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Entamoeba moshkovskii Is Associated With
Diarrhea in Infants and Causes Diarrhea and
Colitis in Mice
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Background. Entamoeba moshkovskii is prevalent in developing countries and morphologically indistinguish-
able from pathogenic Entamoeba histolytica and nonpathogenic Entamoeba dispar. It is not known if E. moshkov-
skii is pathogenic.

Methods. Mice were intracecally challenged with the trophozoites of each Entamoeba spp. to test the ability
to cause diarrhea, and infants in Bangladesh were prospectively observed to see if newly acquired E. moshkovskii
infection was associated with diarrhea.

Results.  E. moshkovskii and E. histolytica caused diarrhea and weight loss in susceptible mice. E. dispar infect-
ed none of the mouse strains tested. In Mirpur, Dhaka, Bangladesh, E. moshkovskii, E. histolytica, and E. dispar
were identified in 42 (2.95%), 66 (4.63%), and 5 (0.35%), respectively, of 1426 diarrheal episodes in 385 children
followed prospectively from birth to one year of age. Diarrhea occurred temporally with acquisition of a new E.
moshkovskii infection: in the 2 months preceding E. moshkvskii-associated diarrhea, 86% (36 of 42) of monthly
surveillance stool samples were negative for E. moshkovskii.

Conclusions. E. moshkovskii was found to be pathogenic in mice. In children, the acquisition of E. moshkov-
skii infection was associated with diarrhea. These data are consistent with E. moshkovskii causing disease, indicat-

ing that it is important to reexamine its pathogenicity.

Entamoeba histolytica causes extensive mortality and
morbidity worldwide through diarrheal disease and
abscess formation in parenchymal tissues such as liver,
lung, and brain. In contrast, other amoebae that infect
humans include Entamoeba dispar, Entamoeba mosh-
kovskii, Entamoeba coli, Entamoeba hartmanni, and
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Endolimax nana, which have been considered non-
pathogenic commensals of the human gut [1-3]. Dien-
tamoeba fragilis and Entamoeba polecki have been
associated with diarrhea and Entamoeba gingivalis
with periodontal disease [4, 5].

E. moshkovskii is genetically related to E. histolytica
and E. dispar and is microscopically indistinguishable
from them in its cyst and trophozoite forms [6]. This
species of Entamoeba was first identified in sewage in
Moscow by Tshalaria in 1941 [7] and was initially
thought to be a free-living common protozoan species
in anoxic sediments and in environments such as
brackish coastal pools. The first human isolate was ob-
tained from a resident of Laredo, Texas, who suffered
from diarrhea, weight loss, and epigastric pain in 1961
[8]. This finding would seem to suggest and/or
support that E. moshkovskii can be pathogenic. At
first, this isolate was named E. histolytica Laredo strain
and shared biological features with E. moshkovskii.
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Both the Laredo strain and E. moshkovskii grow at room tem-
perature and were resistant to osmotic shock and to drugs
used in the chemotherapy of amoebiasis such as emetine [9].
Subsequent molecular studies revealed that E. histolytica
Laredo is identical with E. moshkovskii [10].

E. moshkovskii is a common Entamoeba infection in humans
in some settings. It is composed of anywhere from as little as 1%
to as high as 50% of the E. histolytica/E. dispar/E. moshkovskii
complex parasites detected in fecal samples in limited studies
from Australia, Bangladesh, India, Iran, Tanzania, and Turkey
[6, 11-16]. These studies for the most part tested stool samples
submitted to clinical microbiology laboratories from patients
with gastrointestinal symptoms, suggesting that E. moshkovskii
could cause disease. However, in HIV-1-infected individuals in
northern Tanzania, E. moshkovskii was not associated with
enteric symptoms nor immune status [17]. Thus, the ability of
E. moshkovskii to cause disease in humans remains unclear.

Here we tested the ability of E. moshkovskii to cause colitis
and diarrhea in a murine model system, in which intracaecal
inoculation with E. histolytica trophozoites into CBA/J, C3H/
HeN, and C3H/He] mice leads to amebic colitis [18-20]. In
addition, we tested in a longitudinal study of children in
Bangladesh not only if E. moshkovskii was present in stool
samples from infants with diarrhea, but whether the E. mosh-
kovskii infection was newly acquired at the time of the diar-
rheal illness.

