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Background. The parasitic causes of diarrhea have historically been identified by use of microscopy; however,
the use of this technique does not allow one to distinguish between subspecies or genotypes of parasites. Our
objective was to determine, by use of modern diagnostic methods, the proportion of diarrhea cases in Bangladesh
attributable to Cryptosporidium hominis, Cryptosporidium parvum, Entamoeba histolytica, and Giardia lamblia
assemblages A and B.

Methods. A prospective case-control study was performed involving 3646 case patients (both children and
adults) who presented with diarrhea to the Dhaka hospital of the International Centre for Diarrhoeal Disease
Research, Bangladesh, and 2575 control subjects with asymptomatic infection. Parasitic infection was detected by
use of a stool parasite antigen test, and the parasite load and the species and/or genotypes were determined by
use of polymerase chain reaction (PCR).

Results.  Cryptosporidium species and E. histolytica were more prevalent in patients with acute diarrhea than
in healthy control subjects, for all ages (2.1% vs. 1.4%; P = .039) and, specifically, for those 0-12 months of age
(2.2% vs. 0.4%; P = .009). G. lamblia assemblage A was also more prevalent in case patients with diarrhea than
in healthy control subjects (20% vs. 5%; P<.001). For case patients with diarrhea, the parasite load in feces, as
measured by quantitative real-time PCR cycle threshold, was not higher that that for control subjects with asymp-
tomatic infection. Case patients with diarrhea and cryptosporidiosis were less likely to have abdominal pain,
compared with control subjects (15% vs. 37%; P<.001); case patients with amebiasis more likely to have visible
blood in stool, compared with control subjects (8% vs. 1.6%; P<.001); and case patients with giardiasis more
likely to be dehydrated, compared with control subjects (81% vs. 71%; P = .001).

Conclusion. E. histolytica, C. hominis, C. parvum, and G. lamblia assemblage A infections are important causes
of diarrheal illness in Bangladesh.

Diarrheal diseases are a major public health problem
that particulary affects children in developing countries,
including Bangladesh [1]. A number of bacterial, viral,
and parasitic agents have been identified in patients
with acute diarrhea [2-5]. Entamoeba histolytica, Giar-
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dia lamblia, and Cryptosporidium species are the com-
mon enteric protozoal parasites generally believed to
be associated with diarrhea [6, 7]. Nevertheless, the role
of G. lamblia in acute diarrheal illness is still in dispute
[8, 9]. Microscopy was used in the past to detect these
protozoal parasites, but microscopic examination is un-
able to distinguish between invasive parasites, such as
E. histolytica, and commensal parasites, such as Enta-
moeba dispar and Entamoeba moshkovskii. The use of
microscopy is also less sensitive for detection of G.
lamblia and Cryptosporidium species and cannot be
used to distinguish between genotypes of giardia or
species of cryptosporidia.

The Dhaka hospital of the International Centre for
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Diarrheal Disease Research, Bangladesh, treats >100,000 pa-
tients with diarrhea annually. Prior studies from the Dhaka
hospital, where there is a systematic surveillance of 2% of all
patients, used microscopy as the diagnostic method [10, 11].
In our study, we compared the number of isolates of E. his-
tolytica, Cryptosporidium species, and G. lamblia recovered from
patients with acute diarrheal illness with those recovered from
control subjects without diarrhea, by use of antigen detection
kits and PCR-based genotyping. An interim analysis of the data
on G. lamblia infection from this study has been published
[12].

MATERIALS AND METHODS

Study population. Case patients were patients of all ages with
acute diarrhea who were seeking treatment during the period
from May 2004 through April 2006 at the Dhaka hospital of
the International Centre for Diarrhoeal Disease Research, Ban-
gladesh. These patients were part of a routine systemic sur-
veillance of 2% of all patients. Acute diarrhea was defined as
=3 abnormal stools within the previous 24 h, and dysentery
was defined by the presence of RBCs, macrophages, or pus

Table 1. Data on the enteropathogens recovered from case pa-
tients and identified from the systematic surveillance system of
the International Centre for Diarrheal Disease Research, Bangla-
desh, at Dhaka hospital, May 2004-April 2006.

