SCREENING
Martin J. Sepulveda

Desirable teatures of a detection program
for early cancer includce a high prevalence of de-
tectable pre-clinical disease in the target popu-
lation and a treatment regime for screen-detected
cancer stage that is more cffective than therapy
at later stages. Moreover, screening procedures
should cxhibit high degrees of sensitivity and
specificity. Screening must be considered a com-
posite of the actual testing program as well as
the consequences resulting from the outcome of
each screening procedure. As such, early cancer
detection programs arc associated with many
direet and indirect costs, such as screening,
definitive diagnosis, treatment, follow-up and
fost earnings, which ought to be reasonable in
relation to total health expenditures and antic-
ipated health benefits (3).

Changes in morbidity and mortality are po-
tential indices for the assessment of benefit from
screening. Of these, mortality is preferred owing
to its objectivity and easy measurement, Case
survival is frequently used to assess benefit from
screening, but it is an unacceptable evaluation
measure if uncorrected for the specific biases 10
which it is susceptible. Increased case survival
may reflect advancement of diagnosis by screen-
ing (fcad time hias) or bias toward slower-growing,
less malignant tumors {length bias) rather than
a true postponement of death (4)(2)(10). Selec-
tion and obscrvation biases are additional non-
random factors which may influence any index
of benefit assessment.

Clinical trials in lung cancer screening have
emploved chest roentgenograms, alone or in
combination with sputum cytology. Thesc have
shown the chest radiograph to be more scnsitive
than sputum cytologic examination. Its sensi-
tivity, nonetheless, is low (24-82%} as it is only
capable of detecting lesions at least onc centi-
meter large (7)(11). In constrast, sputum cvtology
may be slightly more specitic than the chest X-ray.
There appears 1o be little overlap, however, bet-
ween thesc tests in lung cancer screening. Chest

radiographs arc of grecater benefit in the detec-
tion of peripheral tumors and sputum cytology
tends to identify radiographically occult central
or hilar malignancies {7X6X5X9).

Studies employing onc or both of these tests
at variable intervals have established that: first,
more lung cancers are discovered in screened ver-
sus nonscreencd groups; second, screen-detected
neoplasms exhibit a greater shifl toward early
stage tumors; and third, case survival tends to
be greater among those with screen-detected
malignancies {7)(6){(12)(9). A screen-discovered,
early lesion with increased case survival, however,
does not necessarily equal a cancer cured or a
death postponed. The desired outcome of lung
cancer screening is usually the demonstration of
a reduoction in mortaliry. To date no clinical trial,
including the ongoing National Cancer Institute
randomized studies, has shown that screening for
lung cancer accomplishes this goal. While detec-
tion programs have not been adequately examin-
ed in high risk occupational groups, onc ¢can ex-
pect that such a population will only exhibit an
increased prevalence of detectable pre-clinical
disease rather than provide a different outcome.
Caution must be exercised, therefore, in the com-
mitment of increasingly scarce resources to large
scale routine screening for lung cancer—given
present knowledge.
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INFECTIOUS DISEASE






INHALATION ANTHRAX
Philip 8. Brachman

DEFINITION

Anthrax is a zoonotic disease caused by
Baciflus anthracis, which in humans has three
primary forms: cutaneous, inhalation, and gas-
trointestinal. In the United States, over 95% of
reported cases have been the cutaneous form and
5% the inhalation form; no adequately docu-
mented cases of the gastrointestinal {form have
been reported (2). Since 1955 approximately 30%
of the cases have been industry related and 20%
agriculture related.

Inhalation anthrax is an acute disease of
humans resulting from the inhalation of B.
anthracis spores with the subsequent develop-
ment of hemorrhagic mediastinitis, toxemia, and
septicemia; it is usually fatal. Cases are either
directly or indirectly related to an industry which
processes B. anthracis contaminated animal
products {3). The disease has been called wool-
sorters’ disease because historically it was usually
an occupational disease involving workers who
sorted wool and less frequently goat hair (10).
However, workers who became ill were, for the
most part, sorting imported goat hair when they
became infected. At times the disease s referred
to as pulmonary anthrax. This implies that the
disease is primarily a disease of the lungs and
this is incorrect. There can be secondary involve-
ment of the lungs, but the primary involvement
is of the mediastinal lymphatic system.

CAUSATIVE AGENT

The disease is caused by B. anthracis, a
gram-positive, spore-forming bacillus that grows
well on ordinary laboratory media (i.e., 5%
human blood agar), has distinctive growth char-
acteristics, and can be further identified by
susceptibility to B. anthracis bacteriophage and
fluorescent-antibody staining., Characteristically,
the organism forms spores which are moderately
resistant to destruction; the ability of these spores
to remain viable for many years in soil and the

industrial environment is an important [actor in
the epidemiology of anthrax.

OCCUPATIONS AT HIGH RISK

Inhalation anthrax has occurred among in-
dividuals employed in industries in which
aerosols contaminated with B. anrhracis are
generated by the processing of imported goat
hair, woel, and hair from various other animals
(including horses and alpacas), as well as hides,
skins, and dried bones. In the United States, goat
hair imported from Asian countries has caused
the most cases of inhalation anthrax. The maost
frequent use of goat hair is in preparation of
thread which Is woven into a hair cloth inter-
lining used in clothing. Goat hair may also be
processed into a felt material used as under-
padding in the carpet industry, as insulation
material in the plumbing industry, and as polish-
ing wools, saddle pads, and washers. Jobs most
frequently associated with inhalation anthrax
have been those that expose workers to the early
stages of the goat hair processing cycle—specifi-
cally persons who either sort goat hair or work
in the picking, blending, carding, or combing
departments. The fine hair from Angora goats
which may be contaminated with B. aathracis
is used to knit sweaters; the contaminated wools
are usually the coarser wools used in the prepara-
tion of carpet yarn. Hides and skins are processed
in the tanning industry for leather goods. Dried
animal bones are processed into gelatin, fer-
tilizer, glue, or chemicals. Disease may also
develop as a result of laboratory exposure.

EPIDEMIOLOGY

Among the 17 cases of inhalation anthrax
reported since 1900, the source of B. anthracis
in 9 is presumed to have been imported goat hair.
Three cases had tanneries as their source; two
of these three cases had contact with the same
tannery in which imported goat skins were pro-
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cessed. One person is presumed to have been in-
fected through contact with imported wool, one
with rugs, and one from exposure in a bacteri-
ology laboratory in which B. anthracis had been
handled. For two persons, the source is unknown,
though one, a housewife, lived near a goat hair
processing plant and approximately two miles
from the tannerv mentioned above that been
associated with two cases.

In the reported cases in which goat hair was
the source of infection, the hair originated in one
of several Asian countries in which anthrax was
endemic among goats. Hair (or wool) is either
pulled from the carcasses of goats that have died
of anthrax or is clipped from living animals and
becomes infected in the environment either from
the soil or as a result of being washed in water
with other hair that is already contaminated. Ad-
ditionally, the mixing of hair from many animals
into bales allows contamination to spread to
previously noninfected hair. One report assoc-
iates contamination with the presence of dried
animal blood on the hair fibers.

Aerosols generated by processing the con-
taminated, raw animal fibers are heaviest in the
early production stages and result from blending
various goat hairs and other animal and synthetic
fibers by hand as well as by mechanical agitation
of the fibers (8). As the material is processed,
the degree of contamination with B. anthracis
decreases because of the loss of much of the
material extrancous to the hair fiber and the con-
tinual dilution of goat hair fibers with other
animal or synthetic fibers. By the time the thread
has been produced, the degree of contamination
with B. anthracis is very low, The spun thread
is then used in weaving the final product, the
haircloth interlining. If insulation material, felt,
or saddle pads are the final products, the level
of contamination with B. gnzhracis is influcnced
by the dilution of the goat hair fibers with other
fibers.

Contamination can be evaluated by bacteri-
ologic examination of the raw or processed
materials by using common laboratory materials
and culture procedures (2). A culture survey of
the environment of a mill—done with saline
moaistened swabs and floor sweepings—can be
useful in demonstrating the degree of enviran-
mental contamination (quantitative and quali-
tative) which usually parallels the contamination
level of the animal product being processed in
that specific area of the plant. The gradual
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decrease in B. anthracis contamination of the
fiber, and of the environment as the fiber is pro-
cessed, parallels the gradually decreasing risk of
infection with B. anthracis.

