells, dis-
carded cans, tires, pots, and wet containers). Tires were the
most important breeding sites identified (68%, n = 96). The
Container and Breteau Indexes were 38.6 and 84.0, respec-
tively. Ae. albopictus mosquito pools (n = 23) were tested
by processing with CHIKV and DENV reverse transcrip-
tion—PCRs. Five pools, including adults reared from larvae,
were found to be CHIKV positive. However, no isolate was
obtained from these pools by using AP61 cells.
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1
IgM negative

55
serum samples

38 RT-PCR
confirmed

9
not determined

7
IgM positive

3 CHIKV

4 CHIKV

Figure 1. Laboratory diagnosis, dengue (DENV) and chikungunya
(CHIKV) viruses, for 55 patients sampled, Madagascar, 2006. RT-
PCR, reverse transcription—PCR; Ig, immunoglobulin.

A total of 4,242 residents (803 household units) in the
27 neighborhoods of Toamasina participated in the study.
The mean age of participants was 24.9 years (95% confi-
dence interval [CI] 24.4-25.4). The sex ratio (male:female)
was 0.87. Most of the participants (n = 3,084; 72.7%) re-
ported >1 previous episode of fever from January through
March 2006. DLS was suspected in 2,863 (67.5%) resi-
dents, among whom 41 (1.4%) were hospitalized.

The estimated epidemic curve identified 2 outbreak
periods. This distribution was emphasized by the report of
a second episode of DLS by 110 patients. The peaks of
the 2 periods were estimated in weeks 7 and 11 (Figure 2).
The percentage of DLS in the studied population was high
(40.2%—-76.1%), regardless of age or sex. Rates of DLS did
no differ in male and female patients. However, patients
with DLS were older (mean age 26.8 years, 95% CI 26.2—
27.4) than nonaffected persons (mean age 20.8 years, 95%
CI 19.9-21.7; p<0.01). The most common features of the
first episode of DLS (n = 110) were fever (100%), head-
ache (96.4%), joint pain (79.1%), asthenia (76.4%), my-
algia (76.4%), pruritus (40.0%), and rash (13.6%). When
these 110 patients exhibited a second episode of DLS, the
most common clinical features were fever (100%), head-
ache (90.0%), myalgia (73.6%), joint pain (68.2%), and
pruritus (28.2%).

Conclusions

An outbreak caused by both CHIKV and DENV-1 oc-
curred in Madagascar. The notification of CHIKYV in the
island occurred during a large epidemic that hit the south-
western islands of the Indian Ocean. The Malagasy CHIKV
E1l partial nucleotide sequences were similar to those of
the Indian Ocean outbreak (Réunion, Seychelle, Mayotte,
Mauritius islands) and represented a distinct clade within

1136

the large east-central and South African phylogroup (1).
DENV-1 was also circulating during this outbreak in the
eastern part of the island. A few DENV-1 isolates were al-
ready obtained from patients visiting the northwestern coast
of the island in early 2005. Molecular characterization of
these isolates showed that they were similar to DENV-1
strains circulating in 2004 in Réunion and indicated their
regional origin (H. Zeller, pers. comm.).

Ae. albopictus was the only urban vector of DENV or
CHIKYV detected during this outbreak. This species had al-
ready been reported in the eastern coast of Madagascar (5).
Individual mosquitoes from this species, sampled in Anta-
nanarivo (in the highlands of Madagascar) in the 1970s and
more recently in northern Madagascar, are highly suscepti-
ble to CHIKV and DENV (6-8). This situation, associated
with a high larvae index and probably a nonimmune popu-
lation, led to a high rate of transmission, as indicated by
the high percentage of DENV-1 and CHIKV co-infection
detected in the 55 patients tested (18%) and the high attack
rate (67.5%).

The cocirculation of DENV-1 and CHIKV during the
period may explain the 2 peaks observed in the epidemic
curve. However, because the study was based on clinical
observations alone, we could not measure the relative con-
tribution for each peak. All age groups were affected. This
result is likely due in part to the recent emergence of these
viruses in Madagascar. However, children and particularly
those <1 year of age might be less exposed to Ae. albopic-
tus because they are often indoors and are fully covered.
Underreporting could also be an explanation for this mod-
erate prevalence in children.

During this epidemic, vector control measures (remov-
al of tires from rooftops, information campaign, education
of the community) were undertaken by the local authori-
ties. After the outbreak, the Malagasy Ministry of Health
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= = Global epidemic curve \

450

First denguelike syndrome (n = 110)

25

v
= Second denguelike syndrome (n = 110) / \
s
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o
&
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Weeks

Figure 2. Outbreak curve of dengue and chikungunya fevers in
Toamasina, January 1-March 28, 2006.
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implemented a sentinel surveillance system to monitor and
control epidemic arboviral diseases. However, the emer-
gence of this regional outbreak also demonstrates the need
for coordinating surveillance systems in the islands in the
southwestern Indian Ocean.

This work received financial support from the Institut Pas-
teur de Madagascar.

Dr Ratsitorahina is a physician working in the Epidemiol-
ogy Unit at the Institut Pasteur de Madagascar. He has conducted
epidemiologic research in Madagascar for >10 years.
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We tested the feasibility of linking Active Bacterial Core
surveillance, a prospective, population-based surveillance
system for invasive bacterial disease, to a newborn dried
blood spot (nDBS) repository. Using nDBS specimens, we
resequenced CD46, putative host gene receptor for Neis-
seria meningitidis, and identified variants associated with
susceptibility to this disease.

Host genetic factors may help predict susceptibility to
infectious diseases and could target high-risk popula-
tions for public health interventions such as vaccination.
However, even with cost-effective genotyping technolo-
gies (1), small cohorts and limited associated epidemiolog-
ic data may lead to underpowered studies. Existing large
population-based surveillance systems, if integrated with
appropriate genetic material, could contribute crucial hy-
potheses and generate data to identify host factors underly-
ing infectious diseases.

Active Bacterial Core surveillance (ABCs) is a network
of state health departments, academic institutions, and lo-
cal collaborators funded by the Centers for Disease Control
and Prevention (CDC). This network conducts population-
based surveillance for invasive bacterial pathogens, includ-
ing encapsulated bacteria Haemophilus influenzae, Neis-
seria meningitides, and Streptococcus pneumoniae (2);
the Minnesota Department of Health has been involved in
ABCs since 1995. Use of ABCs data to identify potential
genetic risk factors could identify high-risk groups for vac-
cination with conjugated polysaccharide vaccines targeted

*Vanderbilt University, Nashville, Tennessee, USA; tEmory Univer-
sity, Atlanta, Georgia, USA; $Minnesota Department of Health, St.
Paul, Minnesota, USA; §Centers for Disease Control and Preven-
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against encapsulated bacterial pathogens. In particular, N.
meningitidis, the causative agent for meningococcal dis-
ease, has a baseline carriage rate of 5%—-10% (3), a US in-
cidence of 1 case/100,000 persons (2,4), and a 10%—15%
case-fatality rate (2). Given the epidemiology of N. menin-
gitidis and recent data suggesting a high sibling risk ratio
(5), it is plausible that host factors (6) modify susceptibility
or severity to meningococcal disease.

The Study

Although ABCs provides a unique epidemiologic con-
text for assessing host genetic risk factors for N. meningiti-
dis, host DNA is not collected. However, genetic material
is collected prospectively from all infants through state-
based newborn dried blood spot (nDBS) programs (7). We
cross-referenced ABCs data to the state’s nDBS repository
to identify nDBSs from Minnesota ABCs case-patients and
controls.

ABCs data were evaluated to identify cases of invasive
encapsulated bacterial infection (H. influenzae, N. menin-
gitides, or S. pneumoniae) in persons born January 1, 1997,
through December 31, 2000. Parents or guardians of case-
patients were contacted by mail for written consent (and
where needed, childhood consent). ABCs data from case-
patients with parental consent and from case-patients who
did not respond after 2 successive mailings were included
in the study. Two controls, selected from among children
with nDBSs, were matched per case by date of birth, race,
and hospital of birth. ABCs data and case and control nDB-
Ss were stripped of linkage to personal identifiers.

Human subject review and approval was obtained
through CDC and the Minnesota Department of Health
before study initiation. Once ABCs data and nDBSs were
deidentified, the CDC institutional review board closed the
project, which enabled genomic studies with unidentifiable
nDBS specimens. The University of Washington human
subjects division subsequently granted a certificate of ex-
emption.

We identified 486 cases of invasive disease: 22 with N.
meningitidis, 19 with H. influenzae, and 445 with S. pneu-
moniae. One case-patient refused consent and was dropped
from the study; 88 case-patients (18.1%) gave written con-
sent, and 397 (81.7%) did not respond after 2 mailings. The
nDBSs were identified for 406 (84%) case-patients. Among
controls, 812 (100%) were matched to case-patients by date
of birth and race, and 674 (83%) were matched by date of
birth, race, and hospital of birth. A total of 22 N. menigiti-
dis case-patients and 44 controls with nDBSs defined the
case—control (CC) study. Case-patient characteristics are
shown in Table 1. No deaths were documented among the
ABCs case-patients.

Genomic DNA was amplified from 3-mm punches of
1/2" nDBSs by using multiple displacement techniques (8)
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Table 1. Characteristics of 22 case-patients infected with
Neisseria meningitidis

Characteristic Value
Female, no. (%) 11 (50.0)
Race-ethnicity, no. (%)
White 16 (72.7)
Black 3(13.6)
Asian 2(9.1)
Other 1(4.6)
Mean age, d (range) 144 (9 d-3.4y)
Bacteremia with focus, no. (%) 12 (54.6)
Meningitis, no. (%) 10 (45.5)
Serogroup, no. (%)
B 10 (45.5)
C 5(22.7)
Y 5(22.7)
W135 1(4.5)
Not groupable 1(4.5)

(Molecular Staging, Inc., New Haven, CT, USA). We rese-
quenced the CD46 gene (9), a putative host gene receptor
for N. meningitidis (10,11), in 143 samples from 66 CC
study samples and 77 Coriell Cell Repository (CCR; Cam-
den, NJ, USA) samples (online Technical Appendix, avail-
able from www.cdc.gov/EID/content/14/7/1138-Techapp.
pdf) (GenBank accession no. AY916779). Standard dye
primer and termination sequencing with sequence assembly
and polymorphism discovery was performed through the
Program for Genomic Applications (National Heart, Lung,
and Blood Institute, Bethesda, MD, USA) (Seattle SNPs
[single nucleotide polymorphisms]) (12). Of 269 diallelic
sites (SNPs), 173 (64%) were in the CC study samples and
59 (34%) were unique to the CC study samples (Table 2,
online Technical Appendix). Hardy-Weinberg equilibrium
(HWE) was used to evaluate genotyping errors; most SNPs
in CCR (97.6%) and CC study samples (96.5%) samples
met HWE (p>0.05).

The overall genotyping call rate for nDBS CC study
samples was 89.5% compared with 96.7% for cell line—de-
rived CCR DNAs (p<0.0001, by ¥ test). Among CC study
samples, 62% had highly useable DNA quality as assigned
by MSI after amplification. The DNA quality rating pre-

Host Genomics and Bacterial Disease Surveillance

dicted genotyping call rate (generalized linear model R*=
0.52, p<0.0001) with highly useable samples having a call
rate of 93.9%.

Among 173 SNPs in the CC study samples, 116 (67%)
were in case-patients, 146 (84.3%) in controls, and 89
(51.15%) in both groups (Table 2). We grouped SNPs (mi-
nor allele frequency >5%) from the European-American
CCR samples into bins on the basis of linkage disequi-
librium (r>>0.80) by using the LDSelect algorithm (13).
Among 17 CD46 tagSNPs tested (each representing 1 bin),
site 6420 (rs41317049) was significantly associated with
meningococcal disease (by Fisher exact test) assuming a
general genotype model (separately comparing homozy-
gous major, heterozygous, and homozygous minor alleles;
p = 0.0176) and a dominant genetic model (homozygous
major allele vs. all others; p = 0.0440) (online Technical
Appendix). Logistic regression showed that, adjusting for
age and sex, SNP 6420 had borderline significance (p =
0.051), with increased odds of disease (odds ratio 4.38)
for GT/GG versus TT genotypes (95% confidence inter-
val 0.99-19.30). Given a sample size of 16 case-patients
and 32 controls, a general genotype model is powered (o
=0.05, p = 0.80) to detect an odds ratio from 3.6 through
6.6, depending on the minor allele frequency of the risk-
conferring SNP.

Conclusions

We integrated an active, population-based, prospective
disease surveillance system post hoc with a population-
based, prospective nDBS repository to combine disease
surveillance information with genetic specimens. Although
nDBSs have been used to establish prevalence (14), nDBSs
have not been linked post hoc to an extensive clinical/epi-
demiologic database for genetic hypothesis generation.

To test use of these nDBS specimens for hypothesis
generation, we resequenced a potential meningococcal
risk factor, the putative meningogoccal receptor CD46, for
genetic variation discovery. Highly useable samples had
genotyping call rates similar to those of cell-line extracted
CCR DNA (94% vs. 97%). Furthermore, on the basis of

Table 2. Number of diallelic sites (SNPs) identified for CD46, by population*

Population Sample size No. SNPst (population-specific SNPs)t No. common SNPs§
European American 23 93 (32) 58

African 24 130 (74)Y 68

Asian 24 88 (30) 46
Hispanic 6 56 (3) 56

Study samples 66 173 (59) 66
Case-patients 22 116 (27) 70
Controls 44 146 (57)

*SNPs, single nucleotide polymorphisms.

tIncludes SNPs and diallelic insertion/deletion polymorphisms (indels).
1No. SNPs identified in only that racial/ethnic population.

§Common SNPs defined as having a minor allele frequency >5%.

fITwo SNPs (sites 18924 and 28122) were specific to the African cohort but in regions not resequenced sufficiently in other populations. Additional

genotyping is needed to conclusively identify these as African specific.
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HWE and similar allele frequencies between the CC study
samples and CCR samples, we did not detect heterozygote
bias. Ongoing studies are evaluating use of other technolo-
gies to genotype these samples.

We identified an association between an SNP (6420;
rs41317049) in the candidate gene CD46 and case status
for N. meningitidis. The intronic location of SNP 6420 and
existence of CD46 splicing isoforms (15) suggest a pos-
sible role of altered splicing. However, the genetic associa-
tion itself and any hypothesized mechanism require future
replication studies to rule out alternative explanations of
chance, population stratification, causality/susceptibility,
or linkage disequilibrium.

Our results are novel, but this pilot study was powered
for large genetic effects. Furthermore, the cohort was pri-
marily of European descent, and results were not adjusted
for multiple comparisons. Given the surveillance target
period and duration that Minnesota retained nDBS speci-
mens, our study cohort was children <5 years of age, the
age range targeted for conjugate polysaccharide vaccines.
With the growing importance of using nDBSs for genetic
studies (7), future studies should assess whether this ap-
proach is generalizable. Use of existing large, surveillance
databases linked to nDBS repositories will facilitate rep-
lication of the genetic association specifically, and more
generally, evaluation of host genomics of susceptibility to
infectious diseases.
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Invasive Amebiasis
iIn Men Who Have
Sex with Men,
Australia

Damien Stark,* Sebastian J. van Hal,*
Gail Matthews,t John Harkness,*
and Deborah Marriott*

Entamoeba histolytica is a pathogenic ameba that has
recently been recognized as an emerging pathogen in men
who have sex with men (MSM) in Asia-Pacific countries
where it is not endemic, i.e., Japan, Taiwan, and Republic
of Korea. We report locally acquired invasive amebiasis in
Sydney, Australia, exclusively in MSM.

Entamoeba histolytica is a pathogenic ameba that can
cause invasive intestinal and extra-intestinal disease.
The most frequent manifestations of invasive amebiasis are
colitis and liver abscesses (1). Although E. histolytica is one
of the most common parasitic infections worldwide, invasive
disease remains uncommon in industrialized counties. Re-
cent studies from Japan, Taiwan, and Republic of Korea, ar-
eas where E. histolytica endemicity is generally low, suggest
that amebiasis is an emerging parasitic infection that occurs
exclusively in men who have sex with men (MSM) (2-6).
In Australia, the documented incidence of Entamoeba spp.
in the general population is 1%-4% (1). In MSM, the rates
of Entamoeba spp. carriage were previously documented to
be as high as 37% (7). However, these studies failed to dif-
ferentiate the pathogenic E. histolytica from the morphologi-
cally identical nonpathogenic E. moshkovskii and E. dispar,
therefore leaving the accuracy of these results in question.
A study in Australia that used molecular methods showed
E. histolytica prevalence rates in MSM to be as low as 0.1%
(8). Impaired host immunity is associated with increased
pathogenicity of invasive amebiasis. Recent studies indicate
an increased risk for invasive amebiasis among persons with
HIV (9,10). We report 5 cases of invasive amebiasis in MSM
from Sydney, New South Wales, Australia, from December
2006 through October 2007.

The Cases
Of'the 5 patients, 3 had amebic colitis and 2 had amebic
liver abscesses, all were MSM, 4 were HIV-infected, mean
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and fUniversity of New South Wales, Sydney, New South Wales,
Australia
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age was 45 years (range 35-57 years), and median CD4
count was 713 cells/mm?’ (Table). No associations among
any of the patients were noted. All patients were receiving
highly active antiretroviral therapy at the time of examina-
tion. Of the 5 patients, 4 had not traveled extensively in
the past 4 years, but the remaining patient had traveled to
Malaysia and China 6 months before onset of colitis. Other
possible risk factors for acquisition were identified in 4 pa-
tients: 3 had had high-risk sex behavior at sex-on-premises
venues, and the other had had a male partner who had trav-
eled to countries where invasive amebiasis was highly en-
demic.

The patients had bloody diarrhea and abdominal
pain for 2—4 weeks. Routine fecal cultures were negative
for bacterial pathogens. Microscopic examination of per-
manently fixed, stained fecal smears was positive for E.
histolytica/dispar/moshkovskii complex. Diagnosis of E.
histolytica was confirmed by PCR targeting the small sub-
unit ribosomal DNA as described (8). Results of serologic
examination of these patients were positive; all titers were
>256 according to indirect hemagglutination antibody as-
say, which confirmed invasive disease. However, although
antibodies against amebae indicate invasive disease, these
antibodies can also be seen in persons with asymptomatic
colonization with amebae (1).

The 2 patients with liver abscesses each had large, soli-
tary abscesses in the right lobe of the liver (8 X 6 X 6 cm
and 7.5 x 6.2 X 6.6 cm). In 1 patient, the abscess ruptured
through the liver capsule, and collapse of the right middle
and lower lung lobes and a resultant pleural effusion com-
plicated the subphrenic collection of pus from the abscess.
Levels of liver enzymes (alkaline phosphatase and gamma
glutamyl transferase), C-reactive protein, and neutrophils
(absolute numbers) were raised. Both patients underwent
percutaneous drainage of their liver abscess; cultures of as-
pirated pus were negative for bacteria and fungi. Results
of indirect hemagglutination antibody assay were positive;
titer was >256. Microscopy and PCR of fecal samples were
negative for E. histolytica. For these 2 patients with ame-
bic liver abscess, the diagnosis was delayed; they had had
symptoms for >2 weeks and were then treated for bacterial
liver abscess before the correct diagnosis was made.

All 5 patients made a successful recovery after treat-
ment with metronidazole. In addition, all were treated for
cyst carriage with paromomycin, a luminal amebicide.

Conclusions

E. histolytica carriage and invasive disease are com-
mon in the Asia-Pacific region, especially in developing
countries. In countries where E. histolytica prevalence is
low, such as Japan, Taiwan, Republic of Korea, and Aus-
tralia, rates of amebiasis are low and invasive amebiasis is
uncommon. Recent reports from a number of these coun-
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Table. Summary of clinical characteristics of 5 patients with invasive amebiasis, Australia, December 2006—October 2007*

Age, y HIV status ~ CD4 count, cells/mm®  HIV viral load, copies/mL  Clinical condition Identified risk factors

35 + 672 ND Colitis SOP

42 + 756 <40 Colitis SOP and travel in past 6 mo

43 + 754 ND Colitis SOP

57 - ND ND Liver abscess Extensive travel by ex-partner in
past 8 mo

52 + 256 30,700 Liver abscess None

*ND, not done; SOP, visited sex-on-premises venue.

tries, however, suggest that invasive amebiasis is emerg-
ing as an increasingly common infection, specifically in
the MSM population (2-6). MSM have a higher risk than
others for intestinal parasite carriage; not only are they sub-
stantially more likely to harbor intestinal protozoa, but they
are also more likely to harbor multiple parasites (11). These
protozoa are transmitted by the fecal—oral route; high rates
of oral-anal sex by MSM are considered the reason for
increased rates of carriage. Because E. histolytica is also
transmitted by the fecal—oral route, MSM may also have an
increased risk for E. histolytica carriage. This higher rate of
asymptomatic carriage is likely to translate into a greater
risk for invasive disease. Recent seroprevalence studies in
Taiwan that used indirect hemagglutination antibody assay
have confirmed MSM’s statistically significant higher risk
for E. histolytica exposure (5).