Case patients

Type of infection, organism (n = 3646)
Bacterial
Shigella flexnerii 93 (2.6)
Shigella sonnei 14 (0.38)
Shigella dysenteriae 8 (0.20)
Shigella boyidii 33 (0.90)
Shigella spices 1 (0.03)
Salmonella species 60 (1.7)
Vibrio cholerae
El Tor strain 509 (14)
Ogawa strain 661 (18)
Other Vibrio species 2 (0.05)
Escherichia coli® None
Viral
Rotavirus 380 (10)
Parasitic
Entamoeba histolytica 75 (2.1)
Cryptosporidium species 101 (2.8)
Giardia lamblia 205 (5.6)
Ascaris lumbricoides 224 (6.1)
Trichuria trichuris 85 (2.3)
Hookworm 28 (0.77)

NOTE. No. (%) of case patients with acute diarrhea who had an entero-
pathogenic isolate recovered from a stool sample.

@ Enterotoxigenic, enteroaggregative, and enteroinvasive strains of E. coli
were not part of the systematic surveillance.

cells. All case patients received treatment according to the treat-
ment guidelines at the Dhaka hospital of the International Cen-
tre for Diarrheal Disease Research, Bangladesh. Control subjects
were individuals of all ages with asymptomatic infection who
reported no diarrheal illness in the previous 3 months and who
were enrolled in the study through the outpatient clinics of the
Bangabandhu Sheikh Mujib Medical University, Dhaka,
Bangladesh.

Laboratory methods. Stool samples were examined by use
of microscopy and cultured in Robinson’s medium within 6 h
after collection. Detection of the protozoa was performed by
use of commercially available antigen detection kits (TechLab)
for G. lamblia, Cryptosporidium species, and E. histolytica. Stool
samples were plated on MacConkey agar for the detection of
these protozoa, on Salmonella Shigella agar for the detection
of Salmonella and Shigella, and on taurocholate-tellerite-gelatin
agar for the detection of Vibrio cholerae. Stool specimens were
examined for rotavirus by using an ELISA, as described else-
where [13]. Stool specimens from healthy control subjects were
not analyzed for bacterial or viral enteropathogens.

DNA was extracted only from stool specimens that tested
positive for antigens. DNA was purified from 200 mg of stool
by use of the QTAamp DNA Stool Mini Kit (Qiagen). G. lamblia
genotypes were determined for stool specimens with positive
microscopy findings or with positive antigen test results by use
of a Scorpion probe-based real-time PCR assay, as described
elsewhere [14]. This assay amplifies a 95- or 102-bp region of
the 18S rRNA gene using species- and/or genotype-specific
primers and the probe. Cryptosporidium species were deter-
mined for stool specimens with positive microscopy findings
or with positive antigen test results by use of a sybergreen-
based real-time PCR technique [15] that amplifies a Crypto-
sporidium coding sequence of unknown function (AF190627).
All amplifications were performed according to these references
on a real-time PCR system (iCycler; BioRad).

Informed consent was obtained from the study subjects, and
if they were children, consent was obtained from their parents
or guardians. The human experimentation guidelines of the US
Department of Health and Human Services, the University of
Virginia, and the International Center for Diarrhoeal Disease
Research, Bangladesh, were followed during the course of our
research.

RESULTS

A total of 3646 case patients with acute diarrheal illness were
enrolled in our study as part of the systematic surveillance of
2% of all patients admitted to the Dhaka hospital of the In-
ternational Centre for Diarrheal Disease Research, Bangladesh.
Of these 3646 case patients, 2086 (57%) were male, and 1560
(43%) were female. There were 1094 case patients (30%) who
were 0-12 months of age, 656 (18%) who were 1-5 years of
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Table 2. Distribution of isolates of parasitic protozoa recovered from stool samples of case patients and control

subjects, by age group.