MATERIALS AND METHODS

Mice

Male CBA/], C57BL6/], BALB/c, C3H/HeN, and C3H/HeJ
mice were purchased from the Jackson Laboratory. Animals were
maintained under specific pathogen-free conditions at Animal
Research Center for Tropical Infectious Diseases, Nagasaki Uni-
versity, and were challenged when they were 5-8 weeks old.

Cultivation of Entamoeba spp.

Trophozoites of the E. moshkovskii Laredo strain were a gift
from Dr Seiki Kobayashi, Keio University, School of Medicine
(originally from the late Professor Louis S. Diamond, National
Institutes of Health, Bethesda, Maryland). Trophozoites of
E. histolytica, originally laboratory strain HM1:IMSS (Ameri-
can Type Culture Collection, Manassas, Virginia), were from
Professor Eric Houpt, University of Virginia, which were se-
quentially passaged in vivo through the mouse cecum [18].
Cecal contents were cultured at 25° and 37°C, respectively, in
BIS-33 medium supplemented with heat-inactivated 10%
adult bovine serum, 25 U/mL penicillin, and 25 mg/mL strep-
tomycin [21]. Trophozoites of E. dispar AS16IR were also pro-
vided by Dr Seiki Kobayashi and cultured in YIMDHA-S
media at 37°C. Trophozoites under log phase of growth were
used in the experiments.

Intracecal Inoculation of Entamoeba spp.

Trophozoites were harvested from culture tubes of E. histolyti-
ca HMILIMSS, E. moshkovskii Laredo and E. dispar AS16IR
strains by incubating the tubes on ice for 5-10 minutes. Then,
the trophozites were collected, and the number of trophozoites
was determined. We anesthetized mice with domitor (medeto-
midine hydrochloride: 0.1 mg/kg) and dormicum (midazolam:
0.1 mg/kg), shaved their abdomens to incise the skin and exte-
riorized each cecum from the peritoneum, and injected 150
uL of 1 x 10° each trophozoites into the proximal, middle, and
apical sites of cecum. Then the cecum was blotted and the
peritoneum and the skin were sutured. Mice were kept on
warming blankets at 37°C throughout. Survival rates were
>85% in all strains. The study was approved by the animal
ethical review board of Nagasaki University.

PCR Amplification for Diagnosis of Entamoeba spp. Infection

in Mice

For isolation of Entamoeba DNA from mouse stools, Q[Aamp
DNA Stool kits (QIAGEN, Valencia, California) were used ac-
cording to manufacturer’s instructions. The primer sequences
used for polymerase chain reaction (PCR) were described
elsewhere [22].

Pathology of Murine Amoebic Colitis

At the indicated days after intracecal challenge, mice were
killed, the ceca fixed in phosphate buffered 10% formalin, and
then cut into 4-6 equal cross-sections and embedded in paraf-
fin, and 4 pm slides were stained with H&E.

Child Study Area and Population

The study was conducted in Mirpur, an urban slum in Dhaka.
Infants were enrolled in the first week after birth and followed
until one year of age, beginning in January 2008. Field re-
search assistants (FRAs) visited each study house every other
day and collected information related to child morbidity, espe-
cially for diarrheal illness, through a structured questionnaire.
If the FRA found any child with an acute illness, then she
referred the child to the study clinic for further management
by the medical officer. Parents or guardians were also encour-
aged to visit the study clinic for medical assistance if the study
child became sick. FRAs collected nondiarrheal monthly stool
specimens as well as diarrheal stool specimens from the home
or in the study field clinic. All stool specimens were transport-
ed from the field to the clinic using a cold box. In the field
clinic an aliquot of the diarrheal stool specimens was placed
into Carry-Blair medium. All specimens were transported
from the field clinic to the ICDDR,B Parasitology laboratory
within 3 hours of collection, with a cold chain maintained.
Diarrhea was defined as having >3 unformed or abnormal
stools (as per the mother’s perception) in a 24-hour period. A
diarrheal episode was defined as being separated from another
episode by at least 3 diarrhea-free days.
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The study was approved by the Institutional Review Board
of the University of Virginia, and the Ethical Review Commit-
tee of the International Centre for Diarrhoeal Disease Re-
search, Bangladesh. Informed written consent was obtained
from the parents or guardians for the participation of their
child in the study.