In Japan, amebiasis has become endemic in MSM;
symptomatic E. histolytica infection occurs almost exclu-
sively in middle-aged MSM in the large cities of Japan
(2,3). Similar findings are reported for MSM in Taiwan
(4,5). More recently, a study from the Republic of Korea
documented invasive amebiasis (amebic liver abscess)
in HIV-infected MSM (6). To date, the emergence of
E. histolytica infections in MSM seems to be limited to
the Asia-Pacific region. In a large retrospective study of
34,000 HIV-infected patients in United States, only 2 pa-
tients had invasive amebiasis (12). The reasons for this
geographic variation are unclear, but it is likely linked to
the higher background prevalence of E. histolytica infec-
tions in Asia. Regional E. histolytica strains show a high
degree of diversity but no major differences between re-
gional genotypes; other factors relating to host or virulence
factors may be important but are as yet undetermined (3).
We now report local acquisition of E. histolytica by MSM
in Australia; as shown by the above 5 cases of invasive
disease and 3 previous cases of noninvasive infections
also acquired locally (13).

Of note, 4 of the 5 patients we report were HIV in-
fected. Seroprevalence rates of E. histolytica (determined
by indirect hemagglutination antibody assay) are higher for
HIV-infected persons then for HIV-nonninfected persons,
although the reasons are unclear (5,14). Higher rates of E.
histolytica carriage in MSM likely reflect high-risk sex be-
havior and multiple exposures, resulting in increased risk
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for acquisition. This hypothesis is supported by the high
rates of sexually transmitted infections that occur in Aus-
tralian MSM who visit sex-on-premises venues (15). Anti-
body responses predominantly occur with invasive disease.
Whether immunosuppression caused by HIV infection at-
tenuates the risk for invasive amebiasis is unknown. His-
torically, the evidence has been contradictory, and most
published studies had had severe limitations. Nevertheless,
more recent data seem to indicate that HIV-infected per-
sons are at increased risk for invasive amebiasis (9,10).

The emergence of E. histolytica in MSM is of public
health concern because it has the potential to become en-
demic in this population in Australia and to cause severe
disease. Further study is needed to identify the reasons for
the geographic variation and the role of E. histolytica in
invasive disease. In conclusion, invasive amebiasis has the
potential to emerge as an important parasitic infection in
the Asia-Pacific region, especially in HIV-infected MSM
in countries where E. histolytica is not endemic.

Dr Stark is a senior hospital scientist at St. Vincent’s Hospi-
tal, Darlinghurst. His research interests are directed at molecular
diagnosis of parasitic diseases.
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Persistence of
Diphtheria,
Hyderabad, India,
2003-2006

Sailaja Bitragunta,* Manoj V. Murhekar,*
Yvan J. Hutin,* Padmanabha P. Penumur, ¥
and Mohan D. Gupte*

During 2003—-2006, diphtheria rates in Hyderabad, In-
dia, were higher among persons 5-19 years of age, women,
and Muslims than among other groups. Vaccine was effica-
cious among those who received >4 doses. The proportion
of the population receiving boosters was low, especially
among Muslims. We recommend increasing booster dose
coverage.

iphtheria is a disease caused by the exotoxin pro-

duced by Corynebacterium diphtheriae. The Ex-
panded Programme of Immunization of the World Health
Organization recommends 3 doses of the diphtheria, per-
tussis, and tetanus (DPT) vaccine starting at 6 weeks of
age with additional doses of diphtheria vaccine in coun-
tries where resources permit (1). Many national immu-
nization programs, including the Universal Immunization
Programme of India, offer 2 booster doses at 18 months
and between 54 and 72 months of age. After 3 doses of
primary vaccine, protective levels of antitoxin develop in
94% to 100% of children (1,2). However, without booster
doses, over time toxoid-induced antibody drops below
protective levels (2,3).

In 2005, India contributed 5,826 (71%) of the 8,229
diphtheria cases reported globally (4). Of the total cases
from India, 4,161 (71%) were from the state of Andhra
Pradesh (5). Hyderabad, the state capital, contributed 663
(16%) of the total cases from the state (Government of
Andhra Pradesh, unpub. data). The administrative cover-
age of primary vaccination among children 12-23 months
of age (a performance indicator for Universal Immuniza-
tion Programme [UIP]) ranged from 98% to 100% in the
city from 1995 through 2006. We conducted a study to 1)
describe the epidemiology of diphtheria in terms of time,
place, and person; 2) estimate vaccine coverage; and 3) es-
timate diphtheria vaccine efficacy.

*National Institute of Epidemiology, Chennai, India; and tFever
Hospital, Hyderabad, India

DOI: 10.3201/eid1407.071167
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The Study

Diphtheria patients identified in Hyderabad and
neighboring districts are admitted to the Fever Hospital.
Case-patients undergo a smear examination of the char-
acteristic patch of thick gray membrane and samples are
cultured for C. diphtheriae. To describe the epidemiology
of diphtheria, we included cases defined as an acute fe-
brile infection with gray-white patch in pharynx, tonsils,
or fauces among residents of Hyderabad admitted to Fe-
ver Hospital during 2003—2006. We obtained data regard-
ing age, sex, religion, month and year of occurrence, and
circle (municipal administrative subdivision) of residence
from the medical records of 2,685 diphtheria case-patients
admitted during 2003-2006. Thirty-one case-patients
died (overall case-fatality rate 1.2%). Diphtheria occurred
throughout the year with lower incidences during July
and August (Figure). Annual incidence increased from
11/100,000 to 23/100,000 from 2003 through 2006 (y?
trend 152; p=0.00001). Median age of case-patients was
17 years (range 9 months—80 years). Attack rates were
lowest among infants, increased with age, and reached a
maximum among children 10—14 years of age. Rates were
higher among girls and women (Table 1). Of the 2,685
case-patients, 70% were Muslim, who had rates 3 times
higher than other communities. Circle-specific attack rates
ranged from 17/100,000 to 25/100,000 and were highest
in the first 4 circles of the city where a predominantly
Muslim population resided; this area accounted for 90%
of cases in 2003-2006. During 2006, 81% of the cases
were either smear or culture positive.

We surveyed the 7 circles of the city to estimate pri-
mary vaccination coverage among children 12-23 months
of age, fourth diphtheria dose (DPT) among those 18-36
months of age, and fifth diphtheria dose (DT) among chil-
dren 54-72 months of age, respectively. We selected a
stratified sample of 658 children in each age group. Criteria
for a completely vaccinated child were defined according
to the UIP vaccination schedule by age group.

Coverage for primary vaccination, fourth, and fifth
doses was 90% (95% confidence interval [CI] 89%—90%),

Incidence
_______ 3-month average

12-month average

Incidence/100,000

slelal 3]s alsloINTo sl s s]alslolNlo|sTelMlaha]s[alslolnlo] sTeiMallTafalslolnlo)
2003 2004 2005 2006

Figure. Incidence of diphtheria in Hyderabad, India, 2003—-2006.
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Diphtheria in Hyderabad, India

Table 1. Average yearly attack rate of diphtheria by age and sex, Hyderabad, India, 2003-2006

Demographic characteristics No. cases, 2003—2006

Average population, 2003-2006

Annual attack rate/100,000 population

Age, y
<1 8 81,050 2
2-4 116 240,450 12
5-9 455 415,673 27
10-14 530 455,426 29
15-19 431 450,408 24
20-44 1,054 1,583,569 17
>45 91 632,964 4
Sex
Male 1,153 1,983,960 15
Female 1,532 1,875,580 20
Religion
Non-Muslim 811 2,270,695 9
Muslim 1,874 1,588,845 29
Total 2,685 3,859,540 17

60% (95% CI 59%—60%), and 33% (95% CI 33%—34%),
respectively. Although coverage for primary vaccination
did not differ among Muslims and non-Muslims (cover-
age ratio 0.95, 95% CI, 0.90%—1.1%), coverage for fourth
and fifth doses was lower among Muslims (coverage ratios
0.86, 95% C1 0.75%—0.99% and 0.59, 95% CI 0.5%—0.8%,
respectively).

We compared laboratory-confirmed case-patients
<10 years of age who lived in Hyderabad with age- and
residence-matched controls. Information about educational
status of parents, monthly family income, religion, and
number of vaccine doses received was collected through
interviews of mothers or guardians. Vaccination status was
ascertained from vaccination cards or the mother’s history
when a card was not available. All exposures were included
in a stepwise conditional logistic regression by using Epi
Info (Centers for Disease Control and Prevention, Atlanta,
GA, USA). Vaccine efficacy (%) was calculated by using
the 1 — odds ratio formula (6). We included all children
in the analysis to estimate vaccine efficacy for the first 4
doses. However, to estimate the efficacy of 5 doses of diph-
theria vaccine, we restricted the analysis to children 5-10
years of age because the fifth dose of the vaccine is given
to children >4.5 years of age.

We included 123 case-patients in the case-control
study. Only 20 (16%) controls and 23 (19%) case-patients
had a vaccination card. The median age of case-patients
was 7 years and 50% were girls. Twenty-one children
(17%) were younger than 5 years of age. When adjusted for
religion, family income, and literacy status of parents, vac-
cine efficacy increased from 49% (95% CI 0%—80%) for 3
doses to 65% (95% CI 8%—87%) for 4 doses. Among chil-
dren >5 years of age, efficacy for 5 doses was 91% (95% CI
68%—98%) (Table 2).

Conclusions

Our results indicate that in Hyderabad, diphtheria
mainly affected children 5—19 years of age, girls and wom-
en, and the Muslim population. Receiving a fourth and fifth
doses of the vaccine was needed for protection against the
disease. Coverage of primary vaccination was adequate in
the city whereas, coverage for the boosters was low.

Low booster coverage, especially among Muslims,
might have influenced herd immunity and thereby contrib-
uted to higher attack rates among this community. This fac-
tor was likely an important reason for persistence of diph-
theria in Hyderabad. Similar phenomena were observed in
countries where diphtheria reemerged after successful con-

Table 2. Number of doses of diphtheria vaccine received by diphtheria case-patients and matched controls, Hyderabad, India, 2006*

No. doses Case-patients Controls Odds ratio Vaccine efficacy
received <6yofage >5yofage Total <6yofage >5yofage Total estimate estimate, % (95% Cl)
0 6 20 26 2 11 13 Reference Reference

1 0 7 7 1 2 3 1.4 (0.22-8.9) 0 (0-78)

2 2 6 8 0 2 2 2.1(0.37-12) 0 (0-63)

3 6 34 40 8 26 34 0.51 (0.20-1.3) 49 (0-80)

4t 7 27 34 10 30 40 0.35(0.13-92) 65 (8-87)

5% NA 8 8 NA 31 31 0.09 (0.02-0.33) 91§ (68-98)
*Conditional logistic regression taking into account vaccine doses, religion, family income, and parental literacy. Cl, confidence interval; NA, not
applicable.

ngoster at 18 mo of age.

iBooster at 5 y of age.

§Vaccine efficacy among children >5 y of age; younger children could not have received that booster.
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trol with vaccination (2,7). Several studies have reported
vaccine efficacies ranging from 95% to 98% for 3 doses
and from 90% to 99.9% for 5 doses (8,9). Two factors may
explain the lower efficacy observed in our study. First,
misclassification may have occurred when assessing vac-
cination status of children that mainly relied on a mother’s
recollection of the child’s history. Second, program quality
issues in vaccine supply or in cold-chain maintenance may
have affected efficacy in Hyderabad. However, an evalu-
ation of the universal immunization program conducted
in 2006 in Hyderabad did not identify any gaps in cold-
chain maintenance in the public health sector (Government
of Andhra Pradesh, unpub. data). Thus, we concluded that
misclassification with respect to assessment of vaccination
status (using only the mother’s recollection) probably ex-
plains the low vaccine efficacy that we observed.

Two factors could also explain the lower booster cov-
erage among Muslims: 1) issues concerning the offer of
vaccine by the health services or 2) issues concerning vac-
cine demand. However, primary vaccination coverage was
identical among Muslims and non-Muslims in Hyderabad.
This suggests that, initially, the demand for primary vacci-
nation was identical in all communities, but that the health
system was not able to retain the same demand for boosters
in the Muslim community.

Our study had 2 main limitations. First, we only in-
cluded patients admitted to Fever Hospital. Patients with
milder symptoms who might not have sought treatment at
the hospital were not considered. This situation may have
led to an underestimation of attack rates but would not
have led to different conclusions about the persistence of
the disease. Second, a large proportion of children did not
have vaccination cards, which may also have affected our
vaccine efficacy estimates. We tried to address this factor
by comparing vaccination status with the child’s develop-
mental milestones.

On the basis of our study results, we propose recom-
mendations for control of diphtheria in Hyderabad. First,
coverage for boosters must be improved, with special em-
phasis on the 4 administrative areas with high attack rates.
Such efforts should be conducted among the Muslim com-
munity in particular. Second, mothers must be made more
aware of the importance of booster doses. Again, these ef-
forts should focus on the Muslim community. Third, be-
cause attack rates were high among adolescents, tetanus
toxoid (administered to school children at 10-15 years of
age) could be replaced with a combined tetanus-diphtheria
vaccine. Fourth, coverage of boosters could be considered
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as performance indicators to improve the immunization
program.
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A total of 2,121 small mammals in California were as-
sessed for Anaplasma phagocytophilum from 2006 through
2008. Odds ratios were >1 for 4 sciurids species and dusky-
footed woodrats. High seroprevalence was observed in
northern sites. Ten tick species were identified. Heavily in-
fested rodent species included meadow voles, woodrats,
deer mice, and redwood chipmunks.

Anaplasma phagocytophilum is a tick-transmitted patho-
gen that causes granulocytic anaplasmosis in humans,
horses, and dogs (1-3). A. phagocytophilum is maintained in
rodent-Ixodes spp. tick cycles, including the western black-
legged tick (Indopacetus pacificus) in the western United
States (4). Transovarial transmission does not occur, and I.
pacificus feeds only 1 time per stage, so infection must be
acquired by a juvenile tick feeding on an infected mammal.
Suggested reservoirs in the West include the dusky-footed
woodrat (Neotoma fuscipes), for which chronic infection
has been observed, and the western gray squirrel (Sciurus
griseus), which are frequently infected in nature (5,6). The
northern coast range and Sierra Nevada foothills of Califor-
nia (4,7), where abundant rodents include deer mice (Pero-
myscus spp.), woodrats, and chipmunks (Tamias spp.), have
moderate to high levels of granulocytic anaplasmosis. We
sought to evaluate granulocytic anaplasmosis exposure and
infection and describe the Ixodes spp. tick fauna in small
mammals from central and northern coastal California.

The Study
Small mammals were caught in live traps (HB Sher-
man, Tallahassee, FL, USA, and Tomahawk Live Trap,
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Tomahawk, WI, USA) at 9 sites or collected as carcasses
on roads (online Technical Appendix, available from www.
cdc.gov/EID/content/14/7/1147-Techapp.pdf) from 2006
to 2008. Traps were set at locations of observed active
rodent use or dens and baited with peanut butter and oats
or corn, oats, and barley. Rodents were anesthetized with
ketamine and xylazine delivered subcutaneously, exam-
ined for ectoparasites, and bled by retro-orbital abrasion or
femoral venipuncture. The blood was anticoagulated with
EDTA. Shrew (Sorex spp.) carcasses were retrieved when
found in traps, kept cold, and then sampled in the labo-
ratory. Live shrews were examined for ticks but released
without further processing. All carcasses were identified to
species, age, and sex; examined for ectoparasites; and then
dissected for coagulated heart blood and spleen. Ectopara-
sites were preserved in 70% ethanol for identification. Data
were included for animals from 3 previous studies (5,8,9).

Plasma anti-A. phagocytophilum immunoglobu-
lin G (Ig) was assayed by an indirect immunofluorescent
antibody assay (3), by using A. phagocytophilum—in-
fected HL-60 cells as substrate and fluorescein isothio-
cyanate—labeled goat anti-rat heavy and light chain IgG
(Kirkegaard and Perry, Gaithersburg, MD, USA). This as-
say does not distinguish exposure to A. phagocytophilum
from A. platys, but the PCR was specific for A. phagocyto-
philum. PCR was performed for all flying (Glaucomys sa-
brinus), Douglas (Tamiasciuris douglasii), and gray squir-
rels; all chipmunks from Santa Cruz and Marin Counties;
a random subset of chipmunks from Humboldt Redwoods
State Park and Hendy Woods State Park; and a random
subset of individual mammals of other species. DNA was
extracted from whole blood by using a kit (DNeasy Tissue
kit, QIAGEN, Valencia, CA, USA), and real-time PCR was
performed as described previously (5).

Data were analyzed with “R” (www.r-project.org),
with a cutoff for statistical significance of p = 0.05. Dif-
ferences in seroprevalence among small mammal species
and between sexes were assessed by x* test. Individual
small mammals’ risk for A. phagocytophilum exposure and
infection were assessed as a function of sex, species, and
location by calculating odds ratios (OR) and 95% confi-
dence intervals (CI). Multivariate logistic regression was
performed to evaluate seropositivity as a function of site,
host species, and interactions to evaluate possible interac-
tion and confounding between the variables.

A total of 2,121 small mammals, including 2,100 ro-
dents, 20 shrews, and 1 lagomorph, were evaluated for
exposure to and infection with A. phagocytophilum and
infestation with Ixodes spp. ticks (Table 1). The overall
seroprevalence was 15.2% (95% CI 13.6-16.9). Highest
values and ORs >1 occurred in dusky-footed woodrats,
tree squirrels, and some chipmunk species (Table 1; online
Technical Appendix). The PCR prevalence among rodents
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Table 1. Seroprevalence and PCR prevalence of Anaplasma phagocytophilum among small mammal species, northern and central

coastal California*

A. phagocytophilum IFA

A. phagocytophilum msp2 PCR

Mammal species Seropositive  Seroprevalence 95% CI PCR positive  PCR prevalence 95% CI
Clethrionomys californicus 1 12.50 0.6-53.3 0 0 0-53.7
Glaucomys sabrinus 2 14.29 2.5-43.9 1 16.7 0.8-63.5
Mus musculus 0 0.00 0-25.3 0 0 0-34.4
Microtus californicus 2 5.88 1.0-21.1 0 0 0-17.8
Neotoma cinerea 0 0.00 0-94.5 0 0 0-94.5
N. fuscipes 167 50.15 44.7-55.6 8 4.3 2.0-8.6
N. macrotis 2 3.03 5.3-11.5 1 1.8 0.09-10.6
All Neotoma 169 42.25 37.4-47.3 9 3.7 1.8-7.1
Peromyscus boylii 3 8.82 2.3-24.8 1 4.0 0.2-22.3
P. californicus 2 0.67 0.1-2.7 0 0 0-3.8
P. maniculatus 18 3.46 2.1-5.5 0 0 0-6.6
P. truei 1 2.56 0.1-15.1 NT

Peromyscus spp. 0 0.00 0-53.7 NT

All Peromyscus 24 2.68 1.8-4.0 1 0.45 0.02-2.9
Rattus rattus 0 0.00 0-37 0 0 0-37.1
Reithrodontomys megalotis 0 0.00 0-17.2 1 6.3 0.3-32.3
Spermophilus beecheyi 0 0.00 0-4.2 0 0 0-20.0
S. lateralis 2 22.22 3.9-59.9 NT

Sciurus carolinensis 11 57.89 34.0-78.9 3 18.8 5.0-46.3
S. griseus 34 70.83 55.7-82.6 6 15.8 6.6-31.9
S. niger 1 100.00 55.0-100.0 0 0 0-94.5
All Sciurus 46 47.83 33.1-62.9 9 16.4 8.2-29.3
Sorex spp. 0 0.00 0-37.0 0 0 0-94.5
Sylvilagus bachmani 0 0.00 0-94.5 NT

Tamias amoenus 6 6.82 2.8-14.8 NT

T. merriami 0 0.00 0-48.3 0 0 0-40.2
T. minimus 0 0.00 0-4.9 NT

T. senex 5 4.81 1.8-11.4 NT

T. speciosus 4 33.33 11.3-64.6 NT

T. sonomae 1 14.29 0.7-58.0 2 50.0 15.0-85.0
T. ochrogenys 30 27.52 19.6-37.0 2 6.9 1.2-24.2
Tamias spp. 2 8.33 1.5-28.5 NT

All Tamias 48 13.45 10.2-17.5 4 34.0 3.2-24.1
Tamiasciurus douglasii 6 40.00 17.5-67.1 0 0 0-60.4
Total 300 15.24 13.7-16.9 33 3.8 2.9-5.3

*IFA, immunofluorescence assay; Cl, confidence interval; NT, not tested.

tested was 3.8% (N = 652, 95% CI 2.9-5.3); highest values
were reported in tree squirrels and some chipmunk species
(Table 1). Although deer mice have been reported to be
exposed to A. phagocytophilum (10,11), we found little
evidence of this in our study. Woodrats at northern sites
tended to be infected, while sciurids (excluding ground
squirrels) showed high rates of exposure at multiple sites,
consistent with previous reports (5). A total of 60% of east-
ern gray squirrels from Connecticut were seropositive with
reservoir competence documented by producing PCR-pos-
itive ticks after feeding on infected squirrels (12). A PCR-
positive eastern chipmunk (Tamias striatus) was reported
from Minnesota (13).