Proportion (%) of case patients or control subjects

Entamoeba histolytica

Cryptosporidium species

Giardia lamblia

Case Control Case Control Case Control

Age group patients patients patients patients patients patients
0-12 months  24/1088 (2.2) 2/485 (0.4) 57/1088 (5.2)° 14/485 (2.9)° 38/1088 (3.5) 18/485 (3.7)
1-5 years 15/672 (2.2) 14/660 (2.1) 32/672 (4.8) 22/660 (3.3) 41/672 (6.1)° 160/660 (24.2)°
6-14 years 5/279 (1.8) 7/457 (1.5) 5/279 (1.8) 5/457 (1.1) 31/279 (11.1)° 146/457 (31.9)°
15-40 years 25/1222 (2.0) 6/753 (0.8) 6/1222 (0.5) 6/753 (0.8) 91/1222 (7.4)° 92/753 (12.2)°
>40 years 6/385 (1.6) 6/220 (2.7) 1/385 (0.3) 2/220 (0.9) 4/385 (1.0)° 24/220 (10.9)°
All 75/3646 (2.1)4  35/2575 (1.4)°  101/3646 (2.8)° 49/2575 (1.9)°  205/3646 (5.6)° 440/2575 (17.1)°

@ P =.009.

b p=.037.

¢ P<.001.

4 p=.030.

® P=.027.

age, 292 (8%) who were 6-14 years of age, 1240 (34%) who
were 15-40 years of age, and 401 (11%) who were >40 years
of age. A total of 2575 healthy control subjects consented to
participate in our study. Of these 2575 control subjects, 1401
(54%) were male, and 1174 (46%) were female. There were
489 control subjects (19%) who were 0-12 months of age, 670
(26%) who were 1-5 years of age, 464 (18%) who were 6-14
years of age, 747 (29%) who were 15—40 years of age, and 232
(9%) who were >40 years of age. V. cholerae was the most
common pathogen isolated from diarrheal stool specimens (ta-
ble 1).

The isolation rates of Cryptosporidium species and E. histo-
Iytica among patients with acute diarrhea were 2.8% (101 of
3646 patients) and 2.1% (75 of 3646 patients), respectively. The
prevalence of these parasites was significantly higher among
case patients than among healthy control subjects in the first
12 months of life (table 2). Cryptosporidium parvum and Cryp-
tosporidium hominis were present in both diarrheal and non-
diarrheal stool samples at roughly equal percentages (C. hominis
was detected as the sole cause of infection in 61% of case
patients and in 54% of control subjects infected with cryptospo-
ridia; mixed infections with both C. hominis and C. parvum
were observed in 21% of case patients and in 17% of control
subjects [P>.05; data not shown]). We have previously re-
ported from this cohort the genotypes of 283 individuals with
giardiasis; the 343 individuals shown in table 3 include these
previously reported individuals [12]. G. lamblia, in general, was
significantly more common among control subjects than
among case patients (table 2); however, G. lamblia genotype
“A” was associated with acute diarrhea (table 3).

Case patients with or without dysenteric diarrhea and healthy
control subjects were tested for E. histolytica (table 4). The
association of E. histolytica with nondysenteric diarrhea was
statistically significant for all case patients and control subjects

(table 4), whereas the association of E. histolytica with dysen-
teric diarrhea was significantly higher for case patients >12
months of age than it was for control subjects >12 months of
age. It was interesting to note that each of the stool specimens
positive for E. histolytica (by use of the antigen detection test)
that were obtained from 24 children 0-12 months of age were
negative for all other enteric pathogens, except enterotoxigenic
E. coli in 3 samples (data not shown). All of these 24 children
with E. histolytica—associated diarrhea presented with loose or
watery stool, had no history of bloody stools, and had no RBCs
in their stool specimens.