Only one epidemic of inhalation anthrax has
been reported in the United States, and it occur-
red in 1957 in a goat hair processing mill in Man-
chester, New Hampshire. A total of nine cases
of anthrax resulted; five cases were inhalation an-
thrax and four of these were fatal (7). The re-
maining four cases were cutaneous infections.
This mill processed goat hair imported primari-
ly from Pakistan. The employees who developed
inhalation anthrax worked in carding (2}, com-
bing (2), and weaving (1) departments. In order
to investigate the levels of airborne contamina-
tion that naturally occur in these mills, 91
primates (cynomolgus monkeys) were exposed 10
the air in a goat hair processing mill similar to
the New Hampshire mil! (5). The monkeys had
a 10%-25% mortality rate caused by inhalation
anthrax from a calculated inhaled dose of
1,000-5,500 B. anthracis organisms over 3-5 days.
Gross and microscopic examination of (heir
tissues revealed findings similar to that for
humans who developed inhalation anthrax after
industrial exposure to similar B. anthracis-
coniaining aerosois.

The predominance of cases associated with
goat hair may reflect differences in the degree
of contamination in the imported hair as com-
pared to wool or hides, or differences in the
methods of processing the raw materials with
resulting qualitative or quantitative differences
in the derivative aerosols. Variations in exposure
risk among various industrial groups may also
reflect the number of persons exposed to these
materials.

While the majority of cases have occurred
in individuals heavily exposed to industrial aero-
sols, several cases have had minimal exposure.
One case was diagnosed in an individual who
walked by the open door of the receiving area
of a tannery in which contaminated hides were
being handled (6). Subsequent to his death, en-
vironmental sampling in the receiving area of the
tannery demonstrated the presence of B, an-
thracis. It has been hypothesized that as he
walked by the tannery, he inhaled an aerosol
containing B, anthracis that was generated in the
receiving area of the tannery. This man had
Boeck’s sarcoidosis and was on low doses of
steroids art the time of his fatal illness. Another



case of inhalation anthrax had been associated
with this particular tannery six ycars earlier.

An unusual case of inhalation anthrax oc-
curred in a home crafisman who was handling
imported goat hair yarn which subsequently was
shown to be contaminated with B. anthracis (14).
Evidently, while handling the yarn, he inhaled
an infecting dose of B. anthracis.

The possibility of subclinical infections has
been discussed in a paper describing seralogic
studies among employees exposed to B. anthracis
in a goat hair processing mill {11). The authors
verified the presence of what was interpreted as
significant titers to B. anthracis among employees
who had no history of a clinical anthrax infec-
tion; therefore, they suggested the employees
may have had subclinical infections.

POPULATION AT RISK AND
PREVALENCE OF DISEASE

The population at risk includes workers in
industries that process imported animal prod-
ucts, including goat hair, wool, hides, skins, and
dried bones. The products are imported pri-
marily from Asian, Middle Eastern, and African
countries. There are no estimates of the risk of
inhalation anthrax alene according to the coun-
try of origin of the raw materials or the amount
of raw material processed. However, a few studies
have been reported describing these associations
for cutancous anthrax alone or cutaneous and
inhalation anthrax together. Wolff and Heimann
rated imported animals by risk of cutaneous an-
thrax according to the source {country) of the
animal materials (15). They reported that goat
hair and skins and carpet wools originating from
most parts of Asia and those from Northern
Africa and Southern Europe were most likely
contaminated with B. anthracis. In England, it
was estimated that before 1914 about one case
of anthrax occurred for every onc million pounds
of imported East India goat hair processed in
English mills (16). There are probably fewcr than
5,000 industrial workers currently exposed to
these potentjally contaminated materials. The
number of individuals exposed has been gradually
decreasing over the past vears because of the
increased use of synthetic materials and a reduced
demand for goat hair and woolen products.
Additionally, improved working conditions and
the use of an anthrax vaccine primarily among
goat hair workers has also helped reduce the risk
of anthrax (4).

Only 17 cases of inhalation anthrax have
been reported in the United States since 1900
with 11 of thesc having occurred since 1955,

PATHOLOGY

Airborne particles of <S§ u bearing B. an-
thracis are inhaled, passed through the respira-
tory tract, and deposited in the terminal respira-
tory alveoli where they are phagocytized by alve-
olar microphages and transported across the
pulmonary membrane to the hilar and tracheo-
bronchial lymph nodes. In this location, the
spores germinate, multiply, and produce a po-
tent toxin with resultant toxemia. Bacteremia can
develop when bacilli are deposited in multiple
organs throughout the body. A characteristic
hemorrhagic, edematous, necrotic mediaslinitis
develops; this may compress the vascular and
respiratory structures and cause significant res-
piratory distress (1). Widcspread capillary throm-
bosis, particularly in the lung and kidney, is an
important factor that leads to death. This throm-
bosis is secondary to endothelial damage pro-
duced by the anthrax toxin (9).

CLINICAL DESCRIPTION
Symptoms

The incubation period is from ong to five
days. The discase is hiphasic, with the initial
phase consisting of nonspecific sympiloms of a
mild upper respiratory tract infection, including
malaisc, mvalgia, fatigue, mild fever, nonpro-
ductive cough, and, infrequently, a sensation of
precordial oppression (12). After two to four days
the patient may show signs of improvement. This
is followed within 24 to 48 hours by the sudden
development of severe respiratory distress with
dyspnea, cyanosis, stridor, profuse diaphoresis,
and shock. Death usually occurs within 24 hours
after onset of the acute phase.

Signs

Physician examination during the initial
phase may reveal rhonchi over the lungs without
other significant findings. The patient may have
a slight fever ranging from 99-100°F. With on-
set of the acute phase of the disease, tempera-
ture, and respiratory and pulse rates all become
significantly elevated, and blood pressure falls.
It may be possible o demonstrate subcutaneous
cdema of the chest and neck. Moist, crepitant,
pulmonary rales may be heard, and evidence of
pleural effusion may be present. Septicemnia and
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meningitis (frequently hemorrhagic) may occur.
Natural History

Without appropriate therapy, the patient
almost invariably dics. Early treatment with large
doses of antibiotics and supportive therapy can
reverse the natural course of the disease.

Appropriate Laboratory Investigations

During the initial phase no distinctive labora-
tory findings are present; during the acute phase
the white count may increase and show a shift
to the left. Radiographic examination of the chest
may reveal widening of the mediastinum and the
presence of pleural effusion. Under usual cir-
cumstances, inhalation anthrax does not present
as a primary pneumonia, but secondary anthrax
or other bacterial pneumonia may be present.
Septicemia may be present. If meningitis com-
plicates the illness, cerebrospinal fluid (CSF) may
contain numerous neutrophils (212,000/mm?);
the protein content will be elevated; and a hemor-
rhagic component will almost always be present
with red blood cell counts £100,000/mm?, B.
anihracis is usually demonstrable in the CSF. If
pleural fluid is present, it may contain B. an-
thracis organisms.

Treatment

The therapy of inhalarion anthrax is based
upon empirical knowledge and extrapolation
from animal studies. Massive doses of penicillin
G by intravenous injection, 50 mg (80,000 units)/
kg body weight, as an initial dose given in the
first hour, followed by an intravenous mainte-
nance dose of 200 mg (320,000 units) kg/24 h
should be used. Streptomycin (7-15 mg/kg body
weight/ day as a maintenance dose given intra-
venously to assure adequate blood levels) may
also be used. An alternate therapeutic regime is
erythromycin 1-4 g/day via continuous intra-
venous drip. Specific antitoxin has been reported
to be of some value; however, currently there
1s no domestic source of this material. Support-
ive therapy such as volume expanders, vasopres-
sors, and oxygen should be given as necessary.
If there is mechanical respiratory distress, tra-
cheal intubation should be performed. If hospi-
talized, the patient should be maintained under
strict isolation.

Prognosis

Untreated patients do not usually survive;
even with treatment, the fatality rate is close to
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100%. There has been only one survivor among
the 17 reported cases of inhalation anthrax in
the American literature since 1900,

DIAGNOSTIC CRITERIA

I[nhalation anthrax may be considered in the
differential diagnosis of respiratory disease for
a person with a history of exposure to possibly
contaminated aerosols. The intial phase of the
disease is nondescript and can resemble any mild
upper respiratory tract infection such as a “cold”
or “flu?” Unless there is an epidemic, it is doubt-
ful that a diagnosis of inhalation anthrax would
be made during the intial phase. The acute phase,
with sudden onset and short duration, is
characterized by scvere toxicity, respiratory
distress, and widening of the mediastinum. It
may be possible to identity B. anthracis in blood,
cerebrospinal fluid, or pleural fluid, although
these tests may not be of diagnostic help before
death.

