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Malaria Control and
Public Health

To the Editor: Malaria continues
to cause disease and death in millions
of persons living in areas of the world
where it is endemic, despite 4 decades
of research on vaccines, new drugs,
and alternative methods of control.
Still, by far the most effective method
for reducing and controlling the
impact of this disease is indoor resid-
ual spraying (IRS) of insecticides.
The most cost-effective and safe
insecticide has been, and in many
instances still is, dichlorodiphenyl-
trichloroethane (DDT). This interven-
tion is continually under scrutiny, and
we address these issues in this letter.

Chen and Rogan (1) claim that
DDT causes reduced duration of lac-
tation and increased incidence of
preterm births, and they posit that
DDT used for malaria control would
do as much harm as good. The valid-
ity of their arguments requires sub-
stantial evidence of a causal relation-
ship between DDT and adverse con-
sequences of DDT IRS for malaria
control. 

Chen and Rogan dismiss a field
study on births and duration of lacta-
tion in South African mothers, some
of whom occupied houses sprayed
with DDT for malaria control (2).
However, if claims of large numbers
of adverse health effects of DDT IRS
are correct, then the study should have
detected large differences between
DDT-exposed and unexposed popula-
tions. According to Chen and Rogan,
the median duration of breastfeeding
could be as low as 3–4 months when
mothers are exposed to high levels of
DDT. Thus, a cross-section of breast-
feeding infants in the DDT-exposed
population should, on average, have
been considerably younger than in the
unexposed population. In fact, the
average age of breastfeeding infants
was slightly greater in the DDT-
exposed population (8.3 months ver-
sus 7.7 months). For both populations,

only an insignificant fraction of moth-
ers could not donate milk.
Furthermore, twice the level of
dichlordiphenylethylene (DDE, meta-
bolic breakdown product of DDT)
that is claimed to cause reduced dura-
tion of lactation in humans has no
adverse affect on lactation in rats (3).
The authors of the South African
study (2) report no difference in rates
of stillbirths between the sprayed and
unsprayed areas.

The National Institute of Environ-
mental Health Sciences study (4)
reported a causal association between
DDT and preterm and small-for-ges-
tational-age births but this has not
been replicated for African births.
The study was not based on a random
population of births, and no explana-
tion is offered for including diverse
categories of births in the study pop-
ulation.

An earlier study in Sri Lanka pre-
sented data on deaths attributed to
malaria and to premature births years
before DDT was used and years when
DDT IRS was used in 21 districts (5).
Districts varied greatly in levels of
malaria endemicity. After DDT was
introduced in 1946, levels of IRS in
21 districts were commensurate with
levels of endemic malaria. After 1946,
malaria deaths declined greatly and
the reduction was greatest where
DDT usage was highest. During the
same period, deaths attributable to
premature births increased slightly.
Inves-tigators attributed this to
“improvements in reporting and diag-
nosis rather than any declines in the
health of expectant mothers, which on
all other criteria showed improve-
ment.” (5). Spearman’s correlation
analysis for 21 districts shows that the
increase in premature birth deaths was
slightly greater in areas with less
malaria and DDT use. Thus, the evi-
dence does not support the idea that
the reported increase in premature
births was a side effect of DDT use. In
any case, the increase in deaths attrib-
utable to premature births was orders
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of magnitude less than the reduction
in deaths directly caused by malaria
and other conditions indirectly related
to malaria (5).

Similar major benefits of DDT use
were seen in Guyana, where in 2 to 3
years, near elimination of malaria
halved maternal deaths and reduced
infant deaths by 39% (6). Anemia-
associated deaths in pregnant females
were reduced from 10 to 2.3 per 1,000
adult deaths (7). There was no offset
of infant deaths attributable to adverse
effects of DDT. Data from Guyana are
particularly relevant to the present
issue because malaria control was
entirely due to DDT, i.e., drug treat-
ments were not included (7). Health
improvements related to DDT use
accounted for 21% to 56% of
increased population growth in
Guyana during the postwar years (5).

In summary, these data from South
Africa, Sri Lanka, and Guyana are
clearly contrary to the claims of Chen
and Rogan (1) that ill effects of DDT
on maternal health and infant survival
would counterbalance the beneficial
effect of malaria control. Their claim
that alternative chemicals are cheaper
than DDT is incorrect (8). Recent data
on pyrethroid-treated bed nets are
encouraging for situations in which
sustained provision of spray pumps
and trained spray teams are not feasi-
ble. However, even the best results
with these nets do not match those
obtained in the past with IRS, e.g., the
suppression of malaria infection in
Zanzibar from holoendemic levels to
<5% (9). 

In recent years, programs in South
Africa and Madagascar (10) that
again started IRS with DDT have
greatly reduced malaria and malaria-
related deaths. DDT is still needed
and research is required to improve its
use. The Stockholm Convention on
Persistent Organic Pollutants specifi-
cally allows continued public health
use of DDT.
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In Reply: We do not believe that
causality has been demonstrated for
the relationship between dichlor-
diphenylethylene (DDE) and shorter
period of lactation or preterm birth.
However, we think the evidence is
sufficiently strong that the possibility
of causality cannot be dismissed and
testing this hypothesis will require
data from appropriately designed
studies in areas where dichloro-
diphenyltrichloroethane (DDT) is
used. 