In table 2, it can been seen that the increasing age of both
case patients and control subjects was associated with a decrease
in the number of Cryptosporidium isolates recovered from stool
samples, whereas the number of E. histolytica isolates recovered
remained constant. However, the number of G. lamblia isolates
recovered from stool samples peaked in the 6-14-year-old age
group for both case patients and contol subjects (table 2). There
was no statistically significant difference in the number of G.
lamblia assemblage A isolates recovered, compared with assem-
blage B isolates, or in the number of C. hominis isolates re-
covered, compared with C. parvum isolates, between the dif-
ferent age groups (figure 1). E. histolytica—associated diarrhea

Table 3. Distribution of genotypes of Giarida lamblia isolates
recovered from stool samples of case patients and control sub-
jects, by use of antigen detection test.

Case patients  Control subjects

G. lamblia genotype (n = 144) (n = 199) P

Assemblage A 29 (20.1) 10 (5.0) <.001
Assemblage B 109 (75.7) 174 (87.4) .65
Mixed 6 (4.2) 15 (7.5) <.001

NOTE. Data are no. (%) of case patients or control subjects.
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Table 4. Association of Entamoeba histolytica with diarrhea
and dysentery, based on age group.

lliness, patient age group Case patients  Control subjects P

Nondysenteric diarrhea

0-12 months 21/857 (2.45) 2/485 (0.4) .005

>12 months 18/1291 (1.39)  14/2090 (0.67) .033
Dysenteric diarrhea

0-12 months 3/231 (1.29) 2/485 (0.4) 188

>12 months 33/1267 (2.60)  14/2090 (0.67) .037

NOTE. Data are proportion (%) of case patients or control subjects.

and Cryptosporidium-associated diarrhea were equally prevalent
in both sexes (data not shown). More isolates of the 3 protozoa
(i.e., E. histolytica, Cryptosporidium species, and G. lamblia)
were recovered from stool samples during the summer months
than at other times of the year (figure 2).

The parasite load was estimated by measuring the cycle
threshold (C;) value of the individual real-time PCR assays
(table 5). There was no difference between case patients and
control subjects in the amount of C. parvum, C. hominis, or
E. histolytica DNA per 200 mg of stool. Surprisingly, there was
significantly less G. lamblia in the diarrheal stool of control
subjects, as assessed by the quantitative PCR C, value (table 5)
and the semiquantitative stool antigen detection test (data not
shown).

Case patients with cryptosporidiosis were less likely than
other case patients to have abdominal pain, case patients with
amebiasis were more likely than other case patients to have
visible blood in their stool, and case patients with giardiasis

were more likely to be dehydrated (table 6). Microscopic ex-
amination of the diarrheal stool specimens revealed a signifi-
cantly higher amount of RBCs and macrophages in stool sam-
ples that were positive for E. histolytica (table 6).

DISCUSSION

The application of modern molecular methods to this large
prospective case-control study of parasitic diarrhea provided
several insights. First, we found that enteric parasites were prev-
alent and an important cause of diarrhea: Cryptosporidium spe-
cies, E. histolytica, and G. lamblia were identified in 10.5% of
case patients with diarrhea severe enough to warrant hospital
admission (table 1), and cryptosporidiosis and amebiasis were
diagnosed in 7.4% of case patients with diarrhea who were in
the critical first year of life, when mortality due to diarrheal
disease is highest (table 2) [16]. Second, it appeared that the
G. lamblia parasite load, as measured in the stool, was inversely
related to diarrhea. Third, in the case of giardiasis, we extended
our previous observation that assemblage A, but not assemblage
B, was associated with diarrhea. Finally, we described a pre-
viously underappreciated manifestation of amebiasis, which is
defined as nondysenteric diarrhea during the first year of life.