Location was an important determinant of exposure
to infection, with high seroprevalence in the Hoopa Valley
Indian Reservation and Hendy Woods State Park (Table 2).
ORs significantly <1 were observed for Samuel P. Taylor
State Park and the Morro Bay area, and 5 sites in the far
northern coast range and Quincy in the Sierra Nevada had
ORs >1 (online Technical Appendix). Statistical analy-
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sis failed to document a significant interaction between
site and host species, but confounding was apparent, with
overrepresentation of gray squirrels and woodrats in some
high prevalence sites (online Technical Appendix). PCR
prevalence was high at Sutter Buttes State Park and Sis-
kiyou County (both with low sample size) and Big Basin
State Park and Hendy Woods State Park, each 12% (Table
2). Results are consistent with prior reports for horses and
dogs (4). Previous spatial analysis documented increased
A. phagocytophilum risk in redwood, montane hardwood,
and blue oak/foothill pine habitats (14). In our dataset, ob-
vious habitat differences would not account for differences
in disease exposure, given the presence of live oak, tanoak,
redwood, and Douglas fir at many sites. Further ecologic
studies to identify differing ecologic factors among these
sites would be useful.

Tick species observed in our study sites include pos-
sible enzootic vectors and several human-biting species,
including I. pacificus and I. angustus (online Technical
Appendix). Host species from which relatively large col-
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A. phagocytophilum in Small Mammals, United States

Table 2. Regional seroprevelance and PCR prevalence rates for exposure to Anaplasma phagocytophilum in small mammals in

various sites, northern and central California®

A. phagocytophilum IFA

A. phagocytophilum msp2 PCR

Site Seropositive  Seroprevalence 95% ClI PCR positive  PCR prevalence 95% ClI
Big Basin State Park 16 6.30 3.76-10.22 5 12.20 4.58-27.00
Humboldt Redwoods State Park 24 16.90 11.33-24.31 2 6.06 1.06-21.62
Hoopa Valley Indian Reservation 173 36.19 31.91-40.70 6 4.14 1.69-9.18
Hendy Woods State Park 43 22.51 16.93-29.22 5 12.19 4.58-27.00
King Range National 1 3.45 0.18-19.63 0 0.00 0.00-80.21
Conservation Area

Mendocino County (roadside 0 0.00 0.00-94.53 0 0.00 0.00-94.54
only)

Morro Bay regional communities 1.23 0.45-3.01 0.67 0.12-2.65
Placerville City region (roadside 1 1.00 5.46-1.00 1 1.00 5.46-1.00
only)

Quincy City region (roadside 2 50.00 15.00-84.99 0 0.00 0.00-60.42
only)

Sutter Buttes State Park 3 7.50 1.96-21.48 1 50.00 9.45-90.55
Sagehen Research Station 17 7.69 4.68-12.24 0 0.00 0.00-60.42
Siskiyou County (roadside only) 3 1.00 30.99-1.00 1 33.33 1.76-87.47
Sonoma 1 1.00 5.46-1.00 0 0.00 0.00-94.54
Samuel P. Taylor State Park 3 1.75 0.42-5.45 2 4.26 0.74-15.73
Trinity County (roadside only) 2 40.00 7.26-82.96 0 0.00 0.00-53.71
Sacramento River Valley 3 1.00 30.99-1.00 0 0.00 0.00-69.00
(roadside only)

Willow Creek Town (roadside 3 0.30 8.09-64.63 0 0.00 0.00-60.42
only)

Yolo County 1 6.67 0.35-33.97 0 0.00 0.00-25.35

*IFA, immunofluorescence assay; Cl, confidence interval.

lections were obtained included meadow voles, woodrats,
deer mice, tree squirrels, and redwood chipmunks (T.
ochrogenys). Tick diversity was highest on redwood chip-
munks and in more northerly sites (online Technical Ap-
pendix). I. angustus, primarily a nidicolous tick of rodents
but occasionally bites humans and is a competent vector for
Borrelia burgdorferi sensu stricto (15), occurred on most
rodent species. |. spinipalpis, which occurred on woodrats,
deer mice, squirrels, and chipmunks, functions as a prima-
ry vector for B. bissettii in a woodrat enzootic cycle (16),
and Neotoma mexicana and . spinipalpis have an enzootic
cycle in Colorado for A. phagocytophilum.

Conclusions

We show that a strong distinction can be made in pos-
sible reservoir capacity among rodent species, with many,
such as deer mice and voles, only contributing to the ecol-
ogy of granulocytic anaplasmosis through their support
of ticks but not A. phagocytophilum infection. Others, in-
cluding tree squirrels and woodrats, are frequently infect-
ed, in addition to supporting ticks. Considerable similari-
ties exist between the ecology of A. phagocytophilum and
B. burgdorferi in the West, although the large diversity
of genospecies that exists for B. burgdorferi has not been
reported for A. phagocytophilum. These data provide a
starting point for future work to clarify the reservoir com-
petence of small mammals for A. phagocytophilum and to
determine how ecologic interactions among small mam-
mals, other vertebrate hosts, multiple possible vectors,
and both B. burgdorferi and A. phagocytophilum could
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affect the enzootic persistence of these pathogens and risk
to humans and animals.
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Risk for Avian
Influenza Virus
Exposure at
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Interface
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To assess risk for human exposure to avian influenza
viruses (AlV), we sampled California wild birds and ma-
rine mammals during October 2005-August 2007and es-
timated human—wildlife contact. Waterfowl hunters were 8
times more likely to have contact with AlV-infected wildlife
than were persons with casual or occupational exposures
(p<0.0001).

he emergence of highly pathogenic avian influenza

virus (AIV) (H5N1) in domestic poultry in Asia with
spillover infections in humans has raised concerns about
the potential for a human pandemic (1). Although subtype
H5N1 is the most well-known infecting strain, evidence of
direct bird-to-human transmission has been documented
for several other AIV subtypes (2).

Little is known about the types of exposure that re-
sult in human infections, especially with AIV being trans-
mitted from wild birds and animals because only a few
cases of transmission to humans have been documented
(3-5). Overall, the types of exposures associated with
the transmission of AIV to humans have been ingestion,
inhalation of aerosolized virus, or direct contact through
mucous membranes (2,4). The probability of infection with
AIV varies with the activity and depends on the contact
type (duration and route) and dose. Contacts for the gen-
eral public are likely short and indirect, often occurring
through outdoor activities, such as hiking, picnicking, or
feeding birds. Contact for waterfowl hunters is especially
intense and direct during bird-cleaning activities. Biolo-
gists and workers at wildlife hospitals have frequent and
direct contact with wild birds and mammals. Biologists trap
apparently healthy free-ranging animals and perform field
necropsies, and rehabilitation workers handle sick and in-
jured wild animals. In this study, we tested wild birds and
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marine mammals for AIV to determine the exposure risks
associated with specific casual, recreational, and occupa-
tional activities that result in contact with wildlife.

The Study

Human risk categories were created based on a typical
contact type with wildlife: 1) casual (the general public),
2) recreational (waterfowl hunters), and 3) occupational
(wildlife biologists, wildlife hospital workers, and vet-
erinarians). Frequency of contact with AIV was estimated
for each risk group by evaluating the prevalence of AIV
among animals sampled opportunistically in each category.
Surveillance for AIV was conducted from October 2005
through August 2007.

For casual contact, wild bird species (mostly periur-
ban passerines such as sparrows, finches, and crows) were
sampled to reflect typical daily exposures for the public
(Figure). For recreational contact, birds were assessed by
sampling hunter-killed waterfowl (mostly mallards, north-
ern shovelers, gadwalls, green-winged teals, northern
pintails, and American widgeons) at check stations in the
Sacramento National Wildlife Refuge. For occupational
contact, wild birds (seabirds, wading birds, waterfowl,
raptors, and passerines) and marine mammals (seals and
sea lions) admitted to 3 northern California wildlife hospi-
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Figure. Map of California displaying sample collection sites for
avian influenza testing, fall 2005—summer 2007. The casual risk
category is represented by a square, recreational risk category
by a star, and occupational risk category by a circle. Counties are
abbreviated as follows: CC, Contra Costa; GLE, Glenn; KER, Kern;
LA, Los Angeles; MRN, Marin; ORA, Orange; RIV, Riverside; SAC,
Sacramento; SOL, Solano; YOL, Yolo.
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tals were sampled. Cloacal samples were taken from birds
and nasal and rectal samples from marine mammals with
rayon-tipped swabs (MicroPur; PurFybr, Inc., Munster, IN,
USA). Birds in recovery also had oropharyngeal samples
taken. Swab samples were placed in viral transport media,
transported within 24 hours from the site of collection to
the University of California, Davis, in a cooler with ice
packs and then transferred to a—70°C freezer for storage. A
total of 9,157 samples were tested for AIV. Of these, 2,346
were screened by virus isolation in embryonating chicken
eggs (6,7), and 6,811 were screened by real-time reverse
transcription—PCR (RT-PCR) (7). All positive samples
were tested for Eurasian H5 viruses (8).

The prevalence of AIV in each group was low (range
0.1%-0.9%) (Table), and no samples were positive for Eur-
asian HS5. We found that risk of contact with AIV-infect-
ed wildlife was 8 times higher for the recreational group
compared to either the occupational or the casual group
(p<0.0001; Epilnfo, Centers for Disease Control and Pre-
vention, Atlanta, GA, USA).

Conclusions

We did not detect AIV (H5N1) in California during Oc-
tober 2005—August 2007 nor did other surveillance efforts
in the United States (9). We did detect other AIVs, although
at a low prevalence (<1%). The prevalence of AIV in Cali-
fornia wildlife was substantially lower than the prevalence
reported in Alaskan wildlife in the same flyway (10). AIV
prevalence may decrease with latitude (11), or this opportu-
nistic sample design may have resulted in testing of species
with a natural low prevalence. Although overall prevalence
was low, it was highest in the recreational category and,
coupled with the directness and intensity of the contacts es-
pecially during bird cleaning, this group would be expected
to have the highest risk for infection. However, emergence
or introduction of a virus that causes disease in wild birds
or animals would likely result in a disproportional shift in
prevalence of infection in wildlife brought to rehabilitation
hospitals, thus making occupational contact more risky. As
arecent example, | stork and 2 buzzards that were infected
with AIV (H5N1) were brought to a wildlife hospital in
Poland, which potentially exposed staft (12).

Novel transmission pathways are possible in places
like wildlife hospitals because wild species that do not meet
in nature are brought into close and extended contact with
each other and humans. For example, marine mammals are

susceptible to infection with AIV (4) and human influenza
viruses (13) and have been documented as intermediate
hosts (4). Other species may also be intermediate hosts for
AlV, although they have not been identified. Those work-
ing in wildlife occupations should be encouraged to wear
personal protective equipment when handling wildlife be-
cause of the types of contacts they can have and the poten-
tial for viruses to emerge in this setting. Similarly, personal
protection should be recommended for waterfowl hunters
because of the relatively higher prevalence of AIV in the
birds with which they have contact.

We assessed the risk for human exposure to AIV by
opportunistically sampling wildlife at the human—wild ani-
mal interface. A better measure of human risk would be to
directly assess human exposure by testing for antibodies to
all AIV subtypes that could occur in nature. Although it is
not practical to simultaneously test for 144 virus subtypes,
2 serologic studies of persons exposed to wildlife showed
antibodies to a limited number of AIVs (3,14). Since these
exposures did not cause discernable illness, diagnosis based
on clinical signs would likely underestimate infection.

Although our methods enabled us to compare exposure
risk among different groups, the testing methods we used
likely did not estimate the true AIV prevalence in wildlife.
The real-time RT-PCR used in this study and in national
surveillance efforts (7) has not been validated in wildlife
(10), nor has virus isolation in embryonating chicken eggs,
and it may be that neither method is perfect in detecting
AlV in species that are only distantly related to chickens
(15). Improved diagnostic methods are needed to assess
AlV infections in wildlife species, and close monitoring
of persons with the highest level of exposure to AIV is a
necessary component of an early warning system to detect
transmission from animals to humans.
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Exposure risk group No. positive (%) No. tested Species (no. positive)
Casual 8(0.2) 4,757 Finch (3), sparrow (2), cowbird (1), quail (2)
Recreational 20 (0.9) 2,346 Duck (19), goose (1)
Occupational 2(0.1) 2,054 Seabird (1), egret (1)
Total 30 (0.3) 9,157

1152 Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 14, No. 7, July 2008



Center); William Reisen (UC Davis Center for Vectorborne Dis-
eases); Robert Cummings (Orange County Mosquito and Vector
Control District); Stan Wright (Sacramento/Yolo Mosquito and
Vector Control District); and Terra Kelly and Julie Nelson (UC
Davis Wildlife Health Center). In addition, we thank the Sacra-
mento National Wildlife Refuge and California Department of
Fish and Game for assistance with logistics and obtaining samples
at the refuge.

Support for this project was provided by the Avian Influenza
Coordinated Agricultural Project (US Department of Agriculture/
Cooperative State Research, Education, and Extension Service
grant 2005-35605-15388), “The Prevention and Control of Avian
Influenza in the United States,” the National Institute of Allergy
and Infectious Diseases, National Institutes of Health, the Depart-
ment of Health and Human Services (contract no. HHSN2662007
00009C), the Resource Assessment Program of the California De-
partment of Fish and Game, and the Edward E. Hills Foundation.

Dr Siembieda is a veterinarian and a graduate researcher in
epidemiology at the Wildlife Health Center of the University of
California in Davis. Her primary research interests include the
epidemiology and ecology of zoonotic pathogens at the human—
wildlife interface, namely avian influenza and enteric, bacterial,
and protozoal pathogens.

References

1. Capua I, Marangon S. Control of avian influenza in poultry. Emerg
Infect Dis. 2006;12:1319-24.

2. Sandrock C, Kelly T. Clinical review: update of avian influenza A in-
fections in humans. Crit Care. 2007;11:209. DOI: 10.1186/cc5675

3. Gill JS, Webby R, Gilchrist MJ, Gray GC. Avian influenza among
waterfowl hunters and wildlife professionals. Emerg Infect Dis.
2006;12:1284—6.

4. Webster RG, Geraci J, Petursson G, Skirnisson K. Conjunctivitis in
human beings caused by influenza A virus of seals. N Engl J Med.
1981;304:911.

5. World Health Organization. Outbreak news. Avian influenza, Azer-
baijan. Wkly Epidemiol Rec. 2006;81:183-8.

Avian Influenza Virus Exposure

6. Swayne DE, Senne DA, Beard CW. Avian influenza. In: Swayne DE,
Glisson FR, Jackwood MW, Pearson JE, Reed WM, Reed WM, edi-
tors. Laboratory manual for the isolation and identification of avian
pathogens. Kennett Square (PA): American Association of Avian Pa-
thologists; 1998. p. 150-5.

7. Spackman E, Senne DA, Bulaga LL, Myers TJ, Perdue ML, Gar-
ber LP, et al. Development of real-time RT-PCR for the detection
of avian influenza virus. Avian Dis. 2003;47(Suppl):1079-82. DOI:
10.1637/6091

8. Spackman E, Senne DA, Myers TJ, Bulaga LL, Garber LP, Perdue
ML, et al. Development of a real-time reverse transcriptase PCR as-
say for type A influenza virus and the avian H5 and H7 hemagglu-
tinin subtypes. J Clin Microbiol. 2002;40:3256-60. DOI: 10.1128/
JCM.40.9.3256-3260.2002

9. US Geological Survey National Wildlife Health Center. Highly
pathogenic avian influenza early detection data system [cited 2007
Nov 17]. Available from http://wildlifedisease.nbii.gov/ai/index.jsp

10. Runstadler JA, Happ GM, Slemons RD, Sheng ZM, Gundlach N,
Petrula M, et al. Using RRT-PCR analysis and virus isolation to de-
termine the prevalence of avian influenza virus infections in ducks at
Minto Flats State Game Refuge, Alaska, during August 2005. Arch
Virol. 2007;152:1901-10. DOI: 10.1007/s00705-007-0994-1

11. Stallknecht DE, Shane SM. Host range of avian influenza virus in
free-living birds. Vet Res Commun. 1988;12:125-41. DOI: 10.1007/
BF00362792

12.  ProMED. H5NI bird flu found at 5th site in Poland. 2007 [cited
2008 Jan 3]. Available from http://www.promedmail.org/pls/otn/f
7p=2400:1202:1477266451936125:NO:F2400_P1202_CHECK _
DISPLAY,F2400_P1202_ PUB_MAIL ID:X,40433

13.  Ohishi K, Ninomiya A, Kida H, Park CH, Maruyama T, Arai T, et
al. Serological evidence of transmission of human influenza A and
B viruses to Caspian seals (Phoca caspica). Microbiol Immunol.
2002;46:639-44.

14.  Myers KP, Setterquist SF, Capuano AW, Gray GC. Infection due to
3 avian influenza subtypes in United States veterinarians. Clin Infect
Dis. 2007;45:4-9. DOI: 10.1086/518579

15. Capua I, Mutinelli F, Hablovarid MH. Avian embryo susceptibility
to Italian H7N1 avian influenza viruses belonging to different genet-
ic lineages. Arch Virol. 2002;147:1611-21. DOI: 10.1007/s00705-
002-0837-z

Address for correspondence: Carol Cardona, Extension, Surge III, Rm
1383, School of Veterinary Medicine, University of California, Davis, CA
95616, USA; email: cjcardona@ucdavis.edu

EMERGING INFECTIOUS D ( !E“ {Z!Q
www.cdc.gov/eild

To receive tables of contents of new issues send an email to listserve @cdc.gov with subscribe eid-toc in the body of your message.

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 14, No. 7, July 2008

1153



DISPATCHES

Optimizing Use
of Multistream
Influenza Sentinel
Surveillance Data

Eric H. Y. Lau,* Benjamin J. Cowling,*
Lai-Ming Ho,* and Gabriel M. Leung*

We applied time-series methods to multivariate sentinel
surveillance data recorded in Hong Kong during 1998—-2007.
Our study demonstrates that simultaneous monitoring of
multiple streams of influenza surveillance data can improve
the accuracy and timeliness of alerts compared with moni-
toring of aggregate data or of any single stream alone.

he use of separate data streams based on sentinel sur-

veillance has long been an accepted approach to moni-
tor community incidence and to enable timely detection of
infectious disease outbreaks (1,2). Recently, more attention
has been given to the combined analysis of multivariate
sentinel data (3-5).

In this study we explored the possibility of improving
the ability to more quickly detect peak periods of influenza
activity in Hong Kong through simultaneous monitoring of
multiple streams of sentinel surveillance data. Our findings
have general implications in the choice of surveillance al-
gorithms where multistream data are available.

The Study

The local Department of Health publishes weekly re-
ports (6) from a network of 50 private-sector sentinel gen-
eral practitioners (GP) and 62 public-sector sentinel gen-
eral outpatient clinics (GOPC) on the proportion of patients
seeking treatment for influenza-like illness (ILI), defined as
fever plus cough or sore throat (7). In this study, we used
the GP and GOPC sentinel surveillance data in 9 annual
influenza seasons from 1998-1999 to 20062007, stratified
by 4 geographic regions in Hong Kong—Hong Kong Is-
land, Kowloon, New Territories East, and New Territories
West—resulting in 8 separate data streams (Figure).

Each month a median of 1,555 specimens (interquartile
range 1,140-2,740), primarily from hospitals, were sent to
the Government Virus Unit of the Department of Health
(7). We calculated the highest proportion of positive influ-
enza isolations each season, and used these laboratory data
to define the onset of each peak activity period when the

*University of Hong Kong, Hong Kong Special Administrative Re-
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proportion of positive influenza A or B isolates exceeded
30% of the maximum seasonal level (7).

Dynamic linear models (8) were used to generate alerts
(online Technical Appendix, available from www.cdc.gov/
EID/content/13/7/1154-Techapp.pdf). We determined that
an aberration had occurred when the current observation fell
outside a forecast interval generated by the model. For meth-
ods based on monitoring of single data streams only, an ab-
erration triggers an alert. For simultaneous monitoring of all
8 data streams, we monitored separate aberrations as above
and generated alerts based on the first occurrence of any
aberration (M1), 2 simultaneous aberrations (M2), the first
occurrence of 3 simultaneous aberrations (M3), any 2 aber-
rations within a 2-week period (M4), and any 3 aberrations
within a 2-week period (M9). In the multistream analyses,
we compared alerts produced by univariate models, which
effectively assumed independence between the data streams,
and multivariate models, which allowed for correlation be-
tween the data streams (online Technical Appendix).

Alerts were compared in terms of their sensitivity,
specificity, and timeliness in detecting the onset of peak
levels of influenza activity (9). We combined these metrics
and estimated the area under the weighted receiver operat-
ing characteristic curve (AUWROC) as an overall measure
of performance (10). The Table shows the highest AU-
WROC, for each method, from a predefined selection of
parameter combinations and the sensitivity and timeliness
at a fixed specificity of 95%. On the basis of aggregated
data, we determined that alerts generated from the GOPC
network achieved a higher AUWROC and better timeli-
ness than those from the GP network. However, the best
AUWROC from each of the data streams was produced by
the GP New Territories East data, which outperformed the
aggregate GP data. Conversely, for GOPC data, the perfor-
mance of aggregate data was superior to that of any single
data stream.

The Table also shows simultaneous monitoring re-
sults for all 8 geographic data streams from both GPs and
GOPCs. For the univariate (independent) models for each
data stream, methods based on simultaneous alerts perform
well. The optimal methods were M2 and M3 with AU-
WROC of 0.89 and 0.90 and timeliness of 1.22 and 1.47
weeks, respectively, for a fixed specificity of 0.95. In gen-
eral, univariate models performed better than multivariate
models. Empirical correlation derived from one of the fit-
ted multivariate models is shown in the online Technical
Appendix; correlation structures under other models were
similar (data not shown).