METHODS OF PREVENTION

The discase in humans could be prevented
if the disease in animals were eradicated. Al-
though an effective animal vaccine is available,
it is not administered on a regular basis in the
countries supplying much of the high-risk animal
products. Implementation of improved animal
husbandry procedures is difficult to accomplish
because of lack of financial and personnel
resources; thus, control should be directed to-
ward the worker. Use of the human anthrax vac-
cine should be mandatory for workers exposed
to contaminated materials. The vaccine has been
proven to protect against cutanegus anthrax and
appears to be equally effective against inhala-
tion anthrax. However, statistical validity has
not been demonstrated for protection against in-
halation anthrax because of the small number
of cases that occurred during the vaccine field
trial. Experiments using nonhuman primates
have demonstrated the effectiveness of vaccine
in preventing inhalation anthrax.

It should be noted that the Occupational
Safety and Health Administration (OSHA) has
cited at least one company for failure to ad-
minister anthrax vaccine to its employces. OSHA
recommends the use of the vaccine for employees
who have any contact with contaminated animal
products.

As demonstrated in England, decontamina-
tion of imported raw materials with formalde-
hyde significantly reduces the risk of anthrax




among employees who work with the animal
fibers (13). Additionally, irradition of contami-
nated materials has been successfully used in
Australia. Also, ethvlene oxide has been sug-
gested as an effective decontamination agent.

A meaningful environmental housekeeping
program with good cantrol procedures can help
reduce the risk of infection. Spccial attention
should be given to an effective ventilation system
so that workers are not exposed to contaminated
air, Respirators should be worn as this helps
reduce the risk of inhaling infective aerosols, but
this is not a popular procedure. Workers should
be educated about the risk of inhalation anthrax
and how to prevent exposure to the organism.

RESEARCH NEEDS

The current methods available for decon-
taminating raw animal products are expensive
and difficult to perform. An easier, less expen-
sive method of decontamination would be ad-
vantageous. Patients with fatal inhalation an-
thrax infection have generalized capillary throm-
bosis—a phenomenon that should be investigated,
and the therapecutic usc of anticoaguiants or
other anticlotting substances should be evalu-
ated. Additionally, the therapeutic use of an-
titoxin should be evaluated.

REFERENCES

1. Albrink, W.S., Brooks, S. M., Biron, R.E.,
and Kopel, M.: Human inhalation an-
thrax: A report of three cases. Am J
Pathol 36:457-471, 1960.

2. Brachman, P.S.: Anthrax. Practice of
Medicine 3:1-13, 1977.

3. Brachman, P.S. and Fekety, F.R.: Indus-
trial anthrax. Ann NY Acad Sci 70:574-
584, 1958,

4, Brachman, P.S., Gold, H., Plaikin, S. A.,
Fekety, F.R,, Werrin, M., and [ngraham,
N.R.: Field evaluation of human anthrax
vaccine. Am J Public Health 52:632-645,
1962.

5. Brachman, P.S., Kaufman. A.F., and
Dalldorf, F.G.: Industrial inhalation an-
thrax. Bacleriol Rev 30:646-657, 1566,

10.

11,

12,

13.

14.

15.

16.

. Brachman, P.S., Pagano, J.5., and Al-

brink, W.S.: Two cases of fatal inhala-
tion anthrax, one associated with sar-
coidosis, New Engl J Med 265:203-208,
1961.

. Brachman, P.S., Plotkin, 5.A., Bumford,

F.H., and Atchison, M.M.: An epidemic
of inhalation anthrax: The first in the
twentieth century. 11 Epidemiology Am
J Hyg 72:6-23, 1960.

. Dahlgren, C.M.,Buchanan, L.M., Decker,

H.M., Freed, 8. W., Phillips, C.R., and
Brachman, P.S.: Baciilus anthracis aero-
sols in goat hair processing mills. Am ]
Hyg 72:24-31, 1960,

. Dalldorf, F.G. and Beall, F.A.: Capillary

thrombosis as a cause of death in experi-
mental anthrax. Arch Patho! 83:154-161,
1967.

Laforce, F.M.: Woolsorter’s disease in
England. Bull NY Acad Med 54,956-963,
1978.

Norman, P.S., Ray, J.G., Ir., Brachman,
P.S., Plotkin, S.A ., and Pagano, J.5.:
Serologic testing for anthrax antibodies
in workers in a goat hair processing mill.
Am J Hyg 72:32-37, 1960.

Plotkin, S.A., Brachman, P.S., Utell, M.,
Bumford, F.H., and Atchison, M.M.:
An epidemic of inhalation anthrax, the
first in the twentieth century. I Clinical
Features. Am J Med 29:992-1001, 1960.

Prevention of anthrax among industrial
workers, memorandum on the disinfect-
ing station established in Great Britain
for disinfection of wool and hair, p. 1-5,
1921. His Majesty’s Stat Off, London.

Suffin, 8.C., Carnes, W.H., and Kauf-
mann, A.F.: Inhalation anthrax in a
home craftsman. Hum Pathol 2:594-597,
1978.

Wolff, A.H. and Heimann, H.: Industrial
anthrax in the United States. Am J Hyg
53:89-109, 1951,

Wyatt, V.: Maladie de bradford—after 100
vears. New Science 76:192-194, 1978.

697






HISTOPLASMOSIS
Jeffrey D. Band

DEFINITION

Histoplasmosis is a systemic fungal infec-
tion caused by Histoplasma capsulatum, a soil
fungus. The organism is almost always acquired
by the respiratory route, and the primary focus
of infection is in the lungs. In more than 95%
of individuals, infection is either inapparent,
subclinical, or mild and is usually detecied at a
later time by x-ray findings of scattered areas
of residual pulmonary calcification or the pres-
ence of a reactive histoplasmin skin test. In some
infected persons, however, a variety of clinical
manifestations may result, ranging from over-
whelming acute pneumonia to chronic progres-
sive pulmonary disease, or disseminated disease
involving many organ systems.

ETIOLOGY

The etiologic agent of histoplasmosis is the
dimorphic fungus, H. capsulatum. The organisin
has been found in widespread geographic areas
throughout the world. In nature, the fungus exists
in a mycelial form which elaborates numerous
infectious spores. Once deposited in man, the
spores lransform into yeast forms.

OCCUPATIONS AND INDUSTRIES IN
WHICH EXPOSURE MAY OCCUR

The natural habitat of &, capsuiatum is the
sail (7). It is widely distributed within the tem-
perate zones of the world, but is most heavily
concentrated in the central United States. In
areas of the Mississippi, Missouri, and Ohio river
valleys, more than 90% of all residents have evi-
dence of having been infected with the organism
at some time (10). Certain organic nutrients (e.g.,
fowl and bat excrement}, which are found in
high concentrations in some areas, favor fun-
gal proliferation (4}16)(17)(20)(21). In these
habitats, the organism grows abundantly where
the decaying guano is mixed with soil. Persons
whose occupations or other activities involve

close contact with the soil, in particular soil
enriched with avian and bat feces, are at high
risk of acquiring infection. These include:

¢ Farmers — especially when cleaning
chicken coops, pigeon roosts, and bat-
infested lofts.

+ Construction workers and workers in-
volved with earth-moving operations.

* Workers involved with road construction,
tree clearing, or landscaping.

» Workers involved in the cleaning or dis-
mantling of contaminated buildings.

EPIDEMIOLOGY OF HISTOPLASMOSIS

Certain environmental conditions appear to
favor the growth of H. capsulatum in soll.
Furcolow found that the organism grows best
in environments that are warm (mean tempera-
ture of 68 to 90 °F), moist (annual precipitation
of 35 to 50 inches), and humid (relative humidity
of 67% to 87% or more), and that red-yellow
podzolic soil and the presence of limestone in
soil are associated with the proliferation and
isolation of the fungus (9). In addition, soil
enriched with high nitrogen content, generally
associated with the guano of birds and bats, sup-
ports with growth of the fungus.