Several studies have examined E. histolytica isolates recovered
from stool samples of patients with acute diarrhea but, because
of the lack of a case-control study design, were unable to in-
vestigate the association of E. histolytica with nondysenteric
diarrhea [7, 9]. Whenever case-control studies have been con-
ducted, microscopy has been used for diagnosis; unfortunately,
the use of microscopy does not allow one to differentiate E.
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Figure 1. The number of Giardia lamblia assemblage A isolates recovered, compared with G. lamblia assemblage B isolates, and the number of
Cryptosporidium hominis isolates recovered, compared with C. parvum isolates, stratified by the different age groups of case patients and control

subjects.
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Figure 2. Seasonality of enteric protozoa in case patients with acute
Cryptosporidium species, and Giardia lamblia recovered from stool sample

histolytica from the morphologically similar and prevalent non-
pathogenic parasites E. dispar and E. moshkovskii [17-22]. In
our present study, we identified E. histolytica by use of a specific
antigen detection test. Although E. histolytica is generally known
to cause bloody diarrhea, our study demonstrated that E. his-
tolytica could also be a cause of watery diarrhea, particularly
in infants. That nondysenteric diarrhea is a common presen-
tation of amebiasis is in agreement with the study by Samie et
al. [17] involving children <2 years of age and with our own
work with children 2-12 years of age [22].

Our study also confirmed the association between Crypto-
sporidium species and acute diarrheal illness [10, 23, 24]. Iso-
lates of Cryptosporidium species were recovered from 1.4% of

une July Aug Sep Oet Nov Dec
Month

diarrhea, as shown by the number of isolates of Entamoeba histolytica,
s, by month of the year.

patients in a previous study performed in the same hospital in
1994 [10]. Because we used a more sensitive antigen detection
test for diagnosis of cryptosporidiosis in our study, we were
able to recover Cryptosporidium species from a much higher
percentage of patients. In addition, we have demonstrated that
both C. parvum and C. hominis were present in stool samples
obtained from case patients at this hospital. However, neither
of these parasites was more likely than the other to be associated
with diarrhea, confirming the observations of other investi-
gators [25-27]. The prevalence of Cryptosporidium isolates de-
creased with increasing patient age, which implies that long-
lasting natural immunity may persist after Cryptosporidium
infection in the first few years of life.

Table 5. Parasite load in case patients and control subjects, as measured hy
quantitative real-time PCR cycle threshold (C,) values, at the Dhaka hospital of

the International Centre for Diarrheal Di

sease Research, Bangladesh, May 2004-

April 2006.
No. of Mean Median
Enteric pathogen, study group  specimen  C;value (95% Cl)  C; value P
Entamoeba histolytica 18
Case patients 54 35.4 (34.3-36.4) 35.8
Control subjects 29 36.5 (35.3-37.6) 36.9
Giardia lamblia assemblage A .017
Case patients 31 37.4 (34.8-40.1) 39.4
Control subjects 11 31.5 (28.2-34.8) 31.1
G. lamblia assemblage B <.001
Case patients 108 34.9 (33.9-36.0) 5.8
Control subjects 225 31.2 (30.4-32.1) 30.6
Cryptosporidium hominis .098
Case patients 48 33.6 (32.0-35.3) 34.0
Control subjects 13 36.5 (33.7- 39.3) 35.1
Cryptosporidium parvum 127
Case patients 13 41.0 (37.5-44.5) 43.2
Control subjects 7 36.3 (29.4-43.1) 33.7

NOTE. Case patients were those whose infection caused diarrhea, and control subjects were
those whose asymptomatic infection did not cause diarrhea.
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Table 6. Clinical characteristics of case patients with enteric protozoal-associated diarrhea, at the Dhaka hospital of
the International Centre for Diarrheal Disease Research, Bangladesh, May 2004—April 2006.