Results were insensitive to the choice of parameters
(online Technical Appendix). The results also held when
we varied the definition of the start of peak influenza activ-
ity between 10% and 50% of peak seasonal levels (online
Technical Appendix).
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Figure. Nine annual cycles
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Conclusions

A primary objective of sentinel surveillance is to pro-
vide sensitive, specific, and timely alerts at the beginning
of increased disease activity (11). We evaluated the perfor-
mance of multistream sentinel surveillance of ILI in detect-
ing the onset of peak influenza activity.

Splitting sentinel data into separate geographic-based
streams and monitoring all § streams for 2 or 3 simultane-
ous aberrations provided substantial improvements in AU-
WROC and also in timeliness for a fixed specificity when
compared with monitoring aggregated data or any single
data stream. We also used multivariate models with vari-
ous alternative correlation structures between data streams,
but use of these more complex models did not appear to
improve performance (Table), possibly because correlation
between streams vary year to year; the multivariate model
is based on constant correlations (online Technical Appen-
dix). It is possible that other complex multivariate mod-
els may allow even greater improvement in performance;
however, simultaneous monitoring of data streams may be
more practical because univariate models may be applied
in a spreadsheet (7).

Although the relative performance of GP and GOPC
sentinels may not be directly generalizable to other settings
with differences in infectious disease dynamics and health-
care systems, the implications for data collection are never-
theless relevant. Inclusion of data streams should be based
on their value to the overall surveillance system, rather
than independent performance. For example, simultaneous
monitoring of data streams where some have lower speci-
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ficity and others have higher specificity could still improve
overall timeliness.

Specifically regarding Hong Kong, it is unclear why
alerts from the private GP network have better timeliness
than those from the public GOPC network. Although we
note that both networks have different catchment popula-
tions, the GOPC network typically serves elderly and lower
income groups (12), whereas influenza would be more like-
ly to affect children at the start of the influenza season (13).
Differences between geographic regions could be real, when
disease progresses from 1 region to another (14); however,
this circumstance is unlikely in Hong Kong, an area of only
1,000 km?, where a high degree of mixing occurs among a
population of 7 million persons. Geographic heterogeneity
could also be explained by differential socioeconomics and
demographics between different regions, associated differ-
ences in access to healthcare and health-seeking behavior
issues, or small area variations in reporting behavior among
the sentinel practices.

A potential caveat of our analysis is the small number
of annual cycles of sentinel data available for study. How-
ever, until recently, few subtropical or tropical regions had
begun influenza sentinel surveillance. Another limitation is
the absence of a generally agreed-upon standard in defining
a peak influenza season. In our analysis, the start of peak
activity was defined as laboratory isolation rates exceed-
ing 30% of the annual level; however, we found that our
results were not sensitive to other reasonable thresholds.
In addition, we compared methods with only a few chosen
parameter combinations; sensitivity analyses showed that
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Table. Performance of alerts generated by individual monitoring of aggregate data and separate data streams, and simultaneous
monitoring of multiple data streams by using univariate and multivariate time series models, Hong Kong, 1998—-2007*

Univariate models

Multivariate modelst

Data AUWROC  Sensitivityt  Timeliness, wkf AUWROC Sensitivityt  Timeliness, wk}
Aggregated data
GP 0.78 1.00 2.41 - - -
GOPC 0.86 1.00 1.50 - - -
Single stream
GP
HK 0.75 1.00 2.36 0.73 0.87 2.64
KL 0.66 1.00 2.71 0.62 0.88 3.06
NTE 0.89 1.00 2.00 0.76 0.90 2.04
NTW 0.80 1.00 2.07 0.80 0.91 2.24
GOPC
HK 0.79 1.00 2.21 0.71 0.89 2.42
KL 0.78 1.00 2.46 0.62 0.96 3.15
NTE 0.79 0.95 2.22 0.79 0.96 2.26
NTW 0.73 1.00 2.55 0.72 1.00 2.52
Multiple streams
M1: First aberration 0.84 1.00 1.57 0.86 1.00 1.66
M2: 2 simultaneous aberrations 0.89 1.00 1.22 0.82 1.00 1.77
M3: 3 simultaneous aberrations 0.90 1.00 1.47 0.80 1.00 1.70
M4: Any 2 aberrations in 2 wk 0.81 1.00 2.63 0.72 1.00 2.43
M5: Any 2 aberrations in 2 wk 0.83 1.00 2.44 0.77 1.00 2.1

*AUWROC, area under the weighted receiver operating characteristic curve; GP, general practitioner; GOPC, general outpatient clinic; HK, Hong Kong

Island; KL, Kowloon; NTE, New Territories East; NTW, New Territories West.

tSee online Technical Appendix (available from www.cdc.gov/EID/content/14/7/1154-Techapp.pdf) for more detailed description of the multivariate

model.
1At a fixed specificity of 0.95.

the results were not sensitive to the smoothing parameter or
the specification of correlations between streams. Finally,
alerts generated by other more complicated combinations
of aberrations might provide further enhancements. How-
ever, the value of simultaneously monitoring separate data
streams (15) has already been demonstrated by the simple
combinations chosen here.
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LETTERS

Mycobacterium
bohemicum and
Cervical
Lymphadenitis
in Children

To the Editor: Members of the
genus Mycobacterium are well-es-
tablished causes of granulomatous
lymphadenitis in children. M. bohe-
micum was first described in 1998 in a
patient with Down syndrome (1). The
organism is characterized by a unique
16S rRNA gene sequence (1) and has
been isolated from humans, animals,
and the environment (2). Published
data on M. bohemicum are limited to
the original species description and 5
additional case reports (3-6).

We report on 4 cases of cervical
lymphadenitis caused by M. bohemic-
um that occurred in 4 children (2 boys,
2 girls) from Austria during 2002—
2006. Age range of the children was
2.5-3.5 years (Table). Each child was
admitted to the hospital with a history
of 2-3 weeks of submandibular swell-
ing that did not respond to oral antimi-
crobial therapy.

Physical examination showed
enlarged cervical lymph nodes under
normal skin. Laboratory evaluation
showed leukocyte and differential
counts within normal limits and a neg-
ative result (<2 mg/L) for C-reactive
protein. Ultrasonography demonstrat-
ed enlarged lymph nodes with hetero-
geneous echo and a central lacuna-like
lesion.

Lymph nodes were excised from
each patient. Histologic examination
of the nodes demonstrated granuloma-
tous and partly necrotizing inflamma-
tion (Table). PCR results for M. tuber-
culosis complex were negative. For
3 patients, the affected lymph nodes
were completely removed and no an-
timicrobial therapy was prescribed.
For the other patient, removal of the
affected lymph node was incomplete,
and clarithromycin and rifampicin for
3 months were prescribed. All patients
remained healthy for >12 months after
therapy.

From all patients, parts of the
excised lymph nodes were directly
used for acid-fast smear and culture
for mycobacteria. All specimens were
processed according to national guide-
lines (the German Institute for Stan-
dardization [DIN], Diagnostics for
Tuberculosis DIN 58943-3, Cultural
Methods for Isolation of Mycobacte-
ria, Berlin: Beuth; 1996.)

Slides for microscopic exami-
nation were prepared directly from
minced lymph nodes before decontam-
ination, and the tissue was stained ac-
cording to the Ziehl-Neelsen technique.
Each sample was decontaminated, ho-
mogenized, and concentrated by using
the N-acetyl-L-cysteine-sodium hy-
droxide method. Samples were spread
onto solid slants (Lowenstein-Jensen,
Stonebrink; National Reference Center
for Mycobacteria, Borstel, Germany)
and inoculated into BACTEC Myco-
bacteria growth indicator tubes (MGIT
960; Becton Dickinson and Company,
Cockeysville, MD, USA). Solid slants

were incubated at 31°C and 37°C for 8
weeks and inspected for growth week-
ly. MGITs were incubated in and auto-
matically read with a BACTEC MGIT
instrument.

Results of nucleic acid amplifica-
tion for M. tuberculosis complex by
using the BD ProbeTec system (Bec-
ton Dickinson and Company) as well
as the amplification of DNA coding
for the mycobacterial 16S rRNA gene
were negative. Growth of mycobac-
teria was detected after 12—-17 days
in liquid MGIT cultures. For species
identification of the cultures, part of
the 16S rRNA gene was sequenced
(7). The resulting sequences were
compared with those in international
databases (www.ridom.de; www.ncbi.
nlm.nih.gov/BLAST). The strains
were identified as M. bohemicum.

To date, >125 nontuberculous my-
cobacteria species have been described
(www.bacterio.cict.fr/m/mycobacte-
rium.html). Nontuberculous mycobac-
terial cervical lymphadenitis is most
frequently caused by M. avium (80%),
M. malmoense, M. kansasii, M. lentifla-
vum, M. haemophilum, and M. scrofu-
laceum (8). Because the phenotypic
characteristics of M. bohemicum close-
ly resemble those of M. scrofulaceum,
these species can easily be misidentified
by analysis of biochemical and cultural
features only. The technique by which
M. bohemicum can clearly be identified
is sequence analysis (8,9).

Other than in the 4 patients re-
ported here, M. bohemicum infection
has only been reported in 5 patients
worldwide (3-6). Each was a child

Table. Characteristics of 4 children with cervical lymphadenitis caused by Mycobacterium bohemicum, Austria, 2002—-2006*

Patient

no. Sex; age Clinical findings Therapy Histologic findings

1 M; 2y, 10 mo Right submandibular Incomplete surgical Granulomatous and partly necrotizing
swelling excision; clarithromycin and inflammation, multiple giant cells and perinodal

rifabutin for 3 mo fibrosis; no acid-fast bacilli

2t F; 2y, 9 mo Right submandibular Total lymph node excision Granulomatous and partly necrotizing
swelling inflammation; acid-fast bacilli

3 F, 3y Angular right-sided Total lymph node excision Granulomatous and partly necrotizing
swelling inflammation; sporadic findings of acid-fast bacilli

4 M; 3y, 7mo Swelling in right Total lymph node excision Granulomatous and partly necrotizing

mandibular area

inflammation; no acid-fast bacilli

*All patients had negative PCR results for Mycobacterium tuberculosis complex; all patients recovered completely with no relapse.
TPatient had history of psychomotor disorder after perinatal asphyxia.
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with laterocervical and submandibu-
lar lymphadenitis. Total lymph node
excision was performed with a good
outcome for all patients except 1, who
required additional treatment with an-
timicrobial drugs because the infected
lymph node was incompletely excised
(4). Additionally, a systemic M. bohe-
micum infection associated with im-
munodeficiency was reported recently
(10). Treatment recommendations for
nontuberculous mycobacterial lymph-
adenitis are outlined in discussions of
individual nontuberculous mycobacte-
rium species. Guidelines for localized
lymphadenitis caused by any non-
tuberculous mycobacterium species
recommend complete surgical exci-
sion of the involved lymph nodes (8).
Additional antimicrobial drug therapy
is recommended only for patients for
whom removal was incomplete (8).
Our patient who received combina-
tion antimicrobial drug treatment im-
proved, with no relapse.

In summary we report 4 cases of
M. bohemicum from Austria, a coun-
try with 8 million inhabitants. Because
these cases were observed in a rela-
tively small country, infections with
M. bohemicum may be more common
than previously thought. More such
cases may be discovered as a result
of improved microbiologic diagnostic
techniques. We believe that M. bohe-
micum should be listed among the spe-
cies that induce nontuberculous myco-
bacterial infections.
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Pertussis
Surveillance in
Private Pediatric
Practices, France,
2002-2006

To the Editor: In France, pertus-
sis epidemiology has been extensively
studied since 1993. Immunization
of children with a highly efficacious
pertussis whole-cell (Pw) vaccine
(Sanofi Pasteur MSD, Lyon, France)
for 40 years (since 1966) has reduced
the incidence of pertussis. It has been
demonstrated that infectious or vacci-
nal immunity to pertussis wanes with
time and that pertussis is no longer a
pediatric disease (1-5). Transmission
now occurs predominantly from ado-
lescents and adults to unvaccinated
newborns.

From 1966 through 1995, pri-
mary vaccination against pertussis
was administered to children at 3, 4,
and 5 months of age, and a booster
was given at =2 years of age. Since
1995, primary vaccination has been
administered at 2, 3, and 4 months of
age, and a booster is given at 16-18
months of age. Duration of protection
of children immunized with Pw vac-
cine at these schedules is estimated to
be =7-9 years (1,5).

In response to the problem of
waning immunity, a second pertussis
booster immunization at 11-13 years
of age was introduced in 1998 (6). De-
velopment of pertussis acellular (Pa)
vaccines has enabled administration of
this booster immunization. The French
hospital network surveillance system
(Renacoq) was established in 1996
to monitor severe pertussis in infants
and the effect of late booster immuni-
zations. A cyclic disease pattern was
observed; peaks were noted for 1993,
1997, 2000, and 2005. However, the
last peak had a low amplitude; since
then a diminution in the proportion of
siblings who transmitted the infection
to young infants was observed (2).
These results could have been caused
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by adolescent booster immunizations.

We evaluated whether the dura-
tion of immunity induced by Pw vac-
cine was still similar to the duration
estimated in 1993-1994. This surveil-
lance was necessary because antigenic
changes in circulating isolates of Bor-
detella pertussis were observed when
compared with vaccine strains (7). To
achieve this goal, a private pediatric
network was set up and data from this
surveillance are presented.

From September 2002 through
April 2006, 79 pediatricians in France
enrolled all infants and children sus-
pected of having pertussis. A stan-
dardized data form was completed for
age, sex, vaccination data, and source
of infection. Biologic confirmation of
cases was obtained by using routine
laboratory diagnoses, i.e., culture,
PCR, or serology. Real-time PCR was
performed according to consensus
rules (8). Routine serodiagnosis was
performed by using purified pertussis
toxin and Western blotting according
to the method of Guiso et al. (9) be-
cause this is the only diagnostic test
free for patients in France. Serologic
diagnosis was made by detecting an-
tibodies to pertussis toxin in unvacci-
nated children or in those vaccinated
>]1 year earlier. Epidemiologic case-
patients were defined as those with a
cough for 14 days who had contacts
with a confirmed case-patient within 4
weeks of the onset of the cough. No

confirmed suspected case-patients had
coughs; all were negative for pertus-
sis by biologic diagnosis and did not
report contact with a confirmed case-
patient.

A total of 383 children were en-
rolled in the study. However, vaccina-
tion status and a biologic diagnosis
were available for only 139 children
(Table). Forty-seven children had bio-
logically confirmed cases and 92 had
nonconfirmed cases. Among children
with confirmed cases, only 22 had
been vaccinated. At time of disease,
the mean = SD age of these children
was 9.9 + 2.1 years. This age was
similar to the age observed during
1993-1994 (1,5).

The diagnosis for the 92 children
suspected of having pertussis was not
confirmed biologically. Culture and
PCR are used for diagnosis early in
the course of pertussis. However, se-
rologic analysis is used later because
antibodies are rarely detected before
3 weeks of onset of a cough. More
culture and PCR diagnoses were per-
formed for unvaccinated confirmed
case-patients than for vaccinated
confirmed case-patients. This finding
suggests that unvaccinated children
were seen by their pediatricians ear-
lier than vaccinated children because
the disease was less severe in vacci-
nated children or that vaccinated chil-
dren were older than unvaccinated
children.

The source of contamination
was known for 47% of the confirmed
case-patients (Table). This source was
either adults (54.4%) or adolescents
(41%) who did not receive their sec-
ond booster immunization or an un-
vaccinated infant (4.5%). These data
are similar to those obtained by the
French hospital-based surveillance
(2). They also support the strategy
started in 2004 of recommending a
pertussis booster immunization for
adults in contact with children and all
healthcare workers who come in con-
tact with infants (10)

In conclusion, this pediatric sur-
veillance confirms the usefulness of
following vaccine recommendations
for pertussis and of using biologic
techniques to confirm a diagnosis.
The vaccine strategy recommending a
booster vaccination at 11-13 years of
age is still in accordance with epide-
miologic features observed. Pediatri-
cians should continue this surveillance
to evaluate evolution of B. pertussis
populations and the effect of replacing
Pw vaccines with Pa vaccines.
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Confirmed
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Source of contamination

Adults 5 7

Adolescents 4 5

Infants 1 (unvaccinated) 0
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Avian Mycoplasma
lipofaciens
Transmission to
Veterinarian

To the Editor: Mycoplasma spp.
are well-known pathogens in human
and veterinary medicine. Mammals,
especially primates and including hu-
mans, share similar or even identical
Mycoplasma spp., which might be
commensal or pathogenic (1). Ad-
ditionally, sporadic infections of im-
munocompromised persons with My-
coplasma spp. that originated from
domestic animals have been reported
(1); susceptibility in this human popu-
lation is increased (2,3). M. phocicere-
brale is the only Mycoplasma patho-
gen of animals that regularly infects
humans, causing a disease called seal
fingers (1,4). However, we report a
human infection with an avian Myco-
plasma organism.

A clinical trial to investigate the
capability of M. lipofaciens (strain
ML64) (5) to spread horizontally be-
tween infected and noninfected turkey
poults in an incubator demonstrated
airborne transmission of the patho-
gen within 24 hours (6). During the
trial, the veterinarian conducting the
study, a 36-year-old man, was moni-
tored for infection. Each day, 2 swabs
were taken from both nostrils, starting
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from the day before the infected poults
hatched (day 0) through day 7 after the
poult hatching date. When handling
eggs and poults, the veterinarian wore
gloves but not a protective mask. Two
days after the poults hatched (day 3),
the veterinarian reported throat pain
and a slight rhinitis, which indicated a
respiratory disease. The next day only
the rhinitis with minor nasal pain was
present.

One nasal swab from each sam-
pling day was used for Mycoplasma
spp. culture (5). Isolated Mycoplasma
organisms were subjected to an im-
munobinding assay (6) with antiserum
against M. lipofaciens, M. buteonis,
M. falconis, M. gypis, M. gallisepti-
cum, M. meleagridis, M. synoviae,
and M. iowae, selected because the
veterinarian regularly handled these
isolates. The second nasal swab from
each sampling day was taken to detect
Mycoplasma DNA by PCR (5). The
samples for PCR testing were stored at
—20°C and tested only when attempts
to isolate Mycoplasma spp. failed.

Six weeks after the infection, a
serum sample from the patient was ex-
amined for specific antibodies against
M. lipofaciens by 3 different meth-
ods: modified immunobinding assay
(6) (which used patient’s serum and
peroxidase-conjugated  goat-antihu-
man serum [STAR90P, Serotec Ltd,
Oxford, UK]), a growth inhibition
test, and antibody titers of serum dilu-
tions. The first 2 methods used M. li-
pofaciens (strain ML64) from a turkey
trial (6) and the reference strains of M.
buteonis (Bb/T2g) and M. falconis (H/
T1). For the third method, to deter-
mine the titer, 2-fold serial dilutions
of the patient’s serum samples were
prepared and incubated with a bacte-

rial suspension (M. lipofaciens strain
ML64) containing 3.2 x 102 CFU. The
antibody titer was based on the high-
est serum dilution capable of reducing
50% of the mean CFU count.

Before the infected poults hatched,
attempts to isolate Mycoplasma organ-
isms and demonstrate Mycoplasma
DNA from the nasal swabs were un-
successful. However, from the day of
hatching (day 1) until 3 days later (day
4), Mycoplasma organisms were iso-
lated from the nasal swabs and identi-
fied as M. lipofaciens. On day 5, only
Mycoplasma DNA was demonstrated
(Table). Specific antibodies against M.
lipofaciens (strain ML64) were detect-
ed by using the immunobinding assay
and growth inhibition test. Antibodies
against other Mycoplasma spp. were
not detected. Antibody titer against M.
lipofaciens was 128.

M. lipofaciens have been reported
from a chicken, turkey, duck (7,8),
and a raptor egg (5). Strain ML64 is
highly pathogenic for chicken and tur-
key embryos and can be transmitted
by air (6,9). The veterinarian handling
the infected poults was free of nasal
Mycoplasma organisms a day before
contact. His infection occurred con-
current with demonstration of airborne
transmission among poults. The isola-
tion of M. lipofaciens from his nares
for 4 days demonstrates the infectiv-
ity and reproductive capability of this
Mycoplasma strain in humans: as a
pure contaminant, isolation for several
days would be unlikely. Christensen et
al. (10) have reisolated different avian
Mycoplasma strains (M. gallisepticum,
M. synoviae, M. iowae) from a human
nose, from 12 hours through 1 day af-
ter artificial infection, demonstrating
differences between avian strain abili-

ties to survive on human mucosa. M.
lipofaciens invasiveness for humans is
underscored by finding specific anti-
bodies against this species 6 weeks af-
ter infection. Cross-reactivity to other
Mycoplasma spp. cannot be excluded
but seems unlikely.

This study suggests that M. lipofa-
ciens (strain ML64) can be transmitted
successfully to humans and may cause
clinical symptoms; the study docu-
ments nonartificial human infection
with an avian Mycoplasma sp. These
findings should be considered espe-
cially for humans highly susceptible
to Mycoplasma infections, including
children and persons with congenital
or acquired immunodeficiencies (2,3).
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Urinary Tract
Infection Caused by
Capnophilic
Escherichia coli

To the Editor: Increased atmo-
spheric CO, concentrations promote
the growth of fastidious microorgan-
isms. However, the possibility that a
strain of Escherichia coli can be CO,
dependent is exceptional (1).