Detection of Enteropathogens

Stool samples were cultured for enteric pathogens including
Vibrio cholerae O1/0139, Salmonella spp., Shigella spp., and
Campylobacter jejuni. Enzyme-linked immunosorbent assay
(ELISA) methods were used to detect LT and ST producing en-
terotoxigenic E. coli (ETEC) [23]. Entamoeba histolytica, Cryp-
tosporidium, and Giardia were identified by real-time PCR as
described elsewhere [24]. Rotavirus, astrovirus, and adenovirus
were detected by ELISA using commercial kits (ProSpectT Ro-
tavirus Catalog R240396, ProSpectT Astrovirus Catalog
R240196, and ProSpectT Adenovirus Catalog R240096, respec-
tively). Multiplex (RT-)PCR and probe-based detection with
Luminex beads for conceivable diarrhea-causative microbes was
performed as described elsewhere in the literature [25-27].

The DNA was extracted using a slightly modified QIAamp
DNA Stool Mini Kit protocol (Qiagen Inc, Valencia, California)
[24]. The RNA was extracted using the QuickGene RNA tissue
kit SII [25, 26]. For the (RT-)PCR-Luminex assay, either the
forward or the reverse primer per target was labeled with
biotin-TEG at 5’ ends. After (RT-)PCR was performed with the
conditions described elsewhere, samples were analyzed on the
BioPlex-200 system using bead on which coupling and hybridi-
zation were performed according to published protocols [28].

Amplification of Arg™®" Gene Fragment and Sequencing

The E. moshkovskii-specific primer pair, EmR-1 and EmR-2,
was used to specifically amplify the E. moshkovskii Arg"“"
gene fragment [13]. Amplification was performed using the
high-fidelity Sahara DNA polymerase (Bio-Line, US). Se-
quencing was performed on an Applied Biosystems 377 Prism
DNA Sequencer, using the BigDye terminator chemistry and

EmR-1 or EmR-2 primer.

Statistical Analysis
The y” test and Mann-Whitney U test were used where they
were applicable.

RESULTS

E. moshkovskii Established the Infection in Mice

We previously showed that C3H/HeN, C3H/He]J, and CBA/]
mice allowed the establishment of E. histolytica infection,
whereas many strains of mice including C57BL/6 and BALB/c
mice did not, indicating that susceptibility to E. histolytica
infection depended on the genetic background of the host

Table 1. Susceptibility of Congenic Strains of Mice to Ent-
amoeba histolytica, Entamoeba moshkovskii, or Entamoeba
dispar Infection

E. histolytica (%)  E. moshkovskii (%)  E. dispar (%)
BALB/c 1/15 (6) 0/10 (0) 0/10 (0)
C57BL/6 2/20 (10) 1/18 (6) 0/15 (0)
C3H/HeJ 8/15 (53) 4/10 (40) 0/10 (0)®
C3H/HeN 7/15 (47) 6/10 (60) 0/10 (0)®
CBAM 61/90 (68) 51/75 (68) 0/20 (0)®

3 P< .05 compared to E. histolytica or E. moshkovskii (x? test).

[18-20]. Trophozoites of either E. histolytica, E. moshkovskii,
or E. dispar were intracecally injected into congenic strains of
mice. E. histolytica successfully infected the ceca of C3H/HeN,
C3H/HeJ, and CBA/] mice. E. moshkovskii infected the ceca of
CBA/] mice in approximately 68% (51 of 75) of mice at 4 days
after challenge, as determined by both culture and PCR of in-
tracecal contents. Likewise, C3H/HeN and C3H/He]J mice
were infected with E. moshkovskii in 60% and 40% of cases at
4 days, respectively, whereas infection rates of C57BL/6 and
BALB/c mice were 5.6% and 0.0% at 4 days, respectively
(Table 1). Nonpathogenic E. dispar did not infect any mouse
strain tested. These data demonstrated that in contrast to non-
pathogenic E. dispar that did not infect, E. moshkovskii had a
similar host genetic susceptibility to infection in the murine
model as did pathogenic E. histolytica.