The distribution of the fungus has been
defined by determining histoplasmin skin re-
activity in humans and animals in various re-
gions. Numerous investigators have done exten-
sive skin testing in the United States. States along
the Mississippi, Ohio, and Missouri river valleys
have been shown to be highly endemic and in-
clude Arkansas, Kentucky, Missouri, Tennessee,
Illinois, Indiana, Ohio, Oklahoma, Alabama,
Kansas, Louisiana, Maryland, Mississippi, Texas,
and West Virginia (1)(5). Focal areas of high
endemicity occur in numerous other states, The
infecting agent is an airborne spore. In endemic
areas, small numbers of these spores are con-
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stanily circulating in the air (10). The chief vec-
tor for dissernination of the spores is, thercfore,
the wind; in dusty weather increased numbers of
spores may become airborne and infect in-
dividuals. In addition, since higher concentra-
tions ol organisms are generally found in areas
containing fowl and bat excrement, working,
cleaning, or visiting these areas contaminated
with avian and bat excrement may lead to the
development of infection. A number of out-
breaks have been triggered by contaminated dust
raised in vigorous cleanup operations of avian
or bat feces-laden soil, buildings, or trees. Chicken
houses, starling roosts, pigeon roosts, and hollow
trees are highly infectious (11)(15) (19). Within
specific geographic areas, farm dwellers generally
have the largest percentage of histoplasmin
positivity, followed by other rural dwellers and
lastly city dwellers; however, in some areas nearly
EVEryone is positive,

Histoplasmosis affects all ages and in en-
demic areas primary infection develops early and
equally in both sexes. Disseminated disease tends
to occur in the extremes of age, and chronic
pulmonary disease usually affects middle-aged
men.

Although a wide variety of animals may ac-
quire histoplasmosis, there is no evidence of
animal-to-human spread, nor is there evidence
of human-to-human spread.

ESTIMATION OF POPULATION AT
RISK AND PREVALENCE OF DISEASE

It is difficult to estimate the occupational
groups at risk of exposure to H. capsuiatum. In
some arcas of the central United Statcs, almost
all residents are infected regardless of occupation,
and in most cascs they are infected during
childhood (10). In 4 states the overall percent-
age of pasitive skin test reactors for both rural
and urban areas exceeds 30% —Arkansas (58%),
Kentucky (67%), Missourt (53%), and Tennessce
(65%). In the adjacent states of Illinois {73%),
Indiana (68%), Ohic (50%), and Oklahoma
{(60%), more than half of the individuals in farm
areas who were tested had positive skin reactions
to histoplasmin (1)(3)(6)(12) (13). Previous
estimates of the incidence of histoplasmosis in
the United States have been as high as 500,000
mfections per vear (3). Fraser et al. projected that
23.1 persons per 1,000,000 population in the
United States are hospitalized each year with
histoplasmosis (15,000 persons annually) (8). For
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1976, the overall case-fatality rate was 2.9%.
Therefore, it has been estimated that approx-
imately 150 persons die from histoplasmosis each
year. Based on large skin test surveys, it has been
estimated that as many as 15%-20% of
Amcricans have evidence of H. capsulatum in-
fection (1)(5)(6)(12)(13){14).

PATHOLOGY AND PATHOGENESIS

Infection is acquired by inhalation of fungal
spores and deposition of the spores in the tungs.
Individuals exposed for the first time (primary
infection) initially have poor defense mechanisms
to fight the infection, and organisms commonly
spread via the lymphatic system and blood-stream
to distant sites, However, as previously stated,
most primary infections result in only mild or
unnoticed respiratory infections and are self-
limited. Organisms may multiply within reticu-
loendothelial cells of the liver, lymph nodes, lung,
spleen, adrenal glands, intestine, and bone mar-
row until sufficient numbers and types of inflam-
matory cells are delivered to contain the
organism. The lesions heal by fibrous encapsula-
tion and eventually calcify. Within the nodul,
however, the organisms ¢an remain viable but
may be held in check by the body’s host defenses.
In certain clinical settings, the organisms may
cause significant pulmonary or systemic disorders
later, Successful recovery from the infection con-
fers some immunity against infection.

CLINICAL DESCRIPTION AND
DIAGNOSTIC CRITERIA

The signs and symptoms of histoplasmosis
range from those of a slight, self-limited infection
to fatal disseminated disease, depending upon the
quantity of inoculum and certain host factors
such as age, prior exposure, and underlying
diseases. Infection in healthy persons is usually
asymptomatic or presents as a mild febrile
respiratory illness. If the exposure is particularly
heavy, a more severe influenza-like syndrome or
pulmonary infection develops which may or may
not be self-limited. Individuals previously exposed
to histoplasmosis rarely become ill upon re-expo-
sure unless the inoculum is quite high; even then
the respiratory illness is usually less severe and
the incubation period shorter than that for
previously unexposed individuals. In general the
incubation periods, varies from a few days to 3
weeks, depending upan the size of the inoculum
and prior exposure. Clinical dissemination rare-
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ly occurs except in individuals at the extremes
of age or those otherwise immunologically com-
promised by an underlying malignancy, disorder
of the reticuloendothelial system, or corti-
costeroids or other immunosuppressant therapy.
Chronic progressive pulmonary histoplasmosis
is uncommon unless significant cavitation occurs
or the patient has pre-existing pulmonary disease.
Excessive fibrosis of lung tissue and lymph nodes
occasionally results in progressive pulmaonary
disease.

Diagnosis

A [irm diagnosis of histoplasmosis is made
by either the isolation of the organism from ap-
propriate clinical specimens or the histopatho-
logic demonstration of the organism in tissue spec-
imens. However, the organism rarely can be
demonstrated or isclated excepr in the presence
of disseminated disease or chranic pulmenary
histoplasmosis. Therefore, indirect ¢lues to the
presence of histoplasmosis must be used. These
wclude 1) history of exposure in an endemic area,
2) positive scrologic tests, 3) positive skin tests,
and 4) development of miliary calcifications in
lung and spleen. Unfortunately, serologic and
skin tests are somelimes negative for persons with
culturally proved histoplasmosis, and test
specificity has not been fully established.
Numerous other disease entities may resemble
histoplasmosis such as the acute nonbacterial
pnewmonias, hypersensitivity pnewmonitis, tuber-
culosis, brucellosis, sarcoidosis, and lvm-
phorcticular malignancies.

Therapy

Specific anti-fungal therapy for histoplas-
maosis is indicated for severely ill patients with
acule pulmonary histoplasmosis, in patients with
disseminated histoplasmosis, ar chronic pro-
gressive cavitary pulmonary disease. The drug of
choice is amphalericin B.

Prognasis

Over 95% of individuals who have been in-
fected with H. capsulatum can recall no clinically
distinctive illness and remain [ree of compli-
cations of the disease. However, primary acute
diseasc can be serious and indeed fatal. Pro-
gressive disseminated disease, untreated, is uni-
formly fatal. Untreated, the chronic cavilary
form of histoplasmosis results in progressive pul-
monary disability and death in 50% of affected
individuals within S vears. Primary acute histo-

plasmosis rarely evolves directly into chronic
cavitary or disseminated disease.

METHODS OF PREVENTION

Short of avoiding contact with known areas
that harbor the organism, prevention of infec-
tion is difficult because of its widespread distri-
bution. However, if work needs to be done in
areas of known or suspected positivity, prewet-
ting the ground may prevent some airborne dis-
semination. Only workers who are healthy and
have known skin test positivity and normal chest
x-rays should engage in the work process, and
they should wear protective clothing and masks.
Chemical decontamination with 3% formalde-
hyde has been shown to be an effective short-
term fungicidal agent and may be useful, in ad-
dition 1o wetting the ground before work, in
preventing outbreaks among workers {18)(22).
There is no effective vaccine to prevent
histoplasmaosis,

RESEARCH NEEDS

Addirional study is needed on the chemical,
physical, and biologic factors influencing the
growth of H. capsufaturn in soil. Improved
means of controlling large aggregations of birds
and roosts should be sought. Safer and easier
methods to decontaminate soil or other con-
taminated foci should be explored. Further work
is necessary to develop an effective and safe vac-
¢ine to prevent disease in individuals at high risk
for developing complications of the discase. Last-
ly, improvement is needed in the serologic
diagnosis of histoplasmosis, and other less toxic
agents for treatment need to be developed.
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BRUCELLOSIS

Arnold F. Kaufmann
Morris E. Porter

DEFINITION

Brucellosis is an infectious disease caused
by microorganisms of the genus Brucefla. It
usually affects domestic animals but can be
transmitted to humans. Domestic animal dis-
eases that arc of public health concern are caused
by Brucella abortus, Br. suis, and Br. melitensis.
Br. abortus most commonly infects cattle, caus-
ing abortion latc in pregnancy and a subsequent
high infertility rate. Brucellosis in swine is most
often caused by Br. suis and is a chronic disease
manifested by sterility or abortion in sows, high
piglet mortality ratcs, and orchitis in boars. Br.
melitensis is the most common cause of brucel-
losis in goats, causing abortion late in pregnancy.
Br. canis, affecting mainly dogs, has becen
associated with only a limited number of human
infections and appears to be a less important
human public health concern than the other three
species.

