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Background. Diarrheal illnesses remain a leading cause of morbidity and mortality globally, with increasing
recognition of long-term sequelae, including postinfectious irritable bowel syndrome and growth faltering, as well
as cognitive deficits in children. Identification of specific etiologic agents is often lacking. In vitro and in vivo data
suggest that enterotoxigenic Bacteroides fragilis (ETBF) may contribute to the burden of colonic inflammatory
diarrheal disease. The study goal was to investigate the pathogenesis of ETBF diarrheal illnesses.

Methods. We performed an observational study of children and adults with acute diarrheal illnesses in Dhaka,
Bangladesh, from January 2004 through November 2005, to define the clinical presentation, intestinal inflammatory
responses, and systemic and intestinal antibody responses to ETBF. Other enteric pathogens were also evaluated.

Results. ETBF was identified to cause a clinical syndrome with marked abdominal pain and nonfebrile in-
flammatory diarrhea in both children (age, 11 year) and adults. Fecal leukocytes, lactoferrin, and proinflammatory
cytokines (interleukin 8, tumor necrosis factor–a)—as well as B. fragilis toxin systemic antitoxin responses—
increased rapidly in ETBF-infected patients. Evidence of intestinal inflammation often persisted for at least 3 weeks,
despite antibiotic therapy.

Conclusions. ETBF infection is a newly recognized cause of inflammatory diarrhea in children and adults.
Future studies are needed to evaluate the role of ETBF in persistent colonic inflammation and other morbid
sequelae of acute diarrheal disease.

Enterotoxigenic Bacteroides fragilis (ETBF) was de-

scribed in 1984 as a cause of lamb diarrheal disease [1]

and in 1987 as associated with human diarrheal disease

[2]. Controlled and cohort studies in both developed

and low-resource countries consistently identify ETBF

as being associated with acute diarrheal illnesses in

young children (age, 1–5 years) [3–8]. In adults, a

Swedish study associated ETBF with diarrheal disease

in those aged 130 years [9]. Acute, watery diarrhea was

reported in ETBF disease, but detailed stool sample

studies were not performed. By contrast, experimental

infection in rabbits and gnotobiotic piglets suggests that

ETBF induces colonic inflammation [10–12]. Consis-
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tent with this observation, the only known virulence

factor of ETBF—the B. fragilis toxin—stimulates se-

cretion of the proinflammatory cytokine, IL-8, by in-

testinal epithelial cells in vitro [13–16]. Because avail-

able clinical observations on ETBF disease contrasted

with experimental results, our study goal was to char-

acterize the clinical characteristics and pathogenesis of

ETBF infections. We chose to conduct our study in

Bangladeshi children and adults because this is a pop-

ulation in whom ETBF is known to be endemic [5, 6,

17].

METHODS

Recruitment of the study population. Children aged

11 year and adults presenting with acute diarrhea (de-

fined as 13 watery stools per day or any bloody stools)

at the hospital of the International Centre for Diarrheal

Diseases Research (Dhaka, Bangladesh) or at a com-

munity-based clinic in the urban slum Mirpur (Dhaka,

Bangladesh) from January 2004 through November

2005 were enrolled for stool screening to identify in-
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dividuals infected with ETBF; individuals positive for fecal

ETBF infection were then enrolled in the 3-week study. In-

formed consent was obtained from adult patients or from

guardians on behalf of study participants who were !18 years

of age. Study exclusion criteria were as follows: (1) age !1 year,

because ETBF is not associated with diarrheal disease in this

age group [6, 8]; (2) ingestion of antibiotics in the previous 2

weeks; (3) current systemic illness, such as pneumonia or men-

ingitis; and (4) malnutrition in children (weight-age z score 12

SDs below the mean). Epidemiologic data on the clinical man-

ifestations and blood and stool specimens were collected at

enrollment and 3 weeks after diarrhea onset. Dehydration was

defined as none, some, or severe by World Health Organization

criteria [18]. Oral rehydration therapy was provided, and the

evaluating physician administered antibiotics after enrollment

if judged to be clinically warranted. Healthy control individ-

uals—without diarrhea for at least 2 weeks—were recruited

from the same populations. The protocol was approved by the

Ethical Review Committee of the International Centre for Di-

arrheal Diseases Research, Bangladesh, and the Western Inter-

national Review Board in the United States.