An isolate of capnophilic E. coli
was responsible for a urinary tract in-
fection (UTI) in a 77-year-old woman
at the University Hospital of Guadala-
jara (Spain) in November 2002. Urine
was cultured on a cystine-lactose-
electrolyte-deficient agar plate and
incubated at 37°C in an atmosphere
containing 6% CO, for 1 day. After
24 hours, the culture yielded gram-
negative rods (>10° CFU/mL) in pure
culture. The organism was motile,
catalase positive, and oxidase nega-
tive. The strain could not be identified
by using the MicroScan WalkAway-40
system (DadeBerhing, Inc., West Sac-
ramento, CA, USA). A subculture was
performed, and the organism did not
grow on sheep blood agar and Mac-
Conkey agar plates at 37°C in ambient
air. However, a subculture incubated
at 37°C for 24 hours in an atmosphere
of 6% CO, produced smooth colonies
2-3 mm in diameter on sheep blood
agar and MacConkey agar plates.
The organism fermented lactose, and
the indole reaction (BBL DrySlidet,
Becton Dickinson Co., Sparks, MD,
USA) performed on sheep blood agar
was negative. The strain grew well on
Schaedler agar plates after anaerobic
incubation for 48 hours. The isolate
remained capnophilic after 5 subcul-
tures. The strain was identified as E.
coli by using the Biolog GN2 panel
(Biolog, Inc., Hayward, CA, USA)
(100%, T = 0,534), after incubation
of the panel in an atmosphere contain-
ing 6% CO, for 1 day. The API 20E
system (bioM¢érieux, Marcy-1’Etoile,
France) according to the manufac-
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turer’s instructions without CO, in-
cubation also identified E. coli (pro-
file 5004512). The identification was
confirmed by means of 16S rDNA
sequence analysis (1,472 bp obtained
by PCR amplification by a previously
reported method [2]), which showed
99% similarity with E. coli sequence
(GenBank accession no. CP000802).
The 16S sequence showed similarity
with Shigella species; however, this
identification was not considered be-
cause the strain fermented lactose on
MacConkey agar and agglutinations
with Shigella antiserum were nega-
tive. The original 16S rDNA sequence
was deposited in GenBank (accession
no. EU555536).

The antimicrobial drug sus-
ceptibility profile was determined
by incubating Mueller-Hinton agar
plates at 37°C in an atmosphere con-
taining 6% CO, by the disk diffu-
sion method, according to National
Committee for Clinical Laboratory
Standards recommendations  (3).
The isolate was susceptible to am-
picillin, amoxicillin/clavulanic acid,
piperacillin, cefazolin, cefuroxime,
cefotaxime, nitrofurantoin, fosfomy-
cin, trimethoprim-sulfamethoxazole,
gentamicin, tobramycin, amikacin,
norfloxacin, and ciprofloxacin. MICs
were obtained for the following an-
timicrobial agents with the E-test
method (AB Biodisk, Solna, Swe-
den), performed on Mueller-Hinton
agar plates incubated in a 6% CO,
atmosphere: ampicillin (1.5 pg/mL),
amoxicillin (3 pg/mL), cefotaxime
(0.064 pg/mL), imipenem (0.094 pg/
mL), piperacillin (2 pg/mL), and cip-
rofloxacin (0.008 pg/mL).

E. coli is the most common patho-
gen among patients with uncomplicat-
ed UTIs (4). Two cases of UTIs due
to carbon dioxide—dependent strains
of E. coli have been reported (1). The
mechanisms for development of CO,
dependence are unknown (5). CO, can
play a role in the growth of E. coli as
a substrate for carboxylation reactions
(6). Other members of the family En-
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terobacteriaceae (such as some strains
of Klebsiella spp.) and other organ-
isms (such as Staphylococcus aureus),
can have similar requirements (7,8).

There is not 1 best way of per-
forming urine cultures. Guidelines for
the diagnosis of UTI includes the use
of sheep blood agar and either Mac-
Conkey agar or a similar selective
medium for routine urine culture. The
plates should be incubated overnight
(at least 16 hours) at 37°C in ambient
air; alternatively, the blood agar plate
can be incubated in elevated (3%—8%)
CO, (9). For fastidious microorgan-
isms, chocolate agar can be added to
the MacConkey agar and the plates in-
cubated in 5% CO, for 2 days (9).

The real incidence of these infec-
tions is unknown, but the rarity of these
strains suggests that the incidence is
low. However, the real incidence of
UTI caused by capnophilic E. coli
may be underestimated because urine
cultures are not usually incubated in
CO, In addition, urine cultures are not
performed for many women with un-
complicated cystitis. Other fastidious
uropathogens such as Haemophilus
influenzae and H. parainfluenzae, also
require special media and incubation
in an atmosphere of CO, (9). The low
frequency of these strains suggests that
incubation of routine urine cultures in
an atmosphere containing CO, is not
necessary. Incubation in CO, should
be ordered only if the patient has
pyuria and a previous negative urine
culture after incubation in ambient air
or if the patient is unresponsive to em-
piric therapy and routine urine culture
is negative. Good clinician—laboratory
communication is vital. Further stud-
ies should be performed to ascertain
the real incidence of UTIs caused by
capnophilic strains of E. coli.

Because no breakpoints are avail-
able for antimicrobial agents against
capnophilic strains of E. coli, we used
published interpretative criteria or En-
terobacteriaceae (3). The strain was
susceptible to all antimicrobial agents
that we tested. The impact of CO, on
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the susceptibility of capnophilic strains
of E. coli is unknown. Susceptibility
of some antimicrobial agents such as
quinolones can be influenced by the
pH change and enhanced growth that
occur during CO, incubation when
testing capnophilic organisms (10).
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Duck Migration and
Past Influenza A
(H5N1) Outbreak

Areas

To the Editor: In 2005 and 2006,
the highly pathogenic avian influenza
(HPAI) virus subtype H5NI1 rapidly
spread from Asia through Europe, the
Middle East, and Africa. Waterbirds
are considered the natural reservoir
of low pathogenic avian influenza vi-
ruses (1), but their potential role in the
spread of HPAI (H5N1), along with
legal and illegal poultry and wildlife
trade (2), is yet to be clarified.

The garganey (Anas querquedula)
is the most numerous duck migrating
between Eurasia and Africa: ~2 mil-
lion gather in the wetlands of Western
Africa every northern winter (3). We
report on a spatial correlation between
the 2007 migration path of a garganey
monitored through satellite telemetry
and areas that had major HPAI (H5N1)
outbreaks from 2005 through 2007.

Seven garganeys were captured,
sampled, and fitted with a 12-g sat-
ellite transmitter in northern Nigeria
(Hadejia-Nguru Wetlands; 12°48'N;
10°44'E) in the period February 7-15,
2007. All cloacal and tracheal swabs
tested negative for avian influenza
virus by real-time reverse transcrip-
tion—PCR analysis of the matrix
gene. One second-year (>9-month-
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old) female garganey migrated from
northern Nigeria to Russia in April—-
May 2007 (online Appendix Figure,
available from www.cdc.gov/EID/
content/14/7/1164—appG.htm), where
she remained until the end of July.
During this 6-week spring migration
over the Sahara Desert, Mediterra-
nean Sea, and Eastern Europe, this
duck stopped at 3 main stopover sites
in Crete, Turkey (Bosphorus region),
and Romania (Danube River delta).
The duck migrated back to the Dan-
ube delta in August, where it remained
until November, when the signal was
lost. Other garganeys we monitored
stopped transmitting before initiating
spring migration (n = 3) or remained
in West Africa during spring and sum-
mer (n = 3), which suggests a stress
linked to capture or constraint from
the transmitter attachment.

This transcontinental migration
path connects several areas of past
major HPAI (H5N1) outbreaks (on-
line Appendix Figure). The wintering
area in Nigeria where this duck was
caught and remained for 8 weeks be-
fore spring migration is located where
a large number of outbreaks have oc-
curred repeatedly since February 2006
(the closest being 30 km away). This
bird reached its breeding ground in
Russia near Moscow and stayed for
2 months in an area that had several
outbreaks in backyard poultry in Feb-
ruary 2007 (the closest being 30 km
away). Finally, the Danube delta, used
as a resting ground for 3 months in late
summer and autumn, is also an area
with recurring outbreaks since Octo-
ber 2005 in wild and domestic birds,
with the most recent case reported in
November 2007 (the closest being 10
km away). The initial spread of HPAI
virus (HSN1) from Eurasia to Africa
occurred in autumn and winter 2005—
06. The migratory movements we ob-
served during spring and summer in
this study were not temporally corre-
lated with any reported HPAI (H5N1)
outbreak, either in sequence or period;
hence, they should not be interpreted
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as evidence of the role of wild bird in
expansions of the virus.

During spring migration from Ni-
geria to Russia, the garganey stopped
several days in wetlands situated close
to areas of past outbreaks in the Dan-
ube delta (4 days at a distance of 14
km from October 2005 outbreaks)
and Lake Kus, Turkey (8 days at a
distance of 10-30 km from October
2005 outbreaks). The occurrence of
past outbreaks indicates that the duck
used wetlands favorable to HPAI vi-
rus (H5N1) transmission as stopover
sites. The relatively long stopover
periods enabled prolonged contact of
migratory ducks with local domestic
and wild bird populations or through
shared water, thus prolonging the po-
tential for virus transmission. Consid-
ering the persistence of infectivity of
HPAI virus (H5N1) in aquatic habitats
(4), the number of migratory ducks
congregating at stopover sites from
various geographic origins and desti-
nations, and the asynchronous timing
of the arrival and departure of migra-
tory ducks (5), we believe that these
sites may provide locations for disease
transmission and possible spread upon
movement of wild birds.

The satellite-fitted female gar-
ganey covered distances between stop-
over sites of >2,000 km in <2 days,
traveling at an estimated speed of 60
km/h. This large-scale movement in
a short period, coupled with experi-
mental exposure trials demonstrating
viral shedding of up to 4 days in ducks
with no clinical signs of infection (6),
is consistent with potential viral trans-
mission over great distances.

These facts illustrate how a
pathogen such as HPAI virus (H5N1)
can potentially be transported rapidly
by migratory birds across continents.
However, the physiologic impact of
an HPAI (H5N1) infection on the abil-
ity of birds to migrate long distances
is still unknown (7) and to date, most
empirical evidence suggests that wild
birds have only moved short distances
(a few hundred kilometers) likely car-
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rying HPAI virus (H5N1) (8). Despite
extensive global wildlife surveillance
efforts and with the exception of a
few reported cases of HPAI (H5N1)
infection in apparently healthy wild
ducks (9,10), evidence of wild bird
involvement in the spread of HPAI vi-
rus (H5N1) over long distances is still
lacking.
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Dihydrofolate
Reductase 1164L
Mutation in
Plasmodium
falciparum,
Madagascar

To the Editor: Malaria remains
a major public health problem and a
primary cause of illness in Madagas-
car (1). Since 2005, the National Ma-
laria Control Program has revised its
treatment policy and replaced chlo-
roquine (CQ) with artesunate plus
amodiaquine as first-line therapy for
uncomplicated malaria and CQ with
sulfadoxine-pyrimethamine (SP) for
prevention of malaria during pregnan-
cy. The latter choice was partially sup-
ported by high effectiveness of SP and
absence of pyrimethamine resistance
in Madagascar, in contrast to proximal
African countries such as the Comoros
Islands (2,3).

Analysis of the molecular basis
of antimalarial drug resistance has
demonstrated that mutations in the
dihydrofolate reductase (dhfr) and
dihydropteroate synthase genes are
associated with development of SP
resistance. It has been assumed that
pyrimethamine resistance conferred
by multiple mutations arose through
stepwise selection of the SI108N
single mutant (except for the A16V/
S108T allele). This single-point muta-
tion decreases the sensitivity of dhfr
to pyrimethamine in vitro by =10x%
(4). Subsequent mutations, such as
NS51I and C59R, cause additional de-
creases in the sensitivity of dhfr to py-
rimethamine. Parasites with a triple-
mutant allele (511/59R/108N) are less
sensitive to pyrimethamine in vitro,
and patients infected with these para-
sites have a high probability of not re-
sponding to SP treatment (5).

Addition of 1164L to
51I/59R/108N creates a quadruple-
mutant allele and decreases the sensi-
tivity of dhfr by ~1,000x (4), eliminat-

ing the clinical effectiveness of SP, as
observed in Southeast Asia and South
America. However, the situation in
Africa seems to be different because
most studies conducted since the mid
1990s have shown the quadruple mu-
tant to be rare, even in areas of inten-
sive pyrimethamine use (6). Increasing
SP resistance is principally a result of
rapid selection for parasites that car-
ry a triple-mutant allele that arose in
Southeast Asia and has spread widely
in Africa (7,8).

In 2006, blood samples were ob-
tained from 114 children 6 months to
15 years of age enrolled in a clinical
trial monitoring the efficacy of SP in
treatment of uncomplicated Plasmodi-
um falciparum malaria. The dhfr gene
from pretreatment samples was se-
quenced at the Genomics Platform of
the Pasteur Institute in Paris, France.
Four (3%) samples contained the 108N
single-mutant allele, 37 (32%) con-
tained the S51I/59R/108N triple-mu-
tant allele, and 1 (<1%) contained the
[164L single-mutant allele. This latter
allele was obtained from the blood of
a 15-year-old girl from Ejeda in south-
ern Madagascar. At enrollment in the
trial, she had an axillary temperature
of 37.8°C and a P. falciparum asexual
parasite count of 74,880/uL. She was
treated with the standard SP regimen
(25 mg/kg sulfadoxine and 1.25 mg/kg
pyrimethamine as a single dose on day
0). On the basis of the World Health
Organization 2003 protocol (9), early
treatment failure was noted on day 2,
when the patient had signs of malaria
with a temperature of 40°C and a para-
site count of 770/uL. She was success-
fully retreated with a rescue regimen
(quinine, 8 mg base/kg, 3 times a day
for 7 days).

To confirm detection of the 1164L
allele, parasite DNA was extracted
from blood spots obtained on days 0, 1,
and 2 and sequenced. DNA templates
were sent to a second independent
laboratory (Department of Genome
Sciences, University of Washington,
Seattle, WA, USA) to rule out misiden-
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tification or polymerase errors. Nucle-
otide sequences obtained were com-
pared with wild-type sequence (isolate
3D7, pyrimethamine-sensitive, Gen-
Bank accession no. NC_004318.1) by
using BioEdit software (www.mbio.
ncsu.edu/BioEdit/BioEdit.html). No
point mutations other than 1164L were
observed in any samples obtained on
3 consecutive days. The nucleotide
sequence determined in this study has
been deposited in the GenBank data-
base (accession no. EU280750).

Our report provides new insights
into development of antifolate-resis-
tant malaria and supports the findings
of McCollum et al. (10) that the muta-
tions in the dhfr gene do not always oc-
cur in a predictable, ordered, stepwise
manner. Although the [164L allele was
detected in a clinical sample from a pa-
tient who showed early treatment fail-
ure, blood levels of the drug were not
measured. Thus, it is not possible to
establish a causal connection between
the 1164L mutation and SP resistance.
Moreover, the substantial reduction in
parasite counts observed on days 0, 1,
and 2 implied that SP treatment helped
reduce parasite counts.

Our data confirm that the 1164L
mutation is beginning to appear in Af-
rica. This observation highlights the
risk for emergence and spread of the
S1I/59R/108N/164L  quadruple-mu-
tant dhfr genotype by recombination
between the 1164L genotype and the
511/59R/108N triple-mutant genotype,
which would make SP widely ineffec-
tive for intermittent treatment of ma-
laria during pregnancy. Further studies
are needed to understand whether the
1164L genotype has emerged in Mad-
agascar because of local evolutionary
history or has been introduced by gene
flow from India or Southeast Asia, and
to evaluate the risk for spread of this
genotype to the rest of Africa through
Madagascar.
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within 4 weeks of the original article’s
publication. Letters reporting cases,
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contain no more than 800 words and
10 references. They may have 1 Fig-
ure or Table and should not be divided
into sections. All letters should con-
tain material not previously published
and include a word count.
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Bartonella quintana
and Coxiella
burnetii as Causes
of Endocarditis,
India

To the Editor: In industrialized
countries, blood culture is negative for
2.5%-31% of infectious endocarditis
cases (1). In developing countries such
as South Africa (2), Algeria (3), and
Pakistan (4), culture is negative for 48%
to 56%. Negative cultures delay diag-
nosis and treatment, which profoundly
affects clinical outcome. Negative
blood cultures commonly result from
previous administration of antimicro-
bial drugs, right-sided endocarditis, or
fastidious or noncultivable pathogens
(1). Our aim was to identify fastidious
agents of blood culture—negative endo-
carditis by serology. Because of recent
attention to zoonotic microorganisms
as agents of this condition in develop-
ing countries (1), we investigated the
prevalence of Coxiella burnetii, Bar-
tonella spp., and Brucella melitensis
among endocarditis patients in India.

We cultured blood from 111 pa-
tients admitted to the Government
General Hospital, Chennai, India,
from August 2005 through December
2006, with a diagnosis of infectious
endocarditis according to the Duke
criteria (5). Informed consent was ob-
tained from all patients. Three blood
samples from each patient, collected
at hourly intervals, were inoculated
into brain—heart infusion broth sup-
plemented with 0.04% sodium polya-
nethol sulfonate (HiMedia, Mumbai,
India). Cultures were incubated at
37°C in a 5% CO, atmosphere for 14
days and checked each day for tur-
bidity. Subcultures were made on 5%
sheep blood and MacConkey agar at
37°C at 24 hours, 48 hours, and when
culture broth appeared turbid.

Blood cultures were negative for
80 (72%) of the 111 patients. Serum
from 63 patients was available for se-
rologic testing. Of these patients, 30
were male and 33 were female; age
range was 5—605 years and mean age
was 25.5 years. Endocarditis involved
the native valve for 60 (95.23%) and
a prosthetic valve for 3 (4.76%). The

most frequent predisposing factor was
rheumatic heart disease, found in 38
(60.31%). Of the 60 with native valve
endocarditis, the involved valve was
mitral for most (36, 60.0%), followed
by aortic (8, 13.33%), tricuspid (7,
11.66%), and pulmonary (1, 1.66%); 8
(13.33%) had both valvular and non-
valvular endocarditis. Of the 3 patients
with prosthetic valve endocarditis, the
involved valve was mitral for 2 and
aortic for 1.

Serum samples were screened
for Bartonella spp. and C. burnetii by
microimmunofluorescence (6,7). A di-
agnosis of endocarditis was based on
an immunoglobulin (Ig) G titer >800
to phase I C. burnetii; this titer has a
positive predictive value of 98% (6). A
diagnosis of Bartonella infection was
based on the combination of a positive
microimmunofluorescence titer (IgG
to B. quintana or B. henselae >200)
and a Western blot profile consistent
with endocarditis (8).

Identification of the causative
species was obtained by Western blot
after cross-adsorption with either B.
henselae or B. quintana antigens (8).

Table. Clinical findings and causative agent for 9 patients with blood culture—negative endocarditis, India, August 2005—-December

2006*
Patient Underlying cardiac 1gG titer to IgG titer to Coxiella
age, y/sex condition Echocardiographic findings Bartonella spp. burnetii phase | Causative agent
25/F Right atrium fistula Vegetation attached to 400 100 Bartonella quintana
tricuspid valve
46/M Rheumatic heart disease Vegetation attached 0 800 Coxiella burnetii
to anterior mitral leaflet
14/M Rheumatic heart disease  Vegetation attached to tip of 200 0 B. quintana
anterior mitral leaflet
13/M Rheumatic heart disease Vegetation attached to 200 0 B. quintana
anterior mitral leaflet
28/M Bicuspid aortic valve Vegetation attached to 400 0 B. quintana
disease anterior coronary cusp of
aortic valve
30/M Rheumatic heart disease  Vegetation attached to both 200 0 B. quintana
anterior and posterior mitral
leaflet extending to chordae
tendinae
50/F Rheumatic heart disease  Vegetation attached to non- 400 0 Bartonella spp.
coronary cusp of aortic valve
40/M Bicuspid aortic valve Calcified aortic valve 400 0 B. quintana
disease
40/M Double chamber right Vegetation attached to right 800 0 B. quintana

ventricle and subaortic
perimembranous
ventricular septal defect

atrium anterior leaf of tricuspid
valve and lateral cusp of

pulmonary valve

*Ig, immunoglobulin.
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Antibodies to B. melitensis were de-
tected by agglutination by using the
Rose Bengal and Brucella Wright
tests (both from BioRad, Hercules,
CA, USA). Of the 63 patients, 9 had
a positive antibody response against a
tested antigen (Table): 1 to phase I C.
burnetii and 8 to Bartonella spp. (IgG
>200). Of these, 7 had a 1-fold dilu-
tion higher titer to B. quintana than to
B. henselae, including 1 with a low-
level cross-reaction with C. burnetii,
and 1 with identical titers to both. For
all 8 patients, Western blot results were
consistent with Bartonella endocardi-
tis. For 7, cross-adsorption identified
B. quintana as the causative species;
for the other, the infecting Bartonella
species remained undetermined be-
cause adsorption with B. quintana and
B. henselae antigens removed all an-
tibodies. Serologic results for B. me-
litensis were negative for all patients.

B. quintana is mostly associated
with human body lice but has also
been found in fleas (9). The predis-
posing factors for B. quintana endo-
carditis are homelessness, alcoholism,
and exposure to body lice (10). For
our patients, the common predispos-
ing factors were poor hygiene and low
socioeconomic status, which may ex-
pose them to ectoparasites including
lice and fleas. In contrast with previ-
ous study findings, B. quintana infec-
tious endocarditis developed on pre-
existing valvular lesions in all patients
(10). This finding may reflect a differ-
ent clinical evolution than in Europe,
where studies have suggested that B.
quintana infectious endocarditis fol-
lowed chronic bacteremia in patients
who did not have previous valvular
defects (10).