Patients with Entamoeba his-

Patients with Cryptospori- Patients with Giardia lamblia

tolytica infection dium infection infection
With Without With Without With Without
characteristic ~ characteristic ~ characteristic ~ characteristic ~ characteristic ~ characteristic
Charactersistic (n=75) (n = 3571) (n=101) (n = 3545) (n = 205) (n = 3441)
Symptom
Abdominal pain 31 (41) 1294 (36) 15 (15) 1310 (37)° 79 (39) 1246 (36)
Vomiting 62 (83) 3151 (88) 85 (84) 3128 (88) 180 (88) 3033 (88)
Fever 13 (17) 684 (19) 29 (29) 668 (19) 33 (16) 664 (19)
Watery diarrhea 70 (93)° 3470 (97)° 98 (97) 3442 (97) 202 (99) 3338 (97)
Blood in stool 6 (8.0)° 60 (1.6)° 2 (2.0) 64 (1.8) 2 (1.0 64 (1.9)
Dehydration 48 (64) 2573 (72) 54 (54) 2567 (72) 165 (81)° 2456 (71)°
Analysis of stool
>10 RBCs/HPF 11 (14.7)° 186 (5.2)° 4 (4.0) 193 (5.4) 13 (6.3) 184 (5.3)
>10 WBCs/ HPF 35 (46.7)f 1241 (34.8) 25 (24.8)° 1251 (35.3)° 100 (48.8)" 1176 (34.2)"
>0 macrophases/HPF 25 (33.3)' 763 (21.4) 14 (14.0) 774 (31.9) 55 (26.8) 753 (21.9)
Presence of occult blood 14 (18.7) Not done Not done Not done Not done Not done

NOTE. Data are proportion (%) of case patients or control subjects. HPF, high-power fields.

2 p<.001.
b p= 05
© P<.001.
4 p=.001.
¢ P<.001.
fp=.03.
¢ p=.03.
" P<.001.
" p=.01.

The lack of correlation—or, in the case of G. lamblia, the
inverse correlation—between parasite load and symptoms of
diarrhea was surprising. The emerging literature suggests that
diarrhea due to infection with cryptosporidia, giardia, and en-
tamoeba is accompanied by robust and likely deleterious pro-
duction of proinflammatory cytokines, such as TNF-« [28-31].
The lack of a positive correlation between parasite load and
symptoms of diarrhea is suggestive of the primary role played
by the immune system in diarrheal illness that results from
these infections.

The limitations of our study were that only cases of diarrhea
severe enough to merit hospitalization were included and that
no longitudinal follow-up was conducted, so it is likely that
our study did not reflect the full spectrum of illness attributable
to enteric parasites or their impact on children. For example,
it might be that G. lamblia assemblage B does, in fact, cause
diarrhea, only in a milder or self-limited form, or it might be
that the enteric parasites have an even larger effect on children
than our study indicates, in the form of more-prolonged or
subclinical diarrhea. Another limitation was that case patients
and control subjects were not perfectly matched: control sub-
jects tended to be older than case patients, a fact that we cor-
rected for by analyzing infections as a percentage of all case

patients or control subjects in a given age group. However,
there could be other errors introduced by the less-than-perfect
matching of case patients to control subjects. Finally, inaccu-
racies in the diagnostic tests used or PCR inhibitors unique to
diarrheal or nondiarrheal stools might have affected the mea-
surement of parasites. We attempted to control for these factors
by using both antigen detection and PCR tests on the stool
samples positive for parasites.

In conclusion, the use of antigen detection and PCR-based
diagnostic tests validated the importance of enteric parasites as
a cause of diarrhea during the first year of life and illustrated
aspects of these infections that had not been fully appreciated.
This knowledge will aid in the planning of longitudinal cohorts
that will more fully measure the burden of infection and serves
to expand our clinical understanding of these common infec-
tions in children in the developing world.

Acknowledgments

Financial support. From the National Institute of Allergy and Infec-
tious Diseases of the National Institutes of Health (Public Health Service
grant AI-43596).

Potential conflicts of interest. 'W.A.P. has a licensing agreement for
amebiasis diagnostics with TechLab; however, all royalties from this agree-

1196 « CID 2009:48 (1 May) * Haque et al.