Brucellosis in humans can be caused by any
of the Brucella species and is an illness charac-
terized by fever, chills, sweating, malaise, weak-
ness, headache, myalgia, anorexia, and loss of
weight. “

ETIOLOGY

The etiological agents of Brucellosis are
Brucelie aportus, Br. suis and Br. melitensis.
These Brucella microorganisms are pleomorphic,
short, and slender coccobacilli. They stain gram-
negative; bipolar staining is sometimes present.
Differential characteristics of Brucella species
based on physiological requirements and gas for-
mation, growth in the presence of dyes, oxidative
metabolic activities, lysis by phagocytes, and ag-
glutination in monospecific antisera help identify
individual species. No exotoxins are formed, but
the cell has enterobacterial endotoxins.

OCCUPATIONS AND
INDUSTRIES INVOLVED

As an occupational disease, brucellosis oc-
curs in livestock producers, veterinarians, and
rendering plant and abattoir employees. The
incidence of the disease in the United States is
steadily declining, with only about 200 cases cur-
rently being reported annually. Approximately
half of the cases, primarily those in abatioir
workers, arc acquired from exposure in an in-
dustrial setting (Table IX-1)(5).

EPIDEMIOLOGY

In the United States, the reported incidence
of brucellosis has declined from a peak of 6,321
cases in 1947 to its current plateau of 200 cascs
per vear. Pasteurizing dairy products and at-
tempting to eradicate the disease from livestock
have been primarily responsible for the falling
incidence of human brucellosis. Proportionately
more abattoir employees than members of the
general population continue to acquire brucel-
losis; of 2,126 cases from 1968 to 1977 for which
information was available, 1,215 (57%) were in
abattoir workers.

One investigation of brucellosis infection
rates and route of infection in a swine abattoir
(EP1 74-2-3, consultation on abattoir-associated
brucellosis, Smithfield, Virginia, issued March
1974) revealed a 9% rate of seropositivity, and
a greater correlation between exposure to air-
borne organisms in air from the kill department
(Figure IX-1) than to conjunctival or skin con-
tact with hog tissues or tissuc fluids. Employees
engaged in slaughtering and processing opera-
tions performed before deep tissues were exposed
(Stage | Operations); in processing operations
involving exposure to fresh raw tissue (Stage 1}
Operations); or in other tasks requiring prolonged
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Table IX-1

MOST PROBABLE SOURCE OF BRUCELLOSIS
BY OCCUPATIONAL GROUP OF PATIENTS, UNITED STATES, 1965-1974

Oeccupational Group

Meat- . Other
Processing IE::’;S;?:I( and Total
Industry usiry Unknown
Source
Domestic Animals
Swine 702 54 39 795
Cattle 121 179 52 352
Swine or Cartle 186 60 45 291
Sheep or Goats 7 5 6 18
Unspecified Farm Animals 57 4 2 63
Dogs 0 Q 6 6
Wild Animals
Caribou or Moaose 0 0 12 12
Feral Swine 0 0 7 7
Deer 0 ) 2 2
Unpasteurized Dairy Products
Domestic 0 7 57 64
Foreign Q 2 128 127
Accidents
Strain {9 vaccine 0 31 0 31
Laboratory 0 0 4 34
Unknown 0 12 233 245
Total 1,073 354 620 2,047
Percentage of Total 52.4 17.3 0.3

Cepyright by University of Chicago Press, Chicago, IL 60637, Reprinted with permission. Furiher reproduction prohibited without permigsion

of copyright holder.

exposure to the kill department (Mixed Opera-
tions), had the highest rates of seropositivity
(Table IX-2).

In their review, Buchanan et al. noted all
the major outbreaks of brucellosis that occurred
in the period 1960-1972 were associated with
swine slaughter (3). However, a resurgence of
bovine brucellosis beginning in 1971-1972 made
cattle the primary source of abattoir-acquired
brucellosis by 1976.

POPULATION AT RISK

Of abattoir employees, kill department
workers are at greatest risk of acquiring brucel-
losis. Although kill department warkers consti-
tute less than 20% of the approximately 150,000
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abattoir workers in the United States, those with
kill floor exposure have approximately 75% of
the Brucella infections reported for abattoir em-
ployees. The multiple types of exposure to poten-
tially contaminated animal tissues experienced
by most kill department workers prevent the
identification of the single ‘‘most’’ significant
route.

PATHOLOGY

After they invade the body, brucellae local-
ize in the bone marrow, lymph nodes, liver, and
spleen., There they induce reticuloendothelial
hyperplasia and the formation of small miliary
granulomata. These have many similarities to the
granulomata of sarcoidosis and miliary tubercu-
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losis and consist of collections of macrophages
and reticuleendothelial cells surrounded by a
zone of mononuclear cells with some fibroblasts.
Often there are giant cells. Rarely the center of
the lesion may undergo necrosis with an associ-
ated polymorph infiltration, but typical casea-
tion as seen in tuberculosis does not oceur.

CLINICAL DESCRIPTION

Commonly reported symptoms of brucel-
losis inchude malaise, chills, sweating, weakness,
body aches, headache, and anorexia. Clinical signs
seen at physical examination include fever (either
constant or intermittent), lymphadenopathy, and
splenomegaly. Untreated, the iliness may last for
many months and can cause complications such as
spondylitis, ostcomyelitis, or endocarditis. Even
with antibiotic therapy the patient may be ill for
a month or more. Brucetlosis is rarely fatal.

The treatment of choice for humans with
brucellosis is tetracycline, 2 g daily by mouth for
21 days, with or without streptomycin, 1 g daily
intramuscularly for 14 days. Buchanan et al.

observed that patients treated with tetracycline
and streptomycin had a lower rate of relapse
than those treated with tetracycline alone or in
combination with other drugs {2).

DIAGNOSTIC CRITERIA

Brucellosis can be definitively diagnosed by
isolating the causative organism in culture. Blood
is added to tryptase broth and incubated in an
atmosphere containing 25% CQ,. The enrich-
ment culture should be subcultured at four-day
intervals and, if subcultures are negative, car-
ried for a period of not less than three weeks.
For subculture, agar plates of liver infusion or
tryptase agar should be inoculated. Individuals
suspected of being infected by Brucella micro-
organisms should have appropriate blood samples
taken from cultures. Attempts to isolare the
organism should be repeated several times before
therapy is instituted since bacteremia may be in-
termittent. For patients with chronic brucellosis,
cuitures of blood, bone marrow, and other tissues
may be productive.
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Table IX-2