In summary, prevalence of nega-
tive blood culture among patients
with infectious endocarditis was high
(72%). The most commonly associat-
ed risk factor was rheumatic heart dis-
ease (Table). C. burnetii and Bartonel-
la spp. were responsible for 8% of all
infectious endocarditis cases and 14%
of blood culture—negative cases. No

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 14, No. 7, July 2008

case of infectious endocarditis caused
by B. melitensis was identified.

Our preliminary study suggests
that zoonotic agents, especially Bar-
tonella spp., are prevalent causative
organisms of blood culture—negative
endocarditis in India. We recommend
serologic screening for antibodies to
zoonotic microorganisms as diagnos-
tic tools for this disease in India.
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Acute
Gastroenteritis
Caused by GI/2

Sapovirus,
Taiwan, 2007

To the Editor: Sapovirus is an
etiologic agent of human gastroenteri-
tis. Although many of the previously
reported cases were of mild, sporadic
infections in young children (1-3),
several recent sapovirus-associated
gastroenteritis outbreaks have affected
adults, which suggests that the virus’s
virulence, prevalence, or both, may be
increasing (4-6). In this study, we de-
scribe a sapovirus-associated outbreak
of gastroenteritis that occurred during
May 4-8, 2007, and involved college
students in northern Taiwan.

A total of 55 students had clini-
cal symptoms of gastroenteritis, in-
cluding diarrhea (45), vomiting (22),
abdominal cramps (17), and fever (2).
The clinical symptoms continued for
up to 10 days (mean 4.7 days). Stool
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specimens were collected from 8 of
55 students on May 8 (Table). Ini-
tially, the specimens were screened
for bacteria, rotavirus, and norovirus,
but all specimens were negative for
these pathogens. The 8 stool speci-
mens were then examined by electron
microscopy (EM), and 1 was positive
for calicivirus-like particles.

To confirm the EM results, we
performed reverse transcription—-PCR
(RT-PCR), real-time RT-PCR, and
sequence analysis as previously de-
scribed (7). Briefly, purified RNA (10
pnL) was reverse transcribed by using
SuperScript III reverse transcriptase
according to the manufacture’s in-
structions (Invitrogen, Carlsbad, CA,
USA). PCR was carried out by us-
ing the SV-F11 and SV-R1 primer
set directed against the conserved N
terminal capsid region (8). The PCR
products were analyzed with 2% aga-
rose gel electrophoresis and visualized
after ethidium bromide staining. The
PCR-generated amplicons (=780 bp)
were excised from the gel and puri-
fied by the QIAquick gel extraction kit
(QIAGEN, Hilden, Germany).

Nucleotide sequences were pre-
pared with the terminator cycle se-
quence kit (version 3.1) and deter-
mined with the ABI 3130 sequencer
(Applied Biosystems, Foster City,
CA, USA.). Nucleotide sequences
were aligned by using ClustalX
(www.clustal.org), and the distances
were calculated by using the Kimura
2-parameter method. A phylogenetic
tree was generated by the neighbor-

joining method as described previ-
ously (1,8).

Of the 8 specimens, 7 were posi-
tive by RT-PCR and real-time RT-PCR
(Table). SaV124F, SaVl1F, SaVS5F,
and SaVI1245R primers as well as
SaV124TP and SaV5TP minor-groove
binding probes were used for real-time
RT-PCR diagnosis, which targets the sa-
povirus RdRp-capsid junction region as
described (7). The number of sapovirus
c¢DNA copies ranged from 2.86 x 107 to
1.72 x 10" copies/g of stool specimen;
mean was 2.71 x 10° copies/g of stool
specimen (Table). Sequence analysis of
the 7 positive specimens showed 100%
nucleotide identity (nt 5098-5878), in-
dicating that the outbreak was caused
by 1 sapovirus strain.

To better classify the sapovirus,
we reamplified the 3’ end of the ge-
nome from | positive specimen and
sequenced ~2,400 nt (nt 5074-3")
(Hu/SaV/9-5/Taipei/07/TW;GenBank
accession no. EU124657). PCR was
performed with SV-F13, SV-F14, and
TX30SXN primers as described (1).
Database searches found a closely
matching sapovirus sequence (99%)
that was detected in a patient with
gastroenteritis in Japan, in 2004
(Chiba041413 strain; GenBank acces-
sion no. AB258427). The next closely
matching sequence was detected in
an outbreak of gastroenteritis among
adults in the United States in 1994
(Parkville strain; HCU73124) (6).
Phylogenetic analysis clustered these
3 sapovirus sequences into genogroup
I/genotype 2 (GI/2) (online Appendix

Figure, available from www.cdc.gov/
content/EID/14/7/1169-appG.htm).
Sapovirus was reported in Japan
in water samples (untreated wastewa-
ter, treated wastewater, and a river)
and in clam samples intended for hu-
man consumption (1). Apart from
these 2 environmental studies, little
is known about reservoir of sapovirus
or its route of infection in the natural
environment. The source of contami-
nation in this current outbreak was not
determined; however, none of the food
handlers associated with the college
reported symptoms of gastroenteritis.
However, in a recent molecular epide-
miologic study in Japan, a large num-
ber of symptomatic and asymptomatic
food handlers were found to be infect-
ed with noroviruses (9). Several sero-
prevalence studies also indicated high
prevalence rates of antibodies to sapo-
virus in adults and children (10). All
of these findings highlight the need to
collect stool specimens from asymp-
tomatic persons and indicate possible
“silent” transmission through an as-
ymptomatic route. Symptoms of sapo-
virus infection are thought to be milder
than symptoms of norovirus infections.
However, in this study approximately
one third (17) of the 55 students re-
ported symptoms of abdominal pain
and 22 (40%) reported symptoms of
vomiting. Many of the earlier sapovi-
rus studies described sapovirus GI/1
infections in young Japanese children
(1), which indicated that infecting vi-
rus had a different genotype than the
virus detected in this study (GI/2).

Table. Clinical symptoms and laboratory diagnosis results for sapovirus-related outbreak among college students, northern Taiwan,

May 2007*t

Specimen Patient Date of illness  EM RT-PCR  Copies cDNA/g Symptom

no. sex/age, y onset results  results of stoolf Fever Diarrhea  Vomiting Abdominal pain
1 F/20 May 5 - + 1.69 x 10° - + + +
2 F/I26 May 5 - + 6.19 x10° - + + -
3 M/19 May 6 - + 2.32x 10° - + - +
4 M/18 May 6 - + 3.24 x 10° - + + +
5 Fr21 May 7 + + 1.72 x 10" + - -
6 F/18 May 4 - - + + + -
7 M/19 May 7 - + 4.28 x 10° - + + +
8 F/20 May 6 - + 2.86 x 10’ - + - +

*EM, electron microscopy; RT-PCR, reverse transcription—-PCR; —, negative; +, positive.

TAIl specimens were collected May 8.
+cDNA copies were determined by real-time PCR.
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In addition, the viral load in this
study appeared to be comparative-
ly high. These results suggest that
some sapovirus genotypes are more
virulent than others. Similar findings
were obtained with norovirus infec-
tions around the world; strains be-
longing to norovirus GII/4 were the
most prevalent in many countries.
Although several recombinant sapo-
virus strains have been identified and
found to be the cause of increased
numbers of infections in some coun-
tries (1,5), they were not observed in
this study. Increased sapovirus sur-
veillance and reporting are needed to
shed some more light on this poorly
understood virus.

This study was supported in part
by research grant DOH96-DC-2013 and
DOH96-DC-2016 from Centers for Dis-
ease Control, Taiwan.
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Importation of
West Nile Virus
Infection from
Nicaragua to Spain

To the Editor: We report the case
of a 51-year-old Spanish missionary
who had lived Nicaragua (Managua)
from 2004 to 2006. He had no other
notable travel history during that pe-
riod. In June 2006, he noticed malaise
and nausea, followed by abrupt onset
of fever (39°C), headache, cervical
pain, and right hemiparesis. He was
admitted to a local hospital in Nicara-
gua, at which time routine results of
hematologic and biochemistry tests
were within normal limits, except for
mild neutrophilia. After cerebral mag-
netic resonance imaging (MRI), a di-
agnosis of ischemic cerebrovascular
accident was made. He was treated
with aspirin and ceftriaxone for an
oropharyngeal infection.

Because neurologic symptoms
persisted, 13 days later he was trans-
ferred to a hospital in Madrid, Spain.
At that time, physical examination
showed neck stiffness, a diminished
level of consciousness, right flaccid
hemiparesis, and facial weakness. Pe-
ripheral blood examination showed
only mild neutrophilia. Cerebrospi-
nal fluid (CSF) analysis showed a 65
mg/dL glucose level (blood glucose
140), proteins 136 g/dL, and 18 cells/
mm?® (mainly lymphocytes). Serologic
test results for HIV, hepatitis B virus,
hepatitis C virus, syphilis, Toxoplasma
spp., and Brucella spp., and CSF cul-
tures for mycobacterial, bacterial, and
fungal infections were all negative. Re-
sults of a computed tomographic scan
of the brain were within normal limits.
MRI showed nonspecific abnormal
intensity of white matter signal. Elec-
trophysiologic studies showed severe
axonal motor neuropathy and mod-
erate sensitive axonal neuropathy in
the right upper limb. Gammaglobulin
was administered intravenously for 5
days; the patient improved slightly. At
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discharge, the diagnosis was of “Guil-
lain-Barré—like syndrome.” He was
admitted to our Tropical Medicine
Unit in Madrid, 160 days after onset
of intial symptoms. West Nile virus
(WNV) infection was suspected, and
diagnostic tests were performed on all
available samples. The first serum (S1)
and CSF samples obtained 13 days
after onset of symptoms were sent to
us for testing. A second serum sample
(S2) was obtained at 160 days.

The CSF was tested for flavivirus
by using a generic PCR (1) and found
negative, and for WNV immunoglob-
ulin (Ig) G and IgM (Focus, Cypress,
CA, USA) as previously described
(2) and showed positive results for
both immunoglobulins (Table). Serum
samples were studied by ELISA for
WNV IgG and IgM (Focus), and posi-
tive results were obtained for IgG to
WNV in both samples and for IgM in
S1. By a plaque reduction neutraliza-
tion assay (PRNT) with 100 50% in-
fection units of WNV (Eg-101 strain),
positive titers of 256 in S1 and 64 in
S2 were obtained (Table).

S1 and CSF were subsequently
titrated for WNV IgG by ELISA and
for WNV antibodies by PRNT. Spe-
cific WNV IgG or total antibodies/al-
bumin indices of 3.54 and 7.0, respec-
tively, were obtained.

Serum samples were also assayed
for IgG and IgM by ELISA against
dengue virus (Panbio, Brisbane,
Queensland, Australia) and tick-borne
encephalitis virus (Siemens, Mars-
burg, Germany). Positive results were
obtained for IgG to both viruses; titers

did not vary, which suggests cross-re-
activity with WNV or prior infection
due to another flavivirus.

The causative role of WNV was
confirmed by the following factors: 1)
the detection of WNV-specific IgM,
in the absence of IgM response to
the other flavivirus, in combination
with the variation of PRNT titer in S1
and S2; 2) the evidence of intrathecal
WNV IgG by ELISA and WNV an-
tibodies by PRNT, according to well
established cutoff values (3); and 3)
the detection of WNV-specific IgM in
CSF. The final diagnosis was meningo-
encephalitis with acute flaccid paraly-
sis due to WNV infection with right
upper limb paraparesis and muscular
atrophy as sequelae (online Appendix
Figure, available from www.cdc.gov/
EID/content/14/7/1171-appG.htm).

WNYV is an arbovirus, family Fla-
viviridae, first detected in 1937. It is
maintained worldwide in an enzootic
cycle, transmitted primarily between
avian hosts and mosquito vectors.
Mosquitoes of the genus Culex are the
main vectors. Humans and horses are
accidental secondary hosts (4). WNV
is now widely distributed in Affica,
Asia, the Middle East, Europe, and
the Americas. The first epidemics of
WNV encephalitis were reported in the
early 1950s in Egypt and Israel, then
in France (1960s) and in South Africa
(1970s). During the past 10 years, sev-
eral WNV outbreaks in humans have
been reported in the Mediterranean ba-
sin and in southern Europe (5,6). In the
Anmericas, the first cases were reported
in New York City in 1999 (7), and the

spread of WNV to large areas of the
United States, Canada, Mexico, Cen-
tral America, and the Caribbean was
demonstrated in subsequent years. The
case reported here also represents a new
case of imported WNV infection in Eu-
rope and documents an imported case
acquired in Central America (8-10)

WNV infection in animals, main-
ly in birds and horses, has been docu-
mented in Mexico, the Caribbean, and
areas of South America. Birds, in par-
ticular, have been implicated in spread-
ing WNV during migratory events in
Europe, Asia, Africa, and the Middle
East. WNV could thus potentially be
introduced by the same mechanism in
Central and South America, resulting
in possible transmission to humans in
countries like Nicaragua (7).

In conclusion, the possibility
should be considered of new cases of
WNV infection arising outside classic
areas of high risk. Clinicians should
be aware of the possibility of imported
WNV to request specific tests in symp-
tomatic patients.

Support was provided by the Red de
Investigacion de Centros de Enfermedades
Tropicales (RICET).
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Table. Serologic results for antibodies to West Nile virus (WNV), dengue virus (DV), and tick-borne encephalitis virus (TBEV)*

WNV
Sample/ ELISA PRNT DV ELISA TBEV ELISA
d after onset IgGt 1gGF IT-IgG8 IgMt Abt IT Abf IgGT IgMT IgGT IgMT
S1/13 3.5 65,000 3.54 3.6 256 7.0 4.8 0.3 59.5 0.1
CSF/13 4,000 Post# 32
S2/160 3.2 16,000 0.8 64 4.5 0.2 27 0.1

*PRNT, plaque reduction neutralization assay; Ig, immunoglobulin; Ab, antibodies; IT, intrathecal; S1, first serum sample, obtained 13 days after onset of
symptoms; CSF, cerebrospinal fluid; Pos, positive; S2, second serum sample, obtained 160 days after onset of symptoms.
TResults expressed as the ratio of sample absorbance to cutoff value (positive >1.0).

FTiter.

8IT production of WNV IgG (ELISA).

IT production of WNV antibodies (PRNT).
#CSF tested diluted 1:2.
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Outbreak of
Pertussis, Kabul,
Afghanistan

To the Editor: Infectious dis-
eases are the main cause of illness for
armed forces in conflict (1), resulting
in decreases in operational efficiency.
The International Security Assistance
Force (ISAF) in Afghanistan is a mul-
tinational force operating under the
auspices of the North Atlantic Treaty
Organization (NATO). As part of
ISAF, French troops operate in Kabul
and its surroundings, within a 70-km
radius. French medical facilities con-
sist of a French field hospital and a
primary care center. The facilities sup-
port 4,000 soldiers, 1,048 of whom are
French.

Troop disease, including acute re-
spiratory disease (ARD), is routinely
monitored through French Army and
NATO surveillance systems. We re-
port an outbreak of ARD in the multi-
national force in which pertussis cases
were identified by using laboratory
tests and epidemiologic criteria.

In November 2006, a significant
increase of ARD was detected in sol-
diers of different nationalities (Figure),
with a 10-fold increase among French
troops at week 51. Patients with per-
sistent cough or dyspnea were referred
to the field hospital, in a nonrandom-
ized manner, and those with a 2-week
history of cough underwent serologic
tests. Samples were sent to France and
were analyzed at Hopital Saint Anne,
Toulon, France. Immunoglobulin (Ig)
G antibodies to Bordetella pertussis
antigens (pertussis toxin, filamentous
hemagglutinin, and adenylcyclase)
were determined by a Western blot
assay (MarDx Diagnostics, Carlsbad,
CA, USA). Recent infection was diag-
nosed by finding high levels of anti-
bodies to pertussis toxin compared to
results for standardized positive and
negative samples, in concurrence with
the fact that no soldier had been vacci-
nated against pertussis after childhood.
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IgG and IgA antibodies to Chlamydia
pneumoniae were determined by a
semiquantitative method that assessed
samples’ absorbance value in optical
density (SeroCP Quant IgG and Quant
IgA, Savyon Diangostics, Ashdod, Is-
rael). Recent infection to Mycoplasma
pneumoniae was assessed by detecting
IgM antibodies with a specific enzyme
immunoassay (Platelia Mycoplasma
pneumoniae, Biorad, Hercules, CA,
USA) and by using a semiquantitative
method to detect IgM and IgG anti-
bodies with patented gelatin particles
sensitized with cell membrane com-
ponents of M. pneumoniae (Serodia
Myco II, Fujirebio, Malvern, PA,
USA). Coxiella burnetii infection was
assessed by indirect immunofluores-
cence assay (Coxiella burnetii Spot IF,
bioM¢érieux, Marcy I’Etoile, France).

Statistical analysis was performed
with Epi Info v3.4 software package
(Centers for Disease Control [CDC],
Atlanta, GA, USA). Quantitative vari-
ables were compared by using the
Kruskall-Wallis test.

From the third week of Decem-
ber 2006 until the third week of Janu-
ary 2007, 209 French soldiers sought
treatment at the French medical facili-
ties for stereotyped acute febrile re-
spiratory infection, which represents
a cumulative attack rate of 20% on
clinical grounds. Thirty-nine French
soldiers and 10 non-French soldiers
or local civilian workers were then re-
ferred to the field hospital. All patients
had a 24-h history of fever >38.5°C
and nonspecific ear, nose, and throat
symptoms, mainly a sore throat. Cough
was unremarkable, without whoops.
Fourteen of the 49 patients were hos-
pitalized for severe dyspnea. Median
age was the same for inpatients (26
[range 20-57] years) and outpatients
(36 [range 21-53] years, p = 0.15).

Twenty-seven blood samples were
taken, 24 from French troops, 2 from
British troops, and 1 from Polish pa-
tients. Six patients, including 3 French
soldiers, had recent pertussis. No dif-
ference in age was found between
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patients with pertussis and those with
non—pertussis ARD (36 [range 27-51]
versus 33 [range 20-63] years; p =
0.39). No pertussis patient had been
vaccinated against the illness since
childhood.

One patient had evidence of re-
cent infection with M. pneumoniae,
and another with C. pneumoniae. No
recent infection involved C. burnetii.
All patients with ARD had a favorable
outcome.

This outbreak of ARD among
troops in Afghanistan highlights the
importance of nontraumatic illness in
wartime when military field conditions
enhance exposure to, and incidence of,
endemic diseases. Although our study
did not include systematic laboratory
confirmation for all cases of ARD in
soldiers due to field conditions, this
outbreak was mainly due to pertussis:
most cases were defined by a cough
lasting >2 wk, took place in an out-
break setting, and were (for 6 patients)
confirmed by laboratory tests. CDC
requirements were followed to ascer-
tain confirmed cases (2). This outbreak
also involved British troops; after the 2
cases we described, 2 additional sero-
logically confirmed cases and 1 prob-
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able confirmed case were discovered
among symptomatic British returnees
(3). Pertussis, which remains endemic
in developing countries (4), was re-
ported in northeastern Afghanistan in
2002 (5), nor was it ever biologically
ascertained nor reported in Kabul.

This outbreak elicits 3 main ques-
tions. First, how can ARD transmission
be stopped under field conditions? Be-
sides prophylactic antibiotherapy, iso-
lation of suspected case-patients is not
achievable because of limited number
of beds in medical facilities and high-
person density in barracks and din-
ing halls. To minimize transmission,
patients and caregivers should wear
masks.

Second, what prophylactic antibi-
otherapy should be given? We recom-
mend a 3-day regimen of azithromycin
because it is as efficient as erythro-
mycin in preventing spread pertussis
(6), targets most intracellular bacteria
involved in ARD, and offers the best
compliance (7).

Finally, should soldiers be vac-
cinated against pertussis for overseas
campaigns? In France, no booster vac-
cination is given after 13 years of age
(8). Because acellular vaccines do not

Wk 48 Wk49 Wk50 Wk51 Wk52 Wk1 Wk2  Wk3
Date of onset
— —ltaly —8—CGreece - - - Belgium ——UK
France = = ‘Germany Turkey

Figure. Number of acute respiratory diseases cases, according to troop nationality. UK,
United Kingdom. A color version of this figure is available online: www.cdc.gov/EID/

content/14/7/1173-G.htm
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ensure immunity for >6 years (5), no
French soldier has immunity to per-
tussis. We therefore advocate booster
vaccination before overseas cam-
paigns. Pertussis vaccination is widely
available in combination with vacci-
nation against, at minimum, diphthe-
ria and tetanus, but these combination
vaccines can only be performed once
in an adult’s life and only 2 years after
previous vaccination against diphthe-
ria or tetanus. Monovalent vaccines
against pertussis must be made more
widely available for multinational
troops in field conditions.
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Anthropogenic
Influence on
Prevalence of
2 Amphibian
Pathogens

To the Editor: Although the re-
lationship between the emergence of
zoonotic diseases and human influ-
enced landscapes is accepted (1-3),
the relationship between human-in-
fluenced landscapes and wildlife dis-
ease is less so. Evidence does support
correlations between human activities
and environmental conditions affect-
ing wildlife disease emergence (2,3).
These studies assume relationships
between component(s) of human hab-

itat modification and the virulence of
disease, and derive estimates of viru-
lence from counts of the visibly dis-
eased or those that have seroconverted
(3). This explains only part of the host
and pathogen dynamic; it seems rea-
sonable to extend the relationship to
include prevalence of infection. Data
supporting this extension are lacking.
Here we present data from a study
examining the correlations between
human influences on habitat and
prevalence of 2 amphibian pathogens
(Batrachochytrium dendrobatidis and
ranavirus FV3) in populations of Rana
clamitans in central and northeastern
Ontario, Canada.