E. moshkovskii Induced Intestinal Symptoms in Mice

Intestinal symptoms and body weight were monitored after
challenging CBA/] mice with E. moshkovskii. A total of 71%
(51/72) of CBA/J mice inoculated with E. moshkovskii were in-
fected by 3 days after challenge. Diarrhea was observed in 39%
(20/51) and dysentery in 6% (3/51) (Figure 1A-C). In success-
fully infected mice, amoebae were observed in the lumen of the
ceca (Figure 1D). Mice with bloody diarrhea exhibited a thick-
ened and contracted ceca (Figure 1E). Histopathological exami-
nation of ceca from these mice revealed epithelial ulceration,
hemorrhagic changes, and tissue destruction (Figure 1F). Fur-
thermore, obvious weight loss was observed during the course
of E. moshkovskii infection in CBA/] mice, which was more
severe than that observed during pathogenic E. histolytica infec-
tion, both of which were significant compared to control sham-
operated mice (Figure 1H). Together these data indicated that
E. moshkovskii was virulent in mice.

E. moshkovskii Was Expelled Within 14 Days After Challenge,
Whereas E. histolytica Chronically Infected in the Ceca of
Mice

The time course of each Entamoeba spp. infection in sus-
ceptible strains of mice was observed. As was reported [20],
E. histolytica established chronic infection in not only CBA/]
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Entamoeba moshkovskii induced intestinal symptoms and weight loss in CBA/J mice. CBA/J mice were intracecally inoculated with 1 x 10

trophozoites of E. moshkovskii. After infection, diarrhea, colitis, and weight loss were monitored. Normal (A), loose (B), and bloody feces (C) were
observed as was indicated in the results. Amoebae were observed in the lumen of the ceca in successfully infected mice (D). Macroscopic and
histopathological observations of ceca in mice exhibited bloody diarrhea were shown in panels £ and £ Changes in body weight were monitored
in successfully infected 15 mice per group (G), in which CBA/J mice were intracecally inoculated with 1x 10° trophozoites of Entamoeba histolytica
(solid squares), E. moshkovskii (solid circles), or medium alone (open diamonds). The study was repeated 3 times with similar results. *P<1.0 x 1075,
**P21.0x107% and ***P<1.0x 10~* compared with sham-operated mice (Mann-Whitney U test).

but also C3H/HeJ and C3H/HeN mice, whereas neither
C57BL/6 nor BALB/c allowed establishment of E. histolytica
infection (Figure 2). In contrast, E. moshkovskii did not cause
chronic infection, being expelled by approximately 2 weeks
after challenge in CBA/J mice (Figure 2). A similar time to
clearance was seen in C3H/HeN and C3H/He]J mice.

In Infants in Bangladesh, E. moshkovskii Was Detected in
Diarrheal Samples With Similar Frequency to E. histolytica
The association between diarrheal episodes and infection with
each Entamoeba spp. was tested in children in Mirpur, Dhaka,
Bangladesh. These studies were part of a prospective cohort
study on diarrheal diseases [29]. Newborn children were en-
rolled in the Mirpur community of Dhaka, Bangladesh, and
prospectively followed for diarrheal illness by every other day
home visits. A total of 1426 diarrheal episodes were recorded
during the first 12 months of life in 385 children. PCR

analyses of the diarrheal samples revealed that 66 episodes
were positive for E. histolytica (4.63%), 42 were positive for E.
moshkovskii (2.95%), and 5 episodes were positive for E.
dispar (0.35%). As such, in diarrheal samples, the detection
rates of either E. histolytica or E. moshkovskii were 13.2 and
8.4 times higher than that of nonpathogenic E. dispar. Two
episodes were found to be mixed infections with E. histolytica
and E. moshkovskii, but no other mixed infections of Ent-
amoeba spp. were found.