220z 1snbny 9| uo1senb Ag 9z 20%/1L 61 L/6/81/2191E/PI0/W0o dNo olWepeok//:Sd)y Wol papeojumoq



ment are donated to the American Society of Tropical Medicine and Hy-
giene without benefit to W.A.P. All other authors: no conflicts.

References

1.

10.

11.

12.

13.

14.

15.

Kosek M, Bern C, Guerrant R. The global burden of diarrhoeal disease,
as estimated from studies published between 1992 and 2000. Bull WHO
2003; 81:197-203.

. Baqui AH, Black RE, Sack RB, Yunus MD, Siddique AK, Chowdhury

HR. Epidemiological and clinical characteristics of acute and persistant
diarrhoea in rural Bangladeshi children. Acta Paediatr Suppl 1992; 381:
15-21.

. Yamashiro T, Nakasone N, Higa N, et al. Etiologic study of diarrheal

patients in Vientiane, Lao People’s Democratic Republic. J Clin Mi-
crobiol 1998;36:2195-9.

. Guerrant RL, Kirchhoff, Shields DS, et al. Prospective study of diarrheal

illness in northeastern Brazil: patterns of diseases, nutritional impact,
etiologies, and risk factors. J Infect Dis 1983; 148:986-97.

. Germani Y, Morillon M, Begaud E, Dubourdieu H, Costa R, Thevenon

J. Two-year study of endemic enteric pathogens associated with acute
diarrhea in New Caledonia. ] Clin Microbiol 1994; 6:1532—-6.

. Youssef M, Shurman A, Bougnoux M, Rawashdesh M, Bretagne S,

Strockbine N. Bacterial, viral and parasitic enteric pathogens associated
with acute diarrhea in hospitalized children from northern Jordan.
FEMS Immunol Med Microbiol 2000;28:257-63.

. el-Sheikh SM, el-Assouli SM. Prevalence of viral, bacterial and parasitic

enteropathogens among young children with acute diarrhoea in Jeddah,
Saudi Arabia. ] Health Popul Nutr 2001; 19:25-30.

. Svengard B, Lagergren A, Ekwall E, et al. Enteropathogens in adult

patients with diarrhea and healthy control subjects: a 1-year prospective
study in a Swedish Clinic for Infectious Diseases. Clin Infect Dis
2000; 30:770-8.

. Gascon J, Vargas M, Schellenberg D, et al. Diarrhea in children under

5 years of age from Ifakara Tanzania: a case-control study. J Clin Mi-
crobiol 2000; 38:4459—-62.

Albert MJ, Faruque ASG, Faruque SM, Sack RB, Mahalanabis D. Case-
control study of enteropathogens associated with childhood diarrhea
in Dhaka, Bangladesh. J Clin Microbiol 1999;37:3458—64.

Stoll BJ, Glass RI, Huq MI, Khan MU, Holt JE, Banu H. Surveillance
of patients attending a diarrheal disease hospital in Bangladesh. Br Med
J (Clin Res Ed) 1982;285:1185-8.

Haque R, Roy S, Kabir M, Stroup SE, Mondal D, Houpt ER. Giardia
assemblage A infection and diarrhea in Bangladesh. ] Infect Dis
2005;192:2171-3.

Bingnan FL, Unicomb Z, Rahim NN, et al. Rotavirus-associated di-
arrhea in rural Bangladesh: two-year study of incidence and serotype
distribution. J Clin Microbiol 1991;29:1359-63.

Ng TC, Gilchrist CA, Lane A, Roy, S, Haque R, Houpt RE. Multiplex
real-time PCR assay using Scorpion probes and DNA capture for ge-
notype specific detection of Giardia lamblia on fecal samples. J Clin
Microbiol 2005;43:1256-60.

Tanriverdi S, Arslan MO, Akiyoshi DE, Tzipori S, Widmer G. Iden-

16.

17.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

tification of genotypically mixed Cryptosporidium parvum populations
in humans and calves. Mol Biochem Parasitol 2003; 130:13-22.