SEROPOSITIVITY BY WORK DEPARTMENT
SMITHFIELD, VIRGINIA — SEPTEMBER 1973

Centrifugation Agglutination Test Titer>1:160

Excluding Employees in
Departments Other Than

All Employees Kill Who Previously
Surveyed Worked in the Kill
Department
Stage I Operation
Kill Dept. 6/31 (19.4%) 6/31 (19.4%)
Stage IT Operations
Kill Dept. 11/81 (13.6%) 11/81 (13.6%)
Lard Rendering Dept. 2/7 (28.6%) 2/6 (33.3%)
Inedible Rendering Dept. 0/8 { 0.0%) 0/8 ( 0.0%)
Total Stage 11 13/96 (13.5%) 13/95 (13.7%)
Stage I Operations
Cut Dept. 4/51 { 7.8%) 4/41 ( 9.8%)
Conversion Dept. 0/5 { 0.3%) 0/3 ( 0.0%)
Ham Boning Dept. 0/19 { 0.0%) 0/14 ( 0.0%)
Bacon Slicing Dept. 0/21 { 0.0%) 0/18 ( 0.0%)
Cure-Pump-Hang Dept. 0/11 { 0.0%) 0/10 ( 0.0%)
Smoked Meat Packing Dept. 2/17 (11.8%) 0/14 ( 0.0%)
Sausage Packing Dept. 0/19 ( 0.0%) 0/14 ( 0.0%)
Sausage Chopping Dept. 0/4 ( 0.0%) 0/4 ( 0.0%)
Sausage Stuffing Dept. 0/6 ( 0.0%) 0/5 ( 0.0%)
Fresh Sausage Dept. 1/14 ( 7.1%) 0/10 ( 0.0%)
Total Stage 111 7/167 ( 4.2%) 4/133 ( 3.0%)
Mixed Qperations
Maintenance Dept, 5/24 {20.8%) 3/20 (15.0%)
Miscellaneous Dept. 2/11 (18.2%) 1/7 (14.3%)
Total Mixed 7/35 (20.0%) 4/27 (14.8%)
NonProcessing Operations
Delivery Dept. 0/28 { 0.0%) 0/28 ( 0.0%)
Sanitation Dept. 0/4 { 0.0%) 0/3 ( 0.0%)
Total NonProcessing 0/32 { 0.0%) 0/31 { 0.0%)
GRAND TOTAL 33/361 { 9.1%) 27/317 { 8.5%)
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Brucellosis is commonly diagnosed sero-
logically. The standard tube agglutination (STA)
test is the most sensitive and widely used
seralogic test in the United States. Although this
procedure involves using Br. abortus as antipen,
it can be used to detect infections caused by Br.
melitensis, and Br, suis, because all three have
common antigenic determinants. Br. canis in-
fection, however, can only be detected by using
the specific antigen.

The 2-mercaptoethanol (2-ME) degradation
test is used as an adjunct to the STA test. 2-ME,
added to patient’s serum before an agglutination
test is performed, dissociates the IgM molecules
so that any residual agglutination is caused by
IgG antibodies. It has becn found that the level
of I[gG remains elevated in persons with chronic
brucellosis and disappears in those who are ade-
quately treated. Thus the 2-ME test is particu-
larly useful when low STA titers could indicate
either current or past infection.

Both cholera vaccination and tularemia can
falsely elevate STA titers (usually only mini-
mally). The etiology of the elevated STA titer
can be resolved by evaluating a clinical history
or results of specific serological absorption studies.

Individuals suspected of having bruceilosis,
but whose culture and serologic results are nega-
tive pose a significant diagnostic problem. Of
the several possible reasons for negative serologic
results, the most important are 1) the prozone
phenomenon, 2) the presence of blocking an-
tibody in patient serum, 3) Br. canis infection
in an individual whose sample was analyzed with
an STA test in which Br. canis was not used as
antigen, and 4) the disease is not brucellosis.

The problems of the prozone phenomenon
and blocking antibody can be countered with
specialized serologic techniques. Since prozone
occurs only at lower serum dilutions, serial dilu-
tions of serum samples should all be evaluated
befare the test is reported to be negative,

The presence of a blocking antibody is more
difficult to prove than the prozone phenomenon,
but it can be documented by using the Coombs
test or centrifuging the reaction tubes before
incubation.

PREVENTION

Although eye and skin protection should
lower the risk of industrially related brucellosis,
protective clothing and equipment commonly
worn in abattoirs have apparently not been very

effective. Metal mesh gloves protect against
more serions cuts, but minor scratches and abra-
sions provide equally effective portals of entry
for Brucella organisms. Rubber gloves should
provide protection against contact exposure, but
the gloves generally used do not cover wrists and
forearms, and blood and other potentially in-
fectious materials can enter the gloves through
their open end and through accidental perfora-
tions. Where the conjunctival route of infection
is important, ordinary eyeglasscs have not been
shown Lo provide protection,

Other than reducing unnecessary exposure
to potentially infectious acrosols generated in the
kill room, little can be done on a practical basis
to prevent airborne or other transmission of
brucellosis to abattoir workers. However, early
diagnosis and appropriate therapy will reduce the
cduration and severity of the illness as well as the
frequency of complications.

Only essential personnel should enter the
kill room, which should be under negative air
pressure in relation to other work areas. Employ-
ees should be instructed on how brucellosis is
acquired, its symptoms, and the need for prompt
diagnosis and therapy. Brucellosis should be
routinely considered in the differcatial diagnosis
of febrile illnesses in abattoir workers.

RESEARCH NEEDS

Surveillance of brucellosis and the epidemi-
ologic study of specific problecms dealing with
abattoir-associated brucellosis should be con-
tinued, This is especially important where recom-
rmended control measures are of potential rather
than proven benefit. Efforts to develop a safe
and effective human brucellosis vaccine need to
be continued, and vaccine use would probably
be highly cost beneficial when administered to
targeted populations such as abartoir or labora-
tory workers.

Further clinical studies dealing with safe and
effective treatment of brucellosis are needed.
New antibiotics such as trimethoprim-sulfon-
amide combinations must be thoroughly evalu-
ated before they can be confidently rccom-
mended for treating patients with bruccliosis.
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TUBERCULOSIS AS AN OCCUPATIONAL DISEASE

Laurence S. Farer
Kenneth E. Powell

DEFINITION

Tuberculosis is a communicable disease of
man and animais caused by the bacterium Myco-
bacterium tuberculosis and, less frequently, M.
bovis. Lesions most often occur in the lungs but
may be found in any part of the bady.

CAUSATIVE AGENTS

Species of Mycobacterium are characterized
by unusual ““acid fast’’ staining properties, slow
growth, relative resistance to chemical disin-
fectants, and the ability to survive for decades
within cells in the infected animal. Several species
are known to cause human illness, but the
virulence and communicability of M. tubercu-
losis make it by far the most significant human
pathogen. With the exception of a comment in
Research Needs, the information in this section
pertains to M, tuberculosis.

LIST OF OCCUPATIONS AND
INDUSTRIES INVOLVED

Tuberculosis is a contagious disease and can
spread among individuals of any occupation.
The few published studies of tuberculosis as an
occupational hazard suggest that physicians,
nurses, medical laboratory workers, and mincrs
arc al increased risk of tuberculosis (1)(3)(4).
Other occupations presumably at increased risk
are migrant workers, overseas personnel in anv
occupation, zoo employees, prison guards, and
social workers and others who work with the im-
poverished and the derelict.

EPIDEMIOLOGY

Infection is almost always acquired via in-
halation of contaminated microscopic particles
generated by coughing, sneezing, speaking, or
singing. Therefore, persons most likelv to be-
come infected are those with a prolonged ex-
posure in a confined area to an infectious person.

En 1981, 27,373 cases of tuberculosis were
reported in the United States for an annual inci-
dence of 11.9 per 100,000 persens. The incidence
is higher in older age groups, in nonwhite per-
sons, and in males. The incidence is also high
among immigrants, alcoholics, and prisoners, but
sufficient data are not available to calculate
specilic rates,

Unfortunately, few studies of tuberculosis
incidence among various occupations have been
reported. Therefore, only general and somewhat
unsatisfaclory comments can be made about
tuberculosis as an occupational hazard.

Doctors, nurses, and medical laboratory
workcrs are at greater risk than the population
as a whole because they care for persons with
tuberculosis. Barrett-Connor recently estimated
the infection ratc of physicians was about twice
that of the general population (1). Harrington
calculated the disease rate of medical laboratory
workers in England was above five times that
of the general population (see Table IX-3) (3).
Individuals who work with elderly persons, non-
white persons, immigran(s, alcoholics, or prison-
ers presumably are at increased (but unquanti-
tated) risk of infection.

Miners and others who work in poorly ven-
tilated areas are morc likely to be infected by a
fellow worker who has tuberculosis than are per-
sons who work in well venrilated areas. Studies
among different groups of miners show that the
tuberculosis mortality rate ranges from approxi-
mately 1.5 times expected for coal miners to
approximately 10 times expected for cumming-
toniie-grunerite miners (see Table IX-3)(4)(5).