We think that the cross-sectional
study (1) referred to by Roberts et al.
(2) cannot determine whether DDE
shortens lactation. Women with high-
er levels of DDE and shorter lactation
periods would be less likely than
women with lower levels of DDE and
longer lactation periods to appear in
such a study, which would mask any
associations.

As noted in the Longnecker report
on the association between DDE and
preterm birth (3), several previous
studies have shown such an effect, but
they were relatively small. That the
perinatal collaborative study was not
a random sample of U.S. births does
not seem relevant. Women could not
choose whether to participate on the
basis of their DDT level because they
did not know it and could not choose
whether to participate on the basis of
a preterm birth because they were
enrolled during pregnancy.

Roberts et al. reference success
stories of DDT use from the 1930s to
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the 1950s in Sri Lanka and Guyana.
The reports of the Sri Lanka study are
not in the peer-reviewed literature.
Data from the Guyana sugar planta-
tions must include factors other than
DDT and malaria because profound
differences existed in all-cause mor-
tality in adults and children over the
span of the reports. Whether DDT was
effective in those areas at that time
cannot determine whether it would be
a two-edged sword now. 

Although the p,p′ isomer of DDE
is in human tissue at the highest con-
centration, technical DDT contains
approximately 10% of the o,p isomer,
and o,p-DDE can be detected if
sought (4). We and others measure
p,p′-DDE as an index of total DDE,
but our hypothesis for the estrogenic
mechanism by which lactation time
might be shortened involves the estro-
genic isomer p,p'-DDE. The
Kornbrust study of DDE and lactation
in rodents used pure p, p-DDE, the
most prevalent congener but also the
least estrogenic one (5). Since the
hypothesis concerned o,p-DDE, the
estrogenic congener, the work was
unfortunately noncontributory.

Malaria is a major public health
problem, and vigorous efforts to pre-
vent and treat it are necessary. We
fear, though, that DDT is not entirely
benign and have some evidence to
show this. Proceeding as if the safety
of DDT had been demonstrated
absolutely does not seem a prudent
course. DDT is inexpensive; however,
cost is irrelevant if DDT use causes as
many infant deaths as it prevents.

Aimin Chen* and Walter J. Rogan*
*National Institute of Environmental Health
Sciences, Research Triangle Park, North
Carolina, USA
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CTX-M and
Plasmid-mediated
AmpC-Producing

Enterobacteriaceae,
Singapore

To the Editor: In gram-negative
bacteria, β-lactamases are an impor-
tant cause of antimicrobial resistance.
In the 1990s, several new β-lacta-
mases, including CTX-M type and
plasmid-mediated AmpC β-lacta-
mases, emerged.

CTX-M extended spectrum β-lac-
tamases (ESBLs) differ from those
derived from TEM and SHV enzymes
by their preferential hydrolysis of
cefotaxime and ceftriaxone compared
with ceftazidime. They also differ
from an evolutionary standpoint and
are more closely related to the chro-
mosomal enzymes of Kluyvera
species (1). These enzymes are
increasingly described worldwide,
particularly in South America,
Europe, and East Asia.

AmpC enzymes confer resistance
to oxyimino- and 7-α-methoxy-
cephalosporins. They occur naturally
in the chromosomes of bacteria such
as Enterobacter, Citrobacter, Serratia,
and Pseudomonas species. In the last
decade, genes coding for AmpC β-lac-
tamases have made their way into
plasmids and are increasingly detected
in other species, notably Klebsiella
and Escherichia coli (2).

We describe five strains of
Enterobacteriaceae with unusual
antimicrobial susceptibility patterns,
which were isolated from patients in
an 800-bed hospital in Singapore. K.
pneumoniae EU17113, EU2673, and
E. coli EU2657 were noted to be more
susceptible to ceftazidime than ceftri-
axone, whereas E. coli EU4855 and
EB9505 were resistant to both
cephalosporins. The National
Committee for Clinical Laboratory
Standards ESBL confirmatory test (3)
was positive for strains EU17113,
EU2673, and EU2657 but negative
for strains EU4855 and EB9505. All
strains were isolated from urine cul-
tures except EB9505, which was iso-
lated from blood culture. The isolates
were identified by VITEK 2
(bioMérieux, Marcy l’Etoile, France)
or Microbact 12E/A (Medvet
Diagnostics, Thebarton, Australia). 

The MICs by Etest (AB Biodisk,
Solna, Sweden) and isoelectric points
of β-lactamases in crude extracts are
shown in the Table. Polymerase chain
reaction (PCR) for CTX-M genes was
performed on strains EU17113,
EU2673, and EU2657 by using
primers CTX-1 and CTX-2 as
described by Pai et al. (4). This yield-
ed an ≈780-bp product with DNA
extracts from strain EU17113 but not
the others. The sequence of this prod-
uct was identical to blaCTX-M-9 as found
in the GenBank database (accession
no. AJ416345.1). PCR was repeated
for strains EU2673 and EU2657 with a
different primer set as described by
Gniadkowski et al. (5). This produced
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