Petri WA Jr, Miller M, Binder HJ, Levine M, Dillingham R, Guerrant
RL. Enteric infections, diarrhea, and their impact on function and
development. J Clin Invest 2008; 118:1277-90.

Samie A, Obi LC, Bessong PO, Stroup S, Houpt E, Guerrant RL.
Prevalence and species distribution of E. histolytica and E. dispar in
theVenda region, Limpopo, South Africa. Am J Trop Med Hyg 2006;
75:565-71.

. Haque R, Ali IK, Akther S, Petri WA Jr. Comparison of PCR, isoenzyme

analysis, and antigen detection for diagnosis of Entamoeba histolytica
infection. J Clin Microbiol 1998;36:449-52.

Haque R, Neville LM, Hahn P, Petri WA Jr. Rapid diagnosis of En-
tamoeba infection by using Entamoeba and Entamoeba histolytica stool
antigen detection kits. J Clin Microbiol 1995;33:2558-61.

Shetty N, Narasimha M, Raghuveer TS, Elliott E, Farthing MJ, Macaden
R. Intestinal amebiasis and giardiasis in southern Indian infants and
children. Trans R Soc Trop Med Hyg 1990; 84:382—4 (erratum: Trans
R Soc Trop Med Hyg 1990; 84:694).

Mishra D, Gupta VK, Yadav RB. Role of Entamoeba histolytica in acute
watery diarrhea in hospitalized under-five children. Indian Pediatr
2004;41:861-3.

Haque R, Mondal D, Duggal P, et al. Entamoeba histolytica infection
in children and protection from subsequent amebiasis. Infect Immun
2006; 74:904-9.

Rahman M, Shahid NS, Rahman H, Sack DA, Rahman N, Hossain S.
Cryptosporidiosis: a cause of diarrhea in Bangladesh. Am J Trop Med
Hyg 1990; 42:127-30.

Echeverria, Taylor PDN, Lexomboon U, et al. Case-control study of
endemic diarrheal disease in Thai children. ] Infect Dis 1989; 159:543—8.
Gatei W, Wamae CN, Mbae C, et al. Cryptosporidiosis: prevalence,
genotype analysis, and symptoms associated with infections in children
in Kenya. Am J Trop Med Hyg 2006;75:78-82.

Goncalves EM, da Silva AJ, Eduardo MB, et al. Multilocus genotyping
of Cryptosporidium hominis associated with diarrhea outbreak in a day
care unit in Sao Paulo. Clinics 2006;61:119-26.

Hunter PR, Hughes S, Woodhouse S, et al. Sporadic cryptosporidiosis
case-control study with genotyping. Emerg Infect Dis 2004; 10:1241-9.
Bayraktar MR, Mehmet N, Durmaz R. Serum cytokine changes in
Turkish children infected with Giardia lamblia with and without allergy:
effect of metronidazole treatment. Acta Tropica 2005;95:116-22.
Maciorkowska E, Kaczmarski M, Kemona A. The role of cytokines in
giardiasis in children. Med Wieku Rozwoj 2005;9:665-73.
Kirkpatrick BD, Noel F, Rouzier PD, et al. Childhood cryptosporidiosis
is associated with a persistent systemic inflammatory response. Clin
Infect Dis 2006; 43:604—8.

Peterson KM, Shu J, Mondal D, Haque R, Petri WA Jr. Association of
TNF-a production by peripheral blood mononuclear cells with sus-
ceptibility to amebiasis. In: Program and abstracts of the 48th Annual
Interscience Conference on Antimicrobial Agents and Chemotherapy/
46th Annual Meeting of the Infectious Diseases Society of America
(Washington, DC). Washington, DC: American Society for Microbi-
ology, 2008.

Protozoal Disease in Bangladesh « CID 2009:48 (1 May) « 1197

220z 1snbny 9| uo1senb Ag 9z 20%/1L 61 L/6/81/2191E/PI0/W0o dNo olWepeok//:Sd)y Wol papeojumoq