We sampled an average of 25 ani-
mals (standard deviation + 6.16) from
11 populations during summer 2005.
We washed equipment in bleach and
air-dried equipment between visits
and sites. All animals were kept in-
dividually to avoid cross-contamina-
tion, euthanized with MS22, and as-
sessed for infection using molecular
diagnostics. We tested for ranavirus
infection of livers by amplifying the
major capsid protein using standard
PCR (4). We tested for infection with
B. dendrobatidis by using a quantita-
tive real-time PCR (5). Prevalence for
each pathogen was estimated as the
proportion of animals testing positive
at a pond.

Site coordinates were determined
by using global positioning satellite
(GPS), and 4 quantitative measures of
human habitat modification were also
assessed. GPS coordinates were used
to map sites and to measure distance
to the nearest road, industrial activity
(agriculture, mine, paper mill), and
human habitation; all measurements
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were in meters. We further assigned
a qualitative measure of human influ-
ence on each breeding pond by as-
signing ponds to each of the following
categories: 1) human presence without
human habitat modification or exten-
sive disturbance; 2) recreational ac-
tivities (fishing, boating); 3) property
development (housing or commercial
buildings); 4) agricultural activity;
and 5) industrial activity. Each of the
5 categories was assigned a 0/1 score;
scores for each pond were summed
1-5 (by definition no site scored 0
due to sampling strategy) to derive
the final measure of human influence.
We modeled the relationship between
prevalence and human habitat modifi-
cation or influence using general linear
models (GLM) with prevalence as the
dependent variable and with all human
influence variables log-transformed to
meet assumptions of normality. A type
III model structure was used to ac-
count for the influence of all explana-
tory variables in each analysis.

Eight ponds exhibited signs of FV3
infection (range 0%—-63% prevalence);
6 ponds contained frogs infected with
the amphibian chytrid (range 0%—-36%
prevalence). GLM did not show any
relationship between the prevalence of
chytrid infection and all of our explana-
tory variables (Table). In contrast, 3 of
our explanatory variables had a signifi-
cant influence of ranavirus prevalence.
Distance to industrial activity (p<0.05),
to human habitation (p<0.05), and de-
gree of human influence (p<0.01) all
had a significant effect on the depen-
dent variable (Table).

The disparity between results for
the 2 pathogens generates several pos-
sible hypotheses. First, proximity to

Table. General linear models for the relationships of amphibian emerging infectious disease prevalence and anthropogenic variables

Degrees of Ranavirus Batrachochytrium dendrobatidis
Data point freedom Mean squares F value Mean squares F value
Intercept 1 0.06 8.47 (p<0.05) 0.05 4.61 (p<0.1)
Human disturbance 1 0.24 35.35 (p<0.01) 0.0009 0.08
Distance to road 1 0.03 4.11 (p<0.1) 0.03 2.82
Distance to industry 1 0.06 8.82 (p<0.05) 0.07 5.89 (p<0.1)
Distance to housing 1 0.06 8.08 (p<0.05) 0.06 4.87 (p<0.1)
Error 5 0.01 0.01
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human activities may correlate with
the probability of pathogen introduc-
tion through introduced species (6),
fomites, or other sources of infectious
particles, with the likelihood of in-
troduction higher for ranavirus. Cer-
tainly, both pathogens are presumed to
be vectored in association with human
activities (7,8), but B. dendrobatidis
exhibits a greater host and geographic
range and thus should exhibit greater
prevalence if humans were mediating
introduction across the range of our
study. Second, human activities such
as construction and industry, may di-
rectly or indirectly influence the basic
reproductive number, R, of ranavirus
to a greater extent than for that of B.
dendrobatidis. Although ranavirus
does exhibit optimal environmental
ranges for replication and infection,
the virulence of B. dendrobatidis can
be directly influenced by the environ-
ment (2). Furthermore, infection by B.
dendrobatidis occurs through a free-
living stage; ranavirus is more likely
transmitted through direct contact,
which suggests that B. dendrobatidis
would be more sensitive to environ-
mental factors. Last, human activities
may influence host ability to mediate
immune responses that have the capa-
bility to prevent infection. Evidence
exists that amphibian host responses
to ranavirus are predominantly ac-
quired (9); those for B. dendrobatidis
may be more innate and less prone
to environmental manipulation (10).
Although the observed correlation
should be further tested and the distur-
bance index should be refined, we be-
lieve our observed pattern may reflect
the influence of human activities and
habitat modification in the dispersal
of infectious diseases. With increas-
ing evidence pointing towards the
role of emerging infectious diseases in
the decline of amphibian populations,
management plans should therefore
account for the indirect effects related
to human activities.
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Avian Influenza
Virus (H5N1)
Mortality
Surveillance

To the Editor: The highly patho-
genic strain of avian influenza virus
subtype HSN1 presents a major chal-
lenge to global public health systems.
Currently, influenza (HSN1) infection
is a zoonosis with a 60% case-fatality
rate for affected persons over 3 conti-
nents; the virus could mutate to become
directly transmissible among humans
(1). This potential for pandemic trans-
mission must be reduced through early
detection of transmission foci, followed
by rapid implementation of control
measures (2). In the following analysis,
we demonstrate that single carcasses
of birds, mostly found by members of
the public, were the primary indica-
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tors for avian influenza virus activity in
Sweden and Denmark in 2006.

Influenza virus (H5N1) is am-
plified by commercial and backyard
poultry and free-ranging birds. Wheth-
er captive birds (e.g., poultry) or wild
birds are responsible for the spread of
the virus remains a matter of debate
(3). Initial spread from Southeast Asia
before 2005 was likely the result of
transport of infected poultry because
the spread was not easily explained by
natural bird movements (4,5). Howev-
er, its spread to Western Europe in late
2005 could be explained by weather-
induced migration of waterfowl after
a freeze in Eastern Europe (6,7). Since
spreading to Sweden and Denmark in
early 2006, the virus has been detected
there in dead birds of numerous spe-
cies (Table). Detections in carcasses
of primarily free-ranging birds have
become the principal means of track-
ing spread of the virus in Europe.

To better understand how avian
mortality surveillance could be refined
for monitoring the spread of influenza
virus (H5N1), we analyzed the weekly
official reports of such detections in
Sweden and Denmark in 2006 (8).
Virus surveillance in both countries
includes both active cloacal swabbing
of free-ranging wild birds and passive
collection of tracheal swabs from bird
carcasses. For the analysis, all car-
casses of a single species collected
on | day within a single locality con-
stituted 1 record. For each record, we
evaluated whether the carcasses were
reported by a member of the public
versus a civil servant, the number of
carcasses tested, and the number of
positive detections.

Our analysis evaluated 44 records;
a total of 70 birds, of 14 species, tested
positive for the virus in 22 localities
of Sweden and Denmark. Almost all
of these records (n>40, 91%) referred
to dead birds found by members of
the public rather than civil servants.
A smaller portion than expected were
Anseriformes (i.e., ducks, geese, or
swans; n = 32, 73%). Other orders of
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birds represented were Falconiformes
(hawks, falcons; n = 8, 18%), Strigi-
formes (owls; n = 2, 5%), Podicepidi-
formes (grebes; n = 1, 2%), and Char-
adriiformes (gulls, shorebirds; n = 1,
2%). In addition, birds of other orders
tested positive in Denmark but were
excluded from the analysis for lack of
supporting data. Most (75%) of the re-
cords referred to singleton carcasses;
the remaining 25% represented mul-
tiple detections, ranging from 2 to 9
individual birds of a single species.
A majority (73%) of influenza virus
(H5N1)—positive localities hosted
solely singleton carcasses, whereas the
other 27% hosted multiple dead birds.
No virus activity was detected through
active free-ranging bird surveillance,
even though 9,260 live birds were
captured and sampled during 2006 in
Sweden and Denmark.

The pattern of virus activity ob-
served in Sweden and Denmark was un-
expected. Rather than die-offs of large
numbers of waterfowl during winter
when they congregate, small numbers
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(mainly singleton birds) were affected
late in winter, just before spring migra-
tion. During the spring breeding sea-
son, less transmission was observed.
The predictive power of detecting the
virus in free-ranging migratory birds
for forecasting poultry outbreaks or
human disease remains undetermined.
Some of these birds may have been in-
fected in areas remote from the site of
detection. However, several of the af-
fected birds in this report were either
resident nonmigratory species (eagle
owl, Eurasian magpie) or captive do-
mesticated species (muscovy, peafowl,
chicken), which indicates local trans-
mission. Health authorities will be bet-
ter prepared to prospectively minimize
transmission in new regions with early
warning provided by singleton carcass
surveillance.

Surveillance results from Sweden
and Denmark highlight the impor-
tance of public participation in avian
mortality surveillance for influenza vi-
rus (H5N1); the preponderance of de-
tections from singleton carcasses; and

Table. Bird species testing positive for highly pathogenic avian influenza virus subtype

H5N1, Sweden and Denmark, 2006*

No. carcasses positive

Avian order and species Scientific name Sweden  Denmark
Podicepidiformes (great crested grebe) Podiceps cristatus 0 1
Anseriformes
Mute swan Cygnus olor 2 4
Whooper swan Cygnus cygnus 0 3
Greylag goose Anser anser 0 1
Goose spp Anser spp. 1 0
Muscovy duck Cairina moschata 0 2
Mallard Anas platyrhynchos 1 0
Greater scaup Aythya marila 3 0
Tufted duck Aythya fuligula 25 26
Common merganser Mergus merganser 2 0
Smew Mergus albellus 1 0
Falconiformes
Common buzzard Buteo buteo 1 6
Rough-legged hawk Buteo lagopus 0 1
Peregrine falcon Falco peregrinus 0 1
Gallliformes
Common peafowl Pavo cristatus 0 1
Domestic chicken Gallus gallus 0 1
Charadriiformes (herring gull) Larus argentatus 1 0
Strigiformes (eagle owl) Bubo bubo 2 0
Passeriformes (Eurasian magpie) Pica pica 0 1
All birds 39 48
*Sources: (6,7).
. 14, No. 7, July 2008 1177
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the broad spectrum of affected spe-
cies, particularly raptors. A raptor was
the index case in Denmark (7). Cur-
rent surveillance efforts in regions free
from the virus favor investigation of
significant death events of waterfowl
and active sampling of healthy water-
fowl as the means for early detection
(e.g., 9). Many national surveillance
programs are heavily influenced by
the influenza virus (H5N1) outbreak in
2005 at Qinghai Lake in China, where
hundreds of geese, gulls, and cormo-
rants died during the breeding season
(10). However, large die-offs may be
anomalous or restricted to communal
breeding sites of waterfowl where ju-
venile birds amplify and spread the vi-
rus within the breeding colony. Testing
of public-reported singleton carcasses
provides a more sensitive and robust
means of early detection of this virus.
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Klebsiella
pneumoniae
Carbapenemase-2,
Buenos Aires,
Argentina

To the Editor: The activity of
carbapenem has been compromised
because of the emergence of carbap-
enemases (1). Since 1995, carbapenem
resistance has been identified among
77 Klebsiella pneumoniae isolates and
1 Citrobacter freundii clinical isolate

in Argentina (WHONET-Argentina
Network). However, until now, none
had produced a carbapenemase.

K. pneumoniae carbapenemase-1
(KPC-1) was first detected in a K.
pneumoniae strain isolated in North
Carolina in 2001 (1). Since that time,
several reports of KPCs worldwide
have been made, including in South
America (1). We report on KPC-2
—producing K. pneumoniae and C. fre-
undii clinical isolates in Argentina.

A 36-year-old woman with sys-
temic lupus erythematosus and chron-
ic renal failure was admitted to the
Sanatorio Mitre in Buenos Aires in
September 2006 for a kidney trans-
plant. Two months after the transplant,
intraabdominal collection obtained
during a surgical procedure yielded a
carbapenem-susceptible Escherichia
coli isolate, after which meropenem
therapy was initiated (1 g/day). After
16 days of treatment, an infection de-
veloped at the patient’s surgical site
(per US Centers for Disease Control
and Prevention criteria, available from
www.cdc.gov/ncidod/dhqp/pdf/guide
lines/SSL.pdf). C. freundii M9169
and K. pneumoniae M9171 were both
isolated from the same specimen ob-
tained from the surgical site. Because
carbapenemase production was sus-
pected, carbapenem treatment was
stopped, and the infection was treated
with local antiseptic and drainage for
20 days; the patient was discharged
from the hospital in January 2007.
Neither the patient nor her relatives or
hospital staff had been in the United
States before the emergence of these
strains.

By using disk diffusion (2) (Mu-
eller-Hinton agar and disks obtained
from Difco and BBL, respectively;
Becton, Dickinson and Co., Frank-
lin Lakes, NJ, USA), we determined
that K. pneumoniae M9171 was resis-
tant to all antimicrobial drugs except
amikacin, tetracycline (3), and tigecy-
cline (US Federal Drug Administra-
tion criteria, susceptible >19 mm ). C.
freundii M9169 remained susceptible
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to carbapenems, cefepime, ciprofloxa-
cin, aminoglycosides, chlorampheni-
col, tetracyclines, and tigecycline but
displayed resistance to ceftazidime
(CAZ), cefotaxime (CTX), nalidixic
acid, and trimethoprim-sulfamethox-
azole. When tested with an AmpC-
type B-lactamase inhibitor (4), both
strains showed synergism between
3-aminophenylboronic acid (APB,
Sigma-Aldrich, St. Louis, MO, USA)
disks and CTX, CAZ, and carbapen-
ems when placed 20 mm apart (center

to center). The same synergism was
observed for K. pneumoniae D5/07,
a reference KPC-2—producing strain
(College of American Pathologists
Quality Control Assurance Program),
but not among E. coli ATCC 25922. A
CMY-2—producing K. pneumoniae C2
control strain (5) displayed APB syn-
ergism against only CTX and CAZ,
not carbapenems.

The MICs of carbapenems (6)
(agar dilution), confirmed disk diffu-
sion results showing a >3 doubling-
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dilution decrease after the addition
of APB (300 pg/mL) for K. pneumo-
niae M9171, C. freundii M9169, and
K. pneumoniae D5/07, but not for K.
pneumoniae C2 and E. coli ATCC
25922. Clavulanate (4 png/mL) reduced
only meropenem and ertapenem, and
imipenem MICs of C. freundii M9169
and K. pneumoniae D5/07, respective-
ly (Table).

Isoelectric focusing (IEF) showed
that both isolates produced several
B-lactamases (Table), including a

Table. Antimicrobial drug susceptibility, isolectric focusing of B-lactamases and PCR of antimicrobial resistance determinants in
Klebsiella pneumoniae, Citrobacter freundii clinical isolates, Salmonella transconjugants, and recipient and control strains*

Clinical isolates

Transconjugants and recipient strains

Control strains

K.p. C.f. Salmonella  Salmonella  Salmonella K.p. K.p. E. coli ATCC
Type of testing M9171  M9169 M9204+t M9190% M1744 D5/07§ C2f 25922
MICs (pg/mL)
Antimicrobial agent
Imipenem 32 1.0 1.0 1.0 0.12 2.0 0.12 0.25
Impenem/clavulanate 32 0.25 0.25 0.25 0.12 0.5 0.12 0.25
Impenem/APB 2.0 0.12 0.25 0.12 0.12 0.12 0.12 0.25
Imipenem/EDTA# 32 0.25 1.0 1.0 0.12 2.0 0.12 0.12
Meropenem 32 1.0 0.5 1.0 0.015 2.0 0.03 0.03
Meropenem/clavulanate 32 0.12 0.03 0.06 0.015 1.0 0.03 0.03
Meropenem/APB 1.0 0.06 0.03 0.03 0.015 0.12 0.03 0.03
Meropenem/EDTA# 32 1.0 0.5 1.0 0.015 2.0 0.03 0.03
Ertapenem 128 2.0 1.0 1.0 0.008 16 0.06 0.015
Ertapenem/ clavulanate 128 0.25 0.03 0.06 0.008 16 0.06 0.008
Ertapenem/APB 8.0 0.008 0.015 0.03 0.008 0.5 0.03 0.008
Cefoxitin 64 4.0 8.0 2.0 ND ND 4
Ceftazidime 256 16 32 0.06 ND ND 0.25
Ceftazidime/clavulante 16 0.5 0.5 0.06 ND ND ND
Cefepime 32 4.0 16 16 0.03 ND ND 0.03
Cefepime/clavulanate 16 0.25 0.5 0.25 0.03 ND ND ND
Tigecycline** 1.0 0.25 ND ND ND ND ND 0.25
Isolectric focusing results
pl bandtt 54+6.7 54+ 6.7 6.7 None ND ND None
+76 6.7 +
>9.0
PCR results
B-lactamase
blaKpc + + + — + — ND
blaampc - - - - - + ND
CIT/ CIT/
CMY CMY
bIaPER.z + - - - ND ND ND
blasmv + - - - ND ND ND
bIaTEM_1 + - - - ND ND ND

*K.p., Klebsiella pneumoniae; C.f., Citrobacter freundii; E. Coli, Escherichia coli; APB, 3-aminophenylboronic acid; IEF, isoelectric focusing; pl, isoelectric

point; ND, not determined; +, positive; —, negative.

1M9204 transconjugant derived from K. pneumoniae M9171.
$M9190 transconjugant derived from C. freundii M9169.

§Control strain producing KPC-2.
{Control strain producing CMY-2.
#EDTA 0.4 mmol/L.

**Microdilution (JustOne, Trek Diagnostic Systems, Cleveland, OH, USA). Breakpoints according to US Food and Drug Administration (susceptible

<2 pg/mL).

TtUnderlined pl bands indicated activity against third-generation cephalosporins.
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common enzyme with ESBL activity
(isoelectric point [pl] 6.7 by a sub-
strate-based iodometric method) (7).
K. pneumoniae M9171 coproduced
another ESBL band at pI 5.4 (7).

Beta-lactamases were charac-
terized by PCR specific for KPC
(forward primer 5'-AACAAGGAATA
TCGTTGATG-3'; reverse primer 5'-
AGATGATTTTCAGAGCCTTA-3"),
PER-2, SHV, and TEM (7). Both
strains were PCR-positive for KPC
and TEM. PER-2 and SHV were am-
plified in K. pneumoniae M9171. Be-
cause of the APB inhibition observed,
strains were tested for plasmid-medi-
ated AmpC genes (8). The amplicon
for the CIT/CMY primers was ob-
served for C. freundii M9169 (expect-
able cross-amplification with chro-
mosomal AmpC) (Table). KPC-type
PCR product (916 bp) obtained from
K. pneumoniae M9171 was sequenced
and identified as KPC-2 (1).

A wild-type Salmonella clinical
isolate (M1744) was chosen for con-
jugational purpose because it naturally
lacks AmpCs. Conjugation resulted in
the transfer to M1744 of penicillins
and third-generation cephalosporin
resistance from both clinical isolates
(frequency 10 to 103, when selected
with ampicillin [50 pg/mL] in Salmo-
nella-Shigella medium). Transcon-
jugants showed the acquisition of an
~70-kb plasmid, which was present in
both clinical isolates (9). Transconju-
gants displayed an APB double-disk
augmentation trait, further observed
by MIC. Only the KPC enzyme was
transferred (unique band at pl 6.7) by
IEF, which was confirmed by PCR.
The absence of plasmid-mediated
AmpC genes was confirmed by PCR
(Table). No other resistances to non—
B-lactam agents were cotransferred.

Carbapenemase activity of crude
extracts was measured at 30°C by fol-
lowing 0.4 mmol/L imipenem or er-
tapenem hydrolysis at 300 nm in 10
mmol/L HEPES (pH 7.5). Addition of
4 mmol/L APB resulted in inhibition
of carbapenemase activity of K. pneu-
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moniae M9171, C. freundii M9169,
both transconjugants, and K. pneumo-
niae D5/07, but not a VIM-11 control
run in parallel (10).

This study identified KPC
B-lactamase, which was possessed by
2 strains recovered from 1 patient, in
Argentina. Detection of this carbap-
enemase could become cumbersome
because carriage of these genes does
not always confer obvious resistance.
Moreover, an unusual phenotype was
observed in this study; boronic inhibi-
tion was associated with the sole pres-
ence of KPC. Microbiologists should
be aware of cross-reactions (syner-
gism) between APB and KPC that
could lead to the false assumption of
AmpC-type PB-lactamase production,
thereby underestimating the presence
of this carbapenemase.
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As the title suggests, this book
covers relevant topics on foodborne
diseases. Most chapters are descrip-
tive, updated, and, given likely page-
length limitations, concise. Of 21
chapters, 6 cover selected foodborne
bacterial pathogens: Escherichia coli,
Listeria monocytogenes, Clostridium
botulinum and C. perfringens, Yersin-
ia enterocolitica and Y. pseudotuber-
culosis, pathogenic Vibrio spp., and
Enterococcus spp.