ESTIMATE OF POPULATION AT RISK
AND PREVALENCE OF DISEASE

Table 1X-3 shows that between 1,099 and
4,784 persons have tuberculosis disease because
they work in a medical or mining occupation. Lin-
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Table I1X-3

ESTIMATED NUMBER OF PERSONS WITH TUBERCULOSIS
ATTRIBUTABLE TO OCCUPATIONAL EXPOSURE, 1977

Eslimated Esrimated
Occupation Number of Relative Rick Estimated Attributable Estimated 4 oibutable
Persons (1) of Tubkerculosis  Incidence (4) [ncidence Prevalence (5) Prevalence

Medicine 3,853,000 2-5(2) 1,071-2,678 536-2,142 2,142-5,356  1,071-4,284
Mining 200,000 155-10(3) 42.278 14-250 R4-556 28-500
Social Workers 444 000
Prison Guards
Z0o0 employees
Migrant Workers 130,000

Overseas employees

(1) U.S. Bureau of Census, 1978,
(2) Rarreti-Conner, 1979; Harrington 1976,
(3) McDonald, 1978; Rocketre, 1977.

(4) Based on United States incidence in 1977 of 13.9 per 100,000,

(5) Assumes average durarion of illncss is 2 vears.

fortunately, sufficient data are not available to
estimate the risk to persons in other occupations.

PATHOLOGY

Most tuberculous infections follow inha-
lation of the bacteria. Less frequently, infections
occur after ingestion of direct inoculation through
the skin, The bacilli multiply at the site of initial
implantation and, if not contained by host de-
fenses, are carried through the lymphatics to
local and then more distant lymph nodes.

Usually the bacilli are contained by the host
defenses. In some cases, however, either shortly
after infection or after a prolonged dormancy,
the organisms continue to multiply causing the
systemic signs and symptoms ol chronic infection
with progressive destruction of the organ pri-
marily involved (most often the lungs).

Workers exposed to silica are more likely
to have tuberculosis because silica interferes with
the function of the pulmonary macrophages (6).
We do not know if other chemicals or minerals
predispose to tuberculosis for similar reasons.

CLINICAL DESCRIPTION
Symptoms

Pulmonary tubcrculosis is manifested by
constitutional symptoms of loss of appetite,
weight loss, fatigue, fever, night sweats, malaise,
and organ-specific symptoms of cough (often
productive of sputum and/or blood) and chest
pain. Tuberculosis of other organs (such as kid-
neys or bones) causes the constitutional symp-
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toms listed above plus symptoms speceific to the
organ involved.
Signs

Pulmonary tuberculosis, depending on its
severity and duration, may be associated with
nonspecific signs of chronic infection such as
anemia. Pulmonary tuberculosis also may pro-
duce a variety of signs related to the respiratory
tract such as rapid breathing and abnormal phys-
ical signs on percussion and auscultation of the
chest. The chest x-ray is usually abnormal and
often characteristic, but never diagnostic of (u-
berculosis. The lesions are usually patchy, in the
apices of the lungs, and often cavitary.

The signs of tuberculosis of other organs
include the (already mentioned) nonspecific signs
plus signs specific to the organ involved. For ex-
ample, tuberculous meningitis may cause cranial
nerve damage, blindness, deafness, and disorders
of consciousness from confusion to coma. Ex-
amination of the cerebral spinal fluid usually
shows an increased cell count, increased protein
concentration, and decreased glucose concen-
tration. Mycobacterium tuberculosis may be
demonstrated by appropriate stain or culture.

The Natural History of Disease

Most infections with M. tuberculosis are
subclinical or unrecognized; the only evidence
of infection is a positive tuberculin skin test. Pro-
gressive disease occurs in about 5% of persons
within the first year after infection and in
another 5% later in life. Therefore, once in-




fected, the risk of progressive disease exists for
life. Unless treated with antituberculous chemo-
therapy, about 50% of persons who develop
clinical illness die, frequently after months to
years of progressive debilitation. Modern chemo-
therapy, however, if administered promptly and
properly (see Treatment), will cure most patients.

Appropriate Laboratory Studies

The single most important laboratory study
is the examination of secretions—usually sputum
— or tissue for the infecting organism. Special
media and procedures are required to culture M.
tuberculosis. For persons with pulmonary tuber-
culosis, chest x-ray also is important.

Treatment

Antimicrobial drugs can cure tuberculosis.
However the capability of the slowly growing M.
tuberculosis to lie dormant within the host’s cells
necessitates prolongad drug treatment. Currently
recommended therapy is 9-18 months of daily
treatment with 2 or more drugs. Prolonged bed-
rest and surgery, formerly the mainstays of
therapy, now have a very limited role in the treat-
ment of tuberculosis.

Prognosis

Promptly and properly administered chemo-
therapy confers an excellent prognosis. Although
treatment is prolonged, most paticnts recover
with minimal residua. Unfortunately, the long
duration of treatment often results in erratic ar
incomplete ingestion of medicines. Inadequate
chemotherapy may result in recurrent episodes
of disease, progressive disability, and death.

DIAGNOSTIC CRITERIA

The diagnosis of tuberculosis is confirmed
by the growth of M. fuberculosis from culture
of sputum, CSF, urine, lymph nodes, or other
infected tissue. If the organism cannot be grown,
the diagnosis of tuberculosis should be made if
the patient has a positive tuberculin skin test,
the signs and symptoms are compatible with
tuberculosis, a thorough evaluation uncovers no
other cause for the illness, and the response to
therapy is appropriate.

The most common diseases mimicking tuber-
culosis are systemic fungal infections, other myco-
bacterial infections, sarcoidosis, cancer, and the
pneumoconioses.

METHODS OF PREVENTION

Transmission of tuberculosis can be pre-
vented by the rapid identification and treatment
of persons with disease and by the identification
and treatment of those persons infected but not
yet diseased (i.¢., persons with only a positive
skin test).

RESEARCH NEEDS

1. More information is needed about the in-
cidence of tuberculosis in occupational
groups, particularly those presumed to
be at risk of infection.

2. Although a synergism between silicosis
and tuberculosis is established, little in-
formation exists about possible svnergism
between tuberculosis and other mineral
and chemical exposures.

3. The probable salubrious effect of more
active participation of employers in the
maintenance of chemotherapy among in-
fected employees should be cxplored.
Patients with tubcr¢ulosis can work and
the workplace may be a good place to en-
courage regular drug usage to prevent
relapse, progressive disease, and possible
transmission. {Denial of employment to
a noninfectious person who is on medi-
cation, because of fear of spread to fel-
low employees, is counter-productive and
should not be tolerated.)

4. Cost-effective methods to identify con-
tagious persons carlier in the course of
illness need imaginative research.

5. Information is needed about the inci-
dence of other Mycobacterial infections
among various occupational groups.
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PSITTACOSIS

Arnold F. Kaufmann
Morris £. Potter

DEFINITION

Psittacosis is an acute infectious disease of
humans characterized by fever, pneumonia, cough,
weakness, fatigue, chills, headaches, myalgia,
and oceasionally myocardilis and encephalitis.

ETIOLOGIC AGENT

The ctiologic agent, Chlamydia psittaci is
one of several microorganisms that comprise the
single genus Chlamydia. Once considered to be
viruses because they reproduced only within host
cells, several properties clearly relate chlamydia
tQ bacteria: 1) the presence of both DNA and
RNA, 2) division by binary fission, 3) ccll walls
like those of free-living gram ncgative bacteria,
and 4) susceptibility o antibiotics. Chlamydia
psiftact, has its reservoir in various domestic and
wild birds. The disease has been called psittacosis
when it affects psittacine species (t.e., parrots
and related birds) and ornithosis when it affects
other avian specics. Although these terms have
been used interchangeably, perhaps the more
general term *‘chlamydiosis’’ would be prefer-
able,

OCCUPATIONS AND
INDUSTRIES INVOLVED

Psittacosis is an accupational health hazard
for a large and growing number of individuals
employed in quarantine facilities, pet shops,
breeding aviaries, veterinary clinics, diagnostic
laboratories, and avian distribution networks in-
cluding wholesale aviaries and air or surface
freight companies. Psittacosis {(ornithosis) in
turkey flocks causes many sporadic human cases
in the poultry processing industry. The tortal
number of persons at risk of occupationally
related psittacosis is ungertain but probably ex-
ceeds 20,000. Approximately 70 cases of psitta-
cosis have been reported annually in the past
decade, with about one-third being aceupation-

ally acquired or associated. In the period
1975-1977, 48 (20%) of 236 reported cases were
associated with the patients” occupations: 22 with
the pet bird industry and 26 with the poultry pro-
cessing industry (Table IX-4) (2).