Microbiology of stool specimens. Stool specimens were

tested for recognized enteropathogens, including enterotoxi-

genic Escherichia coli, Campylobacter jejuni, Shigella species, Sal-

monella species, and Vibrio cholerae [19, 20], as well as rotavirus

[21]. Stool specimens were tested by direct microscopy for

parasites and helminthes. For isolation of B. fragilis, 100 mL of

stool (or 1 g of stool mixed in 4 mL of PBS for semisolid stool)

was incubated overnight in 8 mL of peptone yeast extract glu-

cose [22] or fastidious anaerobe broth (International Diagnostic

Group) under anaerobic conditions (BBL Anaerobic System;

GasPak Plus) at 37�C. After centrifugation, the bacterial pellet

was inoculated directly on blood agar containing kanamycin

(100 mg/L) and vancomycin (7.5 mg/L) at 37�C for 48 h under

anaerobic conditions. B. fragilis colonies were identified by mot-

tled appearance under stereomicroscopy and were catalase pos-

itive and oxidase negative.

Detection and characterization of the bft allele. The B.

fragilis toxin (bft) gene was detected by PCR (with use of for-

ward primer 5′-CGCGGCATTATTAGCTGCATGTTCTAATG-

3′ and reverse primer 5′-GATACATCAGCTGGGTTGTAGAC-

ATCCCA-3′), to yield a 1-kilobase DNA band, as described

elsewhere [23]. In brief, boiled bacterial DNA (2.5 mL) was

added to a reaction mixture that contained 200 mmol 2′-deox-

ynucleoside-5′-triphosphate, 1.0 U of Taq DNA polymerase

(Takara Bio), 2 mM magnesium chloride, and 10 pmol of each

primer in a final volume of 25 mL. Reactions underwent 30

cycles of amplification (PT-200 Peltier Thermal Cycler; MJ Re-

search), which consisted of 1-min denaturation at 94�C, 2-min

annealing at 62�C, 1-min extension at 72�C, and a final 7-min

extension at 72�C. ETBF strain D-134 and B. fragilis J-139

(nontoxigenic B. fragilis strain) served as positive and negative

controls, respectively; water, instead of template DNA, served

as an additional negative control. PCR products were verified

by 1% agarose gel electrophoresis with ethidium bromide

staining.

HT29/C1 cell assay. Secretion of biologically active B. fra-

gilis toxin was detected in culture supernatants (fresh or frozen

at �20�C until tested) of isolated ETBF strains with use of the

cloned human colonic carcinoma epithelial cell line, HT29/C1,

as described elsewhere [24]. This cell assay detects as little as

0.5 pM of B. fragilis toxin [25]. Culture supernatants of ETBF

strain D-134 and nontoxigenic B. fragilis strain J-139 served as

positive and negative controls, respectively.

ELISA for anti–B. fragilis toxin serum and intestinal

antibodies. B. fragilis toxin was purified as described else-

where [26]. We coated 96-well plates (Nunc) with 5 mg/mL of

purified B. fragilis toxin diluted in PBS (10 mmol; pH, 7.2) at

room temperature overnight. After washing and blocking with

1% bovine serum albumin for 45 min at 37�C followed by

additional PBS-Tween washes, serum samples diluted 1:50 in

0.1% bovine serum albumin and 0.05% Tween-20 in PBS were

added and incubated for 90 min at 37�C. After washing, per-

oxidase-conjugated rabbit anti-human immunoglobulins (IgA

and IgG; Jackson Immuno Research Laboratories) diluted 1:

1000 in 0.1% bovine serum albumin, PBS, and Tween were

added, followed by incubation for 90 min at 37�C. After wash-

ing, orthophenyl diamine (1 mg/mL; Sigma) in 0.2 mol sodium

citrate buffer (pH, 4.5) and 30% hydrogen peroxide solution

was added. The optical density was measured kinetically at 450

nm for 5 min, and the results were expressed as the change in

milliabsorbance units per minute [27]. The immune responses

in patients on different study days were compared with that

seen at 1 time point in healthy control individuals; values �2-

fold higher than the mean � SEM of the healthy control in-

dividuals was defined as a serologic response to B. fragilis toxin.

Other stool and serum assays. Intestinal inflammation was

assessed by the following: (1) stool occult blood detected using

the modified guaiac acid procedure [28], (2) fecal polymor-

phonuclear leukocytes detected by microscopy with use of

methylene blue staining [29], and (3) sandwich EIAs to detect

fecal lactoferrin (Oxis International), IL-8 (BD Biosciences),

and TNF-a (BD Biosciences). EIA detection limits were 5, 4,

and 7.8 pg/mL for lactoferrin, IL-8, and TNF-a, respectively.

Serum C-reactive protein was measured by the Immulite High

Sensitivity CRP assay with a detection limit of 0.01 mg/dL

(Diagnostic Products), as described by the manufacturer. Blood

leukocyte counts were quantitated by differential counts with

use of microscopy.