Two chapters discuss viral patho-
gens such as hepatitis and gastroen-
teric viruses. Four chapters focus on
parasites: Cryptosporidium spp., Cy-
clospora spp., Giardia spp., and Toxo-
plasma gondii. Other chapters address
aflatoxins; scombroid fish poisoning;
food management, including hazard
analysis and critical control point pro-
grams; antimicrobial agents in food-
animal production; alternatives to an-
timicrobial drugs; and microbial risk
assessment. Additional chapters also
review new trends for control of food-
borne pathogens (food irradiation and
other sanitation procedures) and mo-
lecular techniques for detecting and
identifying foodborne pathogens and

their toxins. The last chapter considers
future directions of food safety.

One limitation of the book is the
lack of thorough discussion of other
relevant foodborne pathogens, such
as Salmonella spp., Shigella spp.,
Campylobacter spp., Bacillus spp.,
Staphylococcus  spp., Enterobacter
sakazakii, and Aeromonas spp. These
bacteria are important foodborne
pathogens worldwide, and although
they are briefly mentioned in other
chapters, much more consideration is
warranted (1,2).

For example, in 2006, in the
United States, 5,712 cases of Campy-
lobacter infection and 6,655 cases of
Salmonella infection were document-
ed. Campylobacter spp. are the most
frequently diagnosed causes of gas-
troenteritis in the United States, and
~80% of cases are foodborne. Recent
well-publicized foodborne outbreaks
in the United States have been asso-
ciated not only with E. coli O157:H7,
but with Salmonella spp. as well. A
multistate outbreak of S. Typhimu-
rium infections associated with toma-
toes accounted for 14% of the cases in
2006. S. Newport accounted for 9.2%
of the cases. In 2007, >400 cases of
S. Tennessee infection were attributed
to consumption of peanut butter. E.
sakazakii has caused fatal infections in
neonates who were fed contaminated
infant formula; this pathogen pres-
ents particular challenges to the food
industry. In addition, no mention was
made of helmintic infections, which
also can be associated with foods.

BOOKS & MEDIA

If page limitations were an issue,
the 4 chapters dedicated to parasitic
infections could have been condensed
to 2, and bacterial pathogens could
have been emphasized. This would
have been doable because 3 of the 4
parasite chapters were written by the
same senior author in collaboration
with others.

Overall, several relevant topics on
foodborne diseases are sufficiently de-
scribed in this book, and credit should
be given to the chapter contributors
who provided adequate information
on their respective topics. This is a
very good reference book for health
departments, the food industry, and
academia.

Ynes R. Ortega*
*University of Georgia, Griffin, Georgia,
USA

DOI: 10.3201/eid1407.080346
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ANOTHER DIMENSION

Husband

Connie Smith Watson

She always brushed her hair back

Sternly, twisting one small knot about the

crown.
He did not like the plain, broad brow.

“I hate that tightness,” he would mutter to
himself.

But sometimes he would stoop to kiss her
forehead

And at midnight, hesitatingly, her lips,

Surprised each time the way her arms

would reach for him.

When little Thomas had diphtheria at two,
Her back was hourly bent above the crib,
And one day as he stood beside her

He too bent, drawn helplessly, and

Kissed the tender whiteness of her neck,
The unruly tendrils capturing his lips.
With frost-cracked palm he stroked

Her disciplined small head,

And never thought to mutter any more.

Mrs. Watson has been writing poetry and prose for more
than 70 years. Her poetry has won numerous awards,
including the Editor’s Choice Award from the Georgia
State Poetry Society, and has been featured in publica-
tions including Home Life, Leatherneck, and Writer’s
Digest. She resides in Fitzgerald, Georgia.
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Anne Adams (1940-2007). Pi (1998). Gouache on paper. Used with permission of Robert A. Adams.

“Much Madness is Divinest Sense”

—Emily Dickinson

Polyxeni Potter*

(X4 And yet I still had so much music in my head,” la-
mented Maurice Ravel (1875-1937) near the end of
his life (1). The French composer was frustrated by symp-
toms of an undiagnosed neurologic disorder that interfered
with his ability to move, speak, or express creative ideas.
Now labeled primary progressive aphasia-related illness,
the disorder also marked the life and art of Anne Adams.

A native of Canada, Adams was educated in the scienc-
es and excelled in physics and chemistry, which she taught
at the college level. During an interval from academe, she
raised her four children then returned to the sciences at age
35 as a student of cell biology, professor, and researcher. At
age 46, she left again, this time to nurse her son who had
been injured in an automobile wreck. The injury resolved
much faster than anyone expected, but Adams decided not
to return to science but pursue other interests. A lover of
music and the arts, she had dabbled with painting in her
earlier years, mostly architectural drawing and watercolor
in a classical style.

Over the next few years, she became increasingly ab-
sorbed with art, devoting all her days to work in her studio.
Her style and technique evolved rapidly, and she started
experimenting, particularly with expression of sounds as

*Centers for Disease Control and Prevention, Atlanta, Georgia,
USA

DOI: 10.3201/eid1407.000000
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visual forms. She interpreted musical scores and converted
them to colorful images (Rondo alla Turquoise, Rhapsody
in Blue). She became fascinated with the music of Mau-
rice Ravel, particularly his one-movement orchestral piece
Boléro.

“Don’t you think this theme has an insistent quality?”
Ravel asked his friend Gustave Samazeuilh as he fingered
the initial melody on the piano, “I’m going to try and repeat
it a number of times without any development, gradually
increasing the orchestra as best I can” (2). This he did. Two
melodic themes were repeated eight times over 340 bars.
Volume and instrumentation increased along with two al-
ternating staccato bass lines. There was no key change until
the 326th bar, when the piece accelerated into a collapsing
finale (3). The result was haunting and infectious, an exer-
cise in compulsion, some said perseveration.

Ravel wrote this his best-known composition while on
vacation in the south of France. He was 53. Though the
musical scores were marred with spelling errors, he was not
yet incapacitated by illness. The success of Boléro, which
he had assessed as “a piece for orchestra without music,”
surprised him. During the premier of the work, a woman
was said to exclaim that the composer was mad. Ravel later
remarked that she must have understood the piece (4).

Anne Adams knew nothing of Ravel’s illness or her
own. But at age 53, she started to work on the painting Un-
raveling Boléro, a visual analysis of Ravel’s composition.

1183



ABOUT THE COVER

She transformed the music into colorful figures, one for
each bar. Highly structured and rendered with meticulous
detail, they resembled spiky space-age lace hung out to
dry in neat monotonous rows. The height of figures cor-
responded with volume, the shape with note quality, the
color with pitch.

In Pi, on this month’s cover of Emerging Infectious
Diseases, painted when Adams was 58 and before any
symptoms of language loss, she moved away from translat-
ing music toward abstraction. At the peak of her creativity,
she painted mathematical concepts. And it is not surpris-
ing that she chose to paint m, one of the most mysterious
and recognizable numbers, even to those who have long
forgotten what it represents or how frequently it turns up
in science and nature. Inside an iconic border summarizing
the history of n, Adams portrayed a 32- x 46-digit portion
in a matrix of the first 1,471 digits (plus the decimal point).
With white, black, and component colors of the white light
spectrum marking each integer from 0 to 9, she tried to
capture the randomness of ©’s expansion.

Loss of language (difficulty with grammar, syntax, ar-
ticulation, speech) and motor function (declining muscle
control), main symptoms of Adams’ (and Ravel’s) illness,
have long been known to neurologists as the result of le-
sions on the left frontal lobe. What was extraordinary in
these two cases was the simultaneous increase in capabili-
ties of the posterior right region of the brain. Ravel died at
62 of complications after neurosurgical treatment, Adams
at 67 of aspiration pneumonia brought on by severe motor
and respiratory decline.

Neuropathy, with its dreaded sequelae, is a common
prospect for an aging population, and not only as it relates
to primary progressive aphasia. Meningitis, the scourge of
children and youth as well as the immunocompromised,
has multiple infectious causes and disastrous outcomes
when left undiagnosed and untreated. The epidemiology of
bacterial meningitis around the world keeps evolving, im-
peding vaccine development (5). Illness caused by emerg-
ing pathogens (e.g., Rickettsia felis) is likely underreported
(6). Meanwhile interspecies hybrids of pathogenic yeasts

that can cause meningoencephalitis (e.g., Cryptococcus
neoformans and C. gattii) are now found in patients with
weakened immune systems (7).

Unlike Adams and Ravel, most patients with neuro-
logic disorders experience no unusual creative powers.
They face a degenerative clinical course and early death.
But the spark of genius, even when ignited by illness, may
shed light on unexplored areas of the mind, although how
the brain supports the creative process remains as much a
mystery as .

Mathematicians and artists alike have turned to repeti-
tion and exquisite detail in their search for perfection. And
so have public health researchers. Exhaustive reporting and
integration of surveillance data can identify specimens for
genetic analysis and clarify variants associated with sus-
ceptibility to central nervous system disease (8).
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Isolation and Molecular Characterization of Banna Virus
from Mosquitoes

Oseltamivir Prescribing, United States, 2004—2005

Cluster of Falciparum Malaria Cases in UK Airport

Circulation of European Bat Lyssavirus Type 1 in Serotine Bats
Henipavirus Infection in Fruit Bats (Pteropus giganteus), India

Hemolytic Uremic Syndrome—associated Enterohemorrhagic
Escherichia coli

Macrolide-Resistant Shigella sonnei

Complete list of articles in the August issue at
http://www.cdc.gov/eid/upcoming.htm

Upcoming Infectious
Disease Activities

August 5 -15, 2008

IUMS 2008

Meetings of the Three Divisions of the
International Union of Microbiological
Societies

[stanbul, Turkey
http://www.iums2008.org/

October 30-November 1, 2008
Ninth International Molecular
Epidemiology and Evolutionary
Genetics of Infectious Diseases
Meeting (MEEGID IX)

University of California at Irvine
Irvine, CA, USA
http://www.th.ird.fr/site_meegid/
menu.htm

Announcements

To submit an announcement, send an email message
to EIDEditor (eideditor@cdc.gov). In 50-150 words,
describe timely events of interest to our readers. In-
clude the date of the event, the location, the sponsoring
organization(s), and a website that readers may visit or
a telephone number or email address that readers may
contact for more information.

Announcements may be posted on the journal Web
page only, depending on the event date.
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The Public Health
Image Library (PHIL)

The Public Health
Image Library
(PHIL), Centers for
Disease Control
and Prevention,
contains thousands
of public health-
related images, including high-resolution
(print quality) photographs, illustrations,
and videos.

PHIL collections illustrate current events
and articles, supply visual content for
health promotion brochures, document
the effects of disease, and enhance
instructional media.

PHIL Images, accessible to PC and
Macintosh users, are in the public
domain and available without charge.

Visit PHIL at http://phil.cdc.gov/phil
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Earning CME Credit

To obtain credit, you should first read the journal article. After reading the article, you should be able to answer the
following, related, multiple-choice questions. To complete the questions and earn continuing medical education (CME)
credit, please go to http://www.medscape.com/cme/eid. Credit cannot be obtained for tests completed on paper, although
you may use the worksheet below to keep a record of your answers. You must be a registered user on Medscape.com. If
you are not registered on Medscape.com, please click on the New Users: Free Registration link on the left hand side of
the website to register. Only one answer is correct for each question. Once you successfully answer all post-test ques-
tions you will be able to view and/or print your certificate. For questions regarding the content of this activity, contact
the accredited provider, CME@medscape.net. For technical assistance, contact CME@webmd.net. American Medical
Association’s Physician’s Recognition Award (AMA PRA) credits are accepted in the US as evidence of participation in
CME activities. For further information on this award, please refer to http://www.ama-assn.org/ama/pub/category/2922.
html. The AMA has determined that physicians not licensed in the US who participate in this CME activity are eligible
for AMA PRA Category 1 Credits™. Through agreements that the AMA has made with agencies in some countries, AMA
PRA credit is acceptable as evidence of participation in CME activities. If you are not licensed in the US and want to
obtain an AMA PRA CME credit, please complete the questions online, print the certificate and present it to your national
medical association.

Article Title
Alcaligenes xylosoxidans Bloodstream Infections in Outpatient Oncology Office

CME Questions

1. Which of the following statements about Alcaligenes 3. Which of the following factors was most different in

xylosoxidans is most accurate? comparing case-patients and control groups in the current

A. A xylosoxidans is gram-positive study?

B. A. xylosoxidans is hydrophobic A. Case-patients with A. xylosoxidans infection had a lower

C. A xylosoxidans is associated with healthcare-associated mean white blood cell count compared with controls

infections B. Case-patients with A. xylosoxidans infection were more likely

D. A xylosoxidans is found only in soil to have a central venous catheter compared with controls
C. Case-patients with A. xylosoxidans infection had a greater

2. Which of the following statements about the clinical number of intravenous medications administered compared

presentation of A. xylosoxidans infection in the current study with controls

is most accurate? D. Case-patients with A. xylosoxidans infection had more

A. No patients with A. xylosoxidans infection were underlying diseases compared with controls

immunocompromised
B. Patients with A. xylosoxidans were homogeneous with regard 4. Which of the following sources was most likely the primary

to age and clinical diagnosis reservoir of A. xylosoxidans in the current study?
C. Patients with A. xylosoxidans infection had symptoms that A. Tap water

were attributed to side effects of chemotherapy B. Mixing hood
D. Only 10% of patients with A. xylosoxidans infection were C. Hospital personnel

successfully treated with antibiotics D. Multidose vials of heparin and saline flushes

Activity Evaluation

1. The activity supported the learning objectives.

Strongly Disagree Strongly Agree
1 2 3 4 5
2. The material was organized clearly for learning to occur.
Strongly Disagree Strongly Agree
1 2 3 4 5
3. The content learned from this activity will impact my practice.
Strongly Disagree Strongly Agree
1 2 3 4 5
4. The activity was presented objectively and free of commercial bias.
Strongly Disagree Strongly Agree
1 2 3 4 5
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Emerging Infectious DiseasesSisa peer-reviewed journal established expressly to promote the recognition of new and
reemerging infectious diseases around the world and improve the understanding of factors involved in disease emergence, prevention, and elimination.

The journal is intended for professionals in infectious diseases and related sciences. We welcome contributions from infectious disease specialists in
academia, industry, clinical practice, and public health, as well as from specialists in economics, social sciences, and other disciplines. Manuscripts in all
categories should explain the contents in public health terms. For information on manuscript categories and suitability of proposed articles see below and

visit www.cdc.gov/eid/ncidod/ EID/instruct.htm.

Emerging Infectious Diseases is published in English. To expedite publication, we post articles online ahead of print. Partial translations of the journal
are available in Japanese (print only), Chinese, French, and Spanish (www.cdc. gov/ncidod/ElD/trans.htm).

Instructions to Authors

MANUSCRIPT PREPARATION. For word processing, use MS Word. List the fol-
lowing information in this order: title page, article summary line, keywords, ab-
stract, text, acknowledgments, biographical sketch, references, tables, figure
legends, appendixes, and figures. Each figure should be in a separate file.

Title Page. Give complete information about each author (i.e., full name,
graduate degree(s), affiliation, and the name of the institution in which the
work was done). Clearly identify the corresponding author and provide that
author’s mailing address (include phone number, fax number, and email ad-
dress). Include separate word counts for abstract and text.

Keywords. Include up to 10 keywords; use terms listed in Medical Subject
Headings Index Medicus.

Text. Double-space everything, including the title page, abstract, refer-
ences, tables, and figure legends. Indent paragraphs; leave no extra space
between paragraphs. After a period, leave only one space before beginning
the next sentence. Use 12-point Times New Roman font and format with
ragged right margins (left align). Italicize (rather than underline) scientific
names when needed.

Biographical Sketch. Include a short biographical sketch of the first au-
thor—both authors if only two. Include affiliations and the author’s primary
research interests.

References. Follow Uniform Requirements (www.icmje.org/index.html).
Do not use endnotes for references. Place reference numbers in parenthe-
ses, not superscripts. Number citations in order of appearance (including in
text, figures, and tables). Cite personal communications, unpublished data,
and manuscripts in preparation or submitted for publication in parentheses in
text. Consult List of Journals Indexed in Index Medicus for accepted journal
abbreviations; if a journal is not listed, spell out the journal title. List the first
six authors followed by “et al.” Do not cite references in the abstract.

Tables. Provide tables within the manuscript file, not as separate files. Use
the MS Word table tool, no columns, tabs, spaces, or other programs. Footnote
any use of boldface. Tables should be no wider than 17 cm. Condense or di-
vide larger tables. Extensive tables may be made available online only.

Figures. Provide figures as separate files, not embedded in MS Word.
Use Arial font for text content. Place keys within figure area. Provide foot-
notes and other information (e.g., source/copyright data, explanation of bold-
face) in figure legend. Submit figures with text content in native, editable, PC
file formats (e.g., MS Excel/PowerPoint). Submit image files (e.g., electro-
micrographs) without text content as high-resolution (300 dpi/ppi minimum)
TIFF or JPG files. Submit separate files for multiple figure panels (e.g., A, B,
C). EPS files are admissible but should be saved with fonts embedded (not
converted to lines). No PNG or BMP files are admissible. For additional guid-
ance, contact fue7@cdc.gov or 404-639-1250.

MANUSCRIPT SuBMissION. Include a cover letter indicating the proposed
category of the article (e.g., Research, Dispatch) and verifying that the final
manuscript has been seen and approved by all authors. Complete provided
Authors Checklist. To submit a manuscript, access Manuscript Central from
the Emerging Infectious Diseases web page (www.cdc.gov/eid).

Types of Articles

Perspectives. Articles should be under 3,500 words and should include
references, not to exceed 40. Use of subheadings in the main body of the
text is recommended. Photographs and illustrations are encouraged. Pro-
vide a short abstract (150 words), a one-sentence summary of the conclu-
sions, and a brief biographical sketch. Articles in this section should provide
insightful analysis and commentary about new and reemerging infectious
diseases and related issues. Perspectives may also address factors known
to influence the emergence of diseases, including microbial adaptation and
change, human demographics and behavior, technology and industry, eco-
nomic development and land use, international travel and commerce, and
the breakdown of public health measures. If detailed methods are included,
a separate section on experimental procedures should immediately follow
the body of the text.

Synopses. Articles should be under 3,500 words and should include ref-
erences, not to exceed 40. Use of subheadings in the main body of the text
is recommended. Photographs and illustrations are encouraged. Provide a
short abstract (150 words), a one-sentence summary of the conclusions,
and a brief biographical sketch. This section comprises concise reviews of
infectious diseases or closely related topics. Preference is given to reviews
of new and emerging diseases; however, timely updates of other diseases or
topics are also welcome. If detailed methods are included, a separate section
on experimental procedures should immediately follow the body of the text.

Research Studies. Articles should be under 3,500 words and should in-
clude references, not to exceed 40. Use of subheadings in the main body
of the text is recommended. Photographs and illustrations are encouraged.
Provide a short abstract (150 words), a one-sentence summary, and a brief
biographical sketch. Report laboratory and epidemiologic results within a
public health perspective. Explain the value of the research in public health
terms and place the findings in a larger perspective (i.e., “Here is what we
found, and here is what the findings mean”).

Policy and Historical Reviews. Articles should be under 3,500 words
and should include references, not to exceed 40. Use of subheadings in the
main body of the text is recommended. Photographs and illustrations are
encouraged. Provide a short abstract (150 words), a one-sentence summary
of the conclusions, and a brief biographical sketch. Articles in this section
include public health policy or historical reports that are based on research
and analysis of emerging disease issues.

Dispatches. Articles should be no more than 1,200 words and need not
be divided into sections. If subheadings are used, they should be general,
e.g., “The Study” and “Conclusions.” Provide a brief abstract (50 words); ref-
erences (not to exceed 15); figures or illustrations (not to exceed 2); tables
(not to exceed 2); and a brief biographical sketch. Dispatches are updates
on infectious disease trends and research. The articles include descriptions
of new methods for detecting, characterizing, or subtyping new or reemerg-
ing pathogens. Developments in antimicrobial drugs, vaccines, or infectious
disease prevention or elimination programs are appropriate. Case reports
are also welcome.

Commentaries. Thoughtful discussions (500-1,000 words) of current
topics. Commentaries may contain references but no figures or tables.

Another Dimension. Thoughtful essays, short stories, or poems on philo-
sophical issues related to science, medical practice, and human health. Top-
ics may include science and the human condition, the unanticipated side of
epidemic investigations, or how people perceive and cope with infection and
illness. This section is intended to evoke compassion for human suffering
and to expand the science reader’s literary scope. Manuscripts are selected
for publication as much for their content (the experiences they describe) as
for their literary merit.

Letters. Letters commenting on recent articles as well as letters reporting
cases, outbreaks, or original research are welcome. Letters commenting on
articles should contain no more than 300 words and 5 references; they are
more likely to be published if submitted within 4 weeks of the original article’s
publication. Letters reporting cases, outbreaks, or original research should
contain no more than 800 words and 10 references. They may have 1 figure
or table and should not be divided into sections. All letters should contain
material not previously published and include a word count.

Books, Other Media. Reviews (250-500 words) of new books or other
media on emerging disease issues are welcome. Name, publisher, number
of pages, other pertinent details should be included.

Announcements. We welcome brief announcements (50-150 words) of
timely events of interest to our readers. (Announcements may be posted
online only, depending on the event date.)

Conference Summaries. Summaries of emerging infectious disease
conference activities are published online only. Summaries, which should
contain 500-1,000 words, should focus on content rather than process and
may provide illustrations, references, and links to full reports of conference
activities.