E. moshkovskii Infection Was Newly Acquired in Children
With Diarrhea

In order to attempt to discern if the E. moshkovskii detected
in the diarrheal stool sample could be the cause of diarrhea,
we tested if it was newly acquired at the time of diarrhea. The
preceding 2 months of surveillance stool samples collected
when the child did not have diarrhea were tested for the
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Figure 2. £ntamoeba moshkovskii was expelled within 2 weeks in
CBA/J Mice. CBA/J (open circles) and C57BL/6 (solid circles) mice were
intracecally inoculated with 1 x 10° trophozoites of Entamoeba histolytica
(A) or Entamoeba moshkovskii (B). Time course of each Entamoeba spp.
infection was then monitored by detection of the parasites in stool by
culture and polymerase chain reaction (PCR).

presence of E. moshkovskii. This study design therefore tempo-
rally controlled for E. moshkovskii infection in the 42 infants
with diarrhea attributed to this parasite. In the 1 and 2
months preceding E. moshkvskii-associated diarrhea, 93% (39/
42) and 86% (36/42) of monthly surveillance stool samples,
respectively, were negative for E. moshkovskii (Table 2). This
supported the hypothesis that temporal acquisition of a new
E. moshkovskii infection led to diarrheal episodes in some pro-
portion of these children.

E. moshkovskii-Associated Diarrhea Was of Similar Severity

to Other Causes of Diarrhea

The diarrheal severity score was comparable among episodes
associated with E. histolytica, E. moshkovskii, and other causes:
4.89+0.22, 4.71 £ 0.24, and 4.84 + 0.05, respectively. The du-
ration of diarrhea was also comparable among these episodes
positive for E. histolytica, E. moshkovskii, and others: 4.44 +
0.44, 4.74 £ 0.49, and 4.84 +0.10 days, respectively (Table 3).
The mean age of the onset of diarrheal episodes associated
with E. histolytica, E. moshkovskii, and others was found to be
7.72+0.75, 9.12+0.73, and 9.09 £ 0.18 months, respectively,
without any significant differences. Thus, the diarrhea related
to E. moshkovskii was indistinguishable from diarrhea related

Table 2. Prevalence of Entamoeba moshkovskii Asymptomatic
Infection Preceding E. moshkovskii-Associated Diarrhea in 42
Children

Preceding 1-Month Preceding 2-Month

Category Surveillance Stool Surveillance Stool
E. moshkovskii (+) 8 6
E. moshkovskii (—) 39 36
Total 42 42

Table 3. Severity and Duration of Diarrhea Associated With
Entamoeba histolytica or Entamoeba moshkovskii

Duration Age of Onset
Severity Score (days) in Months

Pathogens (mean = SE) (mean = SE) (mean + SE)
E. histolytica 4.89+0.22 444 +0.44 7.72 +£0.75
E. moshkovskii 4.71+0.24% 4.74 +0.49° 9.12+0.73°
Others 4.84 £0.05 4.84+£0.10 9.09+0.18

2 No significant difference in diarrheal severity score or duration for episodes
associated with E. histolytica, E. moshkovskii, or other enteropathogens
infection.

to E. histolytica in severity, duration, and age of onset
(Table 3).

Additional Enteropathogens Were Identified in Stool Samples
From E. moshkovskii Infected Children

As there are many microbes that can potentially induce diar-
rhea, the presence of other diarrheagenic microbes was tested
in the 42 diarrheal samples that were associated with E. mosh-
kovskii. The 42 samples were examined for other conceivable
diarrhea-causative microbes infection using standard bacterial
culture techniques, fecal antigen detection, and multiplex PCR
combined with probe-based detection with Luminex beads
(Table 4) [25, 26]. In the 42 diarrheal stool samples with E.
moshkovskii, 12 samples (28.6%) contained >4 other patho-
gens, 13 (31.0%) had 3 pathogens, 14 (33.3%) had 2 patho-
gens, 1 (2.3%) had 1 pathogen, and 2 samples were positive
solely for E. moshkovskii (Table 4). The application of these
state-of-the-art diagnostic techniques in this cohort has on
average identifled a minimum of 2 different enteropathogens
in every diarrheal stool sample (E. Houpt and M. Taniuchi,
personal communication, 2011). It was therefore not surpris-
ing that the diarrheal episodes associated with E. moshkovskii
were commonly coinfected.