EPIDEMICLOGY

Although psittacosis was rarely reported in
the United Staies before 1929, in November of
that year, cases of psittacosis began to be re-
ported from various sections of the country,
Within the next 6 months, nearly 200 cases (33
fatal) of psittacosis were reported. After these
cases were shown to be associated with exposure
to parrots imported for the 1929 Chrisumas trade,
the commercial importation of parrots was pro-
hibited in January 1930. Invesrigations in the
period 1935-1950 revealed that psittacosis af-
fected many or all avian species. When available
effective antibiotic therapy had lowered the mor-
tality rate, restrictions on imporiation and inter-
state shipment of psittacine birds were relaxed.
Currently, psittacine birds are imported into
domestically locared quarantine stations super-
vised by the U.S. Department of Agriculture
(USDA). Although the quarantined birds must
be treated with chlortetracyeline, adeguate blood
levels of antibiotics are not alwayvs achieved, as
cvidenced by the fact that psittacosis has been
diagnosed in psittacine birds recently released
from quarantine. Some employees and govern-
ment inspectors at quarantine facilities have also
had psittacosis.

In the past decade, 8 epidemics involving
142 cases have occurred at 7 turkey processing
plants in Texas, Missouri, and Nebraska (Figure
1X-2). In an investigation of one outbreak, in-
halation of infectious aerosols was clearly im-
plicated as the primary route of exposure (1).
Employees in the kill and pick evisceration de-
partments were at the greatest risk.

Although direct contact or inhalation of
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Table I1X-4

HUMAN PSITTACOSIS CASES BY TYPE OF EXPOSURE
AND MOST PROBABLE SOURCE OF INFECTION, UNITED STATES, 1975-1977

)
3
=
. W ~— F o
. 2 33 9 3
] L 2 & 8 8 b~
= g '33 o W = % [ b,
S & § ¢ & FE 8 ¢ S
] o E [E o, § 5: ‘E § = g‘;"
L P 3] g O & & S 2 5
S 8 % 5 8 58§83 8 % 3
§ 5 % % s £35 3 8 2 % 3
z 4 &8 & A O/ & =2 S K o
SOURCE
Budgerigars 2 28 3 i 1 1 36 18.2
Cockatiels 1 12 1 14 5.9
Other Psittacine sp. i 19 3 7 1 33 140
Unspecified Psittacine sp. 3 3 2 5 2 15 6.4
Psittacine/Non-Psittacine 3 6 6 6 2 23 9.7
Canari¢s/Finches | 3 4 1.7
Domestic Pigeons 4 1 1 17 1 24 10.2
Wild Pigeons 7 2 4 15 6.4
Miscellaneous Wild Birds 3 1 4 1.7
Turkeys 1 26 2 29 12.3
Chickens l 3 4 1.7
Turkeys/Other Birds 1 1 2 0.8
Other Miscellaneous 4 1 2 7 3.0
Unknown 11 15 26 11.0
Total 43 76 16 17 18 4 5§ 26 12 19 236 100.0

aerosolized tissues has been implicated in disease
transmission in turkey processing plants, in-
fection can also be spread by aerosolized bird
feces. Person-to-person transmission has been
reported only rarely and prebably is not im-
portant in the epidemiology of the disease.

ESTIMATE OF POPULATION AT RISK
AND PREVALENCE OF DISEASE
See Table 1X-4 abave.

PATHOLOGY

Postmortem examination of persons who
have died from psittacosis generally reveals focal
or lobar consolidation of the lungs. The alveoli
may be filled with exudate and alveolar septal
cell hyperplasia may be marked; bronchioles are
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rarely involved, Splenomegaly is common, and
normal splenic architecture may be altered by
reticuloendotheliag hyperplasia and focal necro-
sis. Hepatic focal necrosis is also common. Car-
diac involvement in psittacosis cases has been
associated with hemorrhagic areas in the endo-
cardium of the valves and evidence of peri-
carditis and myocarditis.

CLINICAL DESCRIPTION

Although psittacosis is primarily a respira-
tory disease, it can cause a wide variety of clinical
manifestations. Generally, about 10 days (range
4 to 15 or more days) after infection occurs, the
clinical illness begins abruptly with fever, chills,
weakness, fatigue, myalgia, anorexia, nausea,
vomiting, diaphoresis, dyspnea, headache, back-



PSITTACOSIS IN HUMANS, UNITED STATES, 1965-1977
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Figure IX.2. Palttacosls in humans, United States, 1965-1977

ache, and photophobia. Prominent clinical signs
include pneumonia, weight loss, pleuritic chest
pain, hepatomegaly, splenomegaly, and men-
ingismus. Other than a nonproductive cough,
signs and symptoms of pneumonia are often
minimal, however, chest x-rays commonly reveal
a surprising degree of pulmonary involvement.
The patchy infiltrates caused by psittacosis fre-
quently resemble those caused by a number of
viral agents.

Psittacosis is a systemic disease and can in-
volve multiple organs. Hepatitis, endocarditis,
myocarditis, thrombophlebitis, meningoenceph-
alitis, pericardial effusion, disseminated intra-
vascular coagulation, and myositis have all been
reported.

Tetracyclings are the drug of choice for
treating patients with psittacosis, Chlorampheni-
col, erythron}ycin, gentamicin, penicillin, and

ampicillin have also been used, but reports of
their therapeutic efficacy are largely anecdotal.
The dosage and duration for adequate tetracy-
cline therapy are still in dispute. Some authorities
recommend 2 grams dailv by mouth for 7 days
after defervescence (5); others recommend 1
gram daily by mouth for 21 days (7). Most
authorities agree that inadequate therapy leads
to a risk of relapse.

Although there is generally a dramatic re-
sponse to tetracycline, the patient may continue
to tite easily even after adequate therapy. The
case-fatality rate of reported cases in the United
States is approximately 1%.

DIAGNOSTIC CRITERIA

A diagnosis of psittacosis is based upon a
history of exposure to birds, evidence of infec-
tion in the suspected avian source, signs and
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symptoms, and laboratory findings.

The laboratory diagnosis of psittacosis relies
on serologic test results or cultural isolation of
Chiamydia psittaci. 1f possible, the etiologic
agent should be isolated before antibiotics are
given. Clinical specimens for culture include
blood clots and throat washings, which should
be shipped to the laboratory frozen on dry ice.
Commonly used test systems involve inoculating
patient specimens into tissue culture, mice, and
eggs. Typical inclusions are then demonstrated
with the Gimenez modification of Macchiavello’s
technique. Laboratory personnel should take
special precautions in handling Chlumydia psit-
faci specimens; they are highly infectious.

The complement fixation test is the most
widely used serologic procedure for diagnosing
psittacosis. A fourfold change in titer (to at least
32) between 2 serum samples collected 2 or more
weeks apart, and tested concurrently, is generally
accepted as cvidence of current infection. In-
asmuch as a chlamydial group antigen is used
in the serologic test for psittacosis, a hisiory of
other chlamydial infections such as lympho-
granuloma venereum must be taken into account
when results are interpreted.

PREVENTION

No effective vaccine has been developed for
psittacosis. Whether naturally acquired infection
confers immunity to humans is still not known;
infected birds do not become immune.

Controlling exposure to psittacosis for
employees in the pet bird trade would probably
require banning the importation of psittacine
birds, or rtightly controlling individual bird
identification, importation, and interstate ship-
ment. Adequate controls may not be cost ef-
fective. The USDA has intermittently sponsored
a program of screening and tetracvcline treat-
ment of turkeys to be slaughtered—in attempts
to minimize the public health problem associated
with poultry processing.

RESEARCH NEEDS

Improved technigues tor the treatment of
psittacosis in infected birds are needed because
currently recommended tetracycline feeding pro-
cedures are not reliable. In the case of psittacine
birds other than parakcets, (he procedures are
complicated and may cause adverse side effects
in the birds.

Serologic methods with a high degree of
sensitivity and specificity arc needed for accurate
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diagnosis. Current complement fixation tests do
not clearly differentiate psittacosis from other
human chlamydial infections. Other chlamydial
diseases are more common than psittascosis, and
preexistent antibodies due to these discases may
lead to misdiagnosis of respiratory diseases due
to nonchlamydial organisms such as psittacosis.
In addition, the clinical spectrum of the various
chiamydial diseases overlap, further compli-
cating accurate diagnosis.
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