E. moshkovskii Isolates Were Genetically Diverse in the

Infants

In order to investigate the genetic diversity in E. moshkovskii
strains detected in the infected children’s stools, we used a
tRNA-gene linked locus (R-R), which previously showed PCR
size differences among E. moshkovskii strains from Bangladesh
[12, 30]. Twenty-six E. moshkovskii-positive stool DNAs (6
from asymptomatic children and 20 from diarrheal children)
were amplified using the E. moshkovskii specific nested PCR
primers described elsewhere[12]. However, PCR did not reveal
any obvious product size differences among these samples
(data not shown). Because same size PCR products do not
necessarily mean identical DNA sequences, we sequenced
PCR products directly without cloning them into any vectors
(in order to minimize the chances of any sequence selection)
to detect sequence variation. Sequencing did reveal that the
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Table 4. Other Enteropathogens Detected in Enfamoeba mosh-
kovskii (+) Diarrheal Stool Samples

Table 5. Single-Nucleotide Polymorphisms (SNPs) in the
E. moshkovskii Strains from Bangladesh at Locus R-R

Name of Organism No. of Samples

Encephalitozoon intestinalis
Cyclospora cayetanensis
Cystoisospora belli
Enterocytozoon bieneusi
Adenovirus

Astrovirus

Sapovirus

Norovirus G1

Norovirus G2

Rotavirus

E. histolytica

Giardia intestinalis
Cryptosporidium spp.
Vibrio cholera/parahaemolyticus
EAEC

ETEC

EPEC

EHEC

EIEC/Shigella spp.
Salmonella (pan)
Aeromonas (pathogenic)
Yersinia (pan)
Campylobacter jejuni/coli

—_

—
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E. moshkovskii strains detected in this study were polymorphic
in locus R-R; although unlike the E. histolytica and E. dispar
sequences[31], no short tandem repeats could be detected in
E. moshkovskii. Single-nucleotide polymorphisms (SNPs) were
detected in 2 of the 6 asymptomatic children-derived sequenc-
es and in 6 of the 20 diarrheal children-derived sequences
(Supplementary Figure 1). These SNPs could be used to
divide them into 9 different genotypes—18 strains with identi-
cal locus R-R sequences and the remaining 8 strains contain-
ing >1 distinct SNPs (Supplementary Figure 1 and Table 5).
Because we used a high-fidelity DNA polymerase (Bio-Line,
US) during PCR amplification, it was unlikely that these SNPs
were erroneously introduced by the DNA polymerase. The se-
quence alignment at locus R-R revealed that the E. moshkov-
skii strains of this study were comparatively more diverse than
the reference E. moshkovskii Laredo strain, but closer to the
only Bangladeshi strain (ID:MS15-3646) sequenced previously
(labeled as Em-Laredo and Em-BANGLA, respectively, in
Supplementary Figure 1). The SNPs detected in this study
were distributed randomly across the locus R-R sequences,
and as a result, these SNPs could not be used to differentiate
asymptomatic and diarrheal strains of E. moshkovskii.
However, we noticed from the sequence traces that the 2
asymptomatic strains (IDs:8056-CMS15 and 7086-CMS15)

No. of
ID Clinical Status ~ SNPs Position and SNP Type
7040-CDS05 Diarrhea 6 T204A, C205T, T206C,
C208del, T209del,
T210del
7063-CDS02 Diarrhea 1 T71C
7161-CDS05 Diarrhea 1 T141G
7146-CDS02 Diarrhea 1 A235T
8119-CDS02 Diarrhea 2 T83C, T137C
8113-CDS04 Diarrhea 3 T81C, C120T, G221A
7086-CMS15  Asymptomatic 2 T203W, T204Y
8056-CMS15  Asymptomatic 1 A135R

All positions are based on the consensus sequence in the alignment. W = A/T;
Y=C/T,R=A/G.

showed allelic variation in all 3 SNPs (T203W, T204Y, and
A135R), whereas none of the 6 diarrheal strains showed any
allelic variations in their respective SNPs (Table 5 and Supple-
mentary Figure 2). The significance of this remains unknown
at present.

DISCUSSION

This work draws into question the paradigm that E. moshkov-
skii is avirulent. In the murine model of intestinal amebiasis,
E. moshkovskii caused diarrhea, weight loss, and colitis. In this
way, E. moshkovskii shared with E. histolytica, but not the
nonpathogen E. dispar, the ability to cause disease. In children
in Bangladesh, the new acquisition of E. moshkovskii infection
was associated with diarrhea.

E. moshkovskii infected the ceca of C3H/HeN, C3H/He],
and CBA/J mice, but not C57BL/6 or BALB/c mice, which
was consistent with the host range of pathogenic E. histolytica.
In contrast, the nonpathogenic parasite E. dispar was unable
to infect the intestine of any strains of mice tested. The
finding that E. moshkovskii shared with E. histolytica the
ability to infect mice indicates that they share virulence mech-
anisms, which are not present in E. dispar.

Mouse strain-dependent resistance to E. histolytica infection
was mediated by nonhematopoietic cells [19]. Relatively few
loci on C57BL/6 chromosomes 1 and 2 correlated with resis-
tance to intestinal amebiasis [32]. In humans, one important
means of innate resistance of intestinal epithelial cells to ame-
biasis is leptin, which acts via STAT3 signaling to protect in-
testinal epithelial cells from parasite killing [33, 34]. In this
context, it will be interesting to examine whether this observa-
tion is also true in E. moshkovskii infection, because of the
similar host range as E. histolytica. If the mechanism of resis-
tance to E. histolytica and E. moshkovskii observed in many
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inbred strains of mice is shared with humans, identification of
regional candidate genes in mice has implications for further
understanding the human variability to amebic infection.

E. moshkovskii induced intestinal symptoms including diar-
rhea and bloody stool, typical symptoms of amebiasis, indicat-
ing that E. moshkovskii was pathogenically similar to E.
histolytica at least in mice. Weight loss was also observed
during the course of infection, which was more severe in mice
infected with E. moshkovskii than with E. histolytica. The ob-
servation that E. moshkovskii induced severe intestinal symp-
toms accompanied by weight loss reemphasizes that it is
potentially pathogenic.

However, it is unclear what kinds of differences among Ent-
amoeba spp. result in the different outcomes of infection in
the murine model. Entamoeba histolytica possesses molecules
such as pathogen-associated molecular patterns (PAMPs) on
its surface that stimulate proinflammatory cytokines produc-
tion from antigen-presenting cells [35]. We are investigating
whether parasite PAMPs, host MyD88 signaling, and the
pattern of proinflammatory cytokines produced in response
qualitatively differ between Entamoeba species, may provide
clues to the different severity between CBA/] mice infected
with E. histolytica, E. moshkovskii, and E. dispar.

Entamoeba moshkovskii isolates infecting children were ge-
netically heterogeneous, as evidenced by PCR typing of tRNA
locus R-R. It will be important in future studies of the poten-
tial pathogenicity of E. moshkovskii to take into account this
heterogeneity; as for the case of E. histolytica, not every geno-
type is equally capable of causing disease [36].

The study subjects reported here differ from those of the
previous study examining E. moshkovskii infection in pre-
school children in Dhaka, Bangladesh [13], which was not
focused solely on diarrheal stool samples, but also included
monthly stool samples from asymptomatic children. In addi-
tion, the current study reports on a novel birth cohort longitu-
dinally followed from birth to 1 year of age. Therefore, it is
important to discuss the association between diarrhea in
infants and E. moshkovskii infection in the context of the
cohort.

In conclusion, we found that E. moshkovskii caused diar-
rhea, colitis, and weight loss in mice and that in Bangladeshi
children acquisition of a new E. moshkovskii infection oc-
curred temporally with diarrhea. These data are consistent
with E. moshkovskii causing diarrhea and indicate that it is
important to reexamine its pathogenicity.
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