Antibiotic susceptibility testing. Susceptibility testing was

performed using the Clinical Laboratory and Standards Insti-

tute reference standard agar dilution method [30].
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Table 1. Enterotoxigenic Bacteroides fragilis (ETBF) isolation
by age of study participants.

Age group,
years

No. of
positive isolates

Percentage of
ETBF-positive

isolatesB. fragilis ETBF

1–5 113 25a 22.1
5–15 131 18 13.7
115 173 30 17.3

Total 417 73b 17.5

a for children aged 1–5 years versus older age groups.P p .955
b Forty-three (59%) of 73 enterotoxigenic B. fragilis–positive patients were

aged !15 years versus 30 (41%) of 73 who were older ( ).P ! .047

Figure 1. PCR products of the bft gene. Amplicons were separated on a 1.0% agarose gel. Lane 1, The bft gene from positive control strain D-
134. Lane 2, Negative control strain J-139. Lanes 3–15, Amplified bft from Bacteroides fragilis strains isolated from study participants. Lane 16, One-
kilobase DNA ladder (Promega).

Statistical analyses. Data are expressed as median values

with 25th and 75th percentiles and were analyzed by the Wil-

coxon signed rank test and the Mann-Whitney U test with use

of SigmaStat 3.1 statistical software (Systat Software). P values

�.05 defined statistically significant differences.

RESULTS

Isolation of B. fragilis, ETBF, and other enteropathogens.

A total of 1209 patients with diarrhea were screened for carriage

of B. fragilis and ETBF. The first 714 stool samples were en-

riched using peptone yeast glucose medium, yielding B. fragilis

in 227 (31.8%); subsequently, stool enrichment with use of

fastidious anaerobe broth media yielded isolation of B. fragilis

in 190 positive stool samples (38.4%) of the 495 screened

( ), which indicates that fastidious anaerobe broth isP p .021

superior as an enrichment medium for B. fragilis recovery.

Overall, 417 (34.5%) and 86 (7.0%) of the 1209 stool samples

yielded B. fragilis and ETBF, respectively. Of B. fragilis strains

isolated, 86 (20.6%) of 417 were ETBF; all ETBF isolates were

confirmed by PCR for the bft gene (figure 1) and by detection

of biologically active B. fragilis toxin in culture supernatants of

the ETBF strains in the HT29/C1 cell assay (data not shown).

There are 3 reported bft alleles [31]. All ETBF isolates that were

available for analysis (79 isolates) possessed the bft-1 allele ex-

cept 2 isolates that contained the bft-2 allele. Only enterotox-

igenic E. coli isolates (5 isolates positive for the heat-stable

enterotoxin, 1 for the heat-labile toxin, and 1 for both) were

identified as copathogens in 7 (8.1%) of 86 study participants.

Epidemiology of ETBF infection. Of the 86 individuals

from whom ETBF was isolated, 73 consented to participate in

the 3-week study. ETBF infections were evenly distributed by

sex (38 male [52%] and 35 female [48%]). Table 1 shows the

rates of ETBF isolation by the age of the study participants.

Overall, 43 (59%) of the 73 ETBF-positive study participants

were children aged !15 years ( ). ETBF isolation wasP ! .047

not more common among children 1–5 years of age than

among older age groups ( ). Most (59 [81%] of 73) ofP p .955

the ETBF-infected study participants were identified in the Mir-

pur community; the remaining individuals were identified at

the International Centre for Diarrheal Diseases Research Hos-

pital (Dhaka, Bangladesh) ( ).P ! .001

Figure 2 shows the monthly and seasonal isolation of B.

fragilis and ETBF during the study. Both nontoxigenic B. fragilis

and ETBF were isolated in diarrheal specimens throughout the

year. However, isolation rates for ETBF (59%) were significantly

higher during the hot, dry spring months (March–May) than

during either the summer months (June–October; ETBF iso-

lation, 27%; ) or winter months (November–February;P ! .002

ETBF isolation, 14%; ). In contrast, 40% and 35% ofP ! .001

the B. fragilis was isolated during the spring and summer sea-

sons, respectively ( ).P p .559

Clinical presentation of ETBF infection. ETBF-infected in-

dividuals reported substantial abdominal pain (64 patients

[88%]), tenesmus (48 [66%]), and nocturnal diarrhea (58

[79%]). In contrast, fever (temperature, 137.8�C; 5 patients

[7%]), leukocytosis (median leukocyte count, /mm3;38.5 � 10

range, /mm3), and fecal occult blood (6 patients37.0–9.8 � 10

[8%]) were identified infrequently. ETBF was associated with

acute diarrheal illnesses that lasted a median of 3 days (range,
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Figure 2. Mean monthly isolation of Bacteroides fragilis (BF) and en-
terotoxigenic B. fragilis (ETBF) during the study. Data for the month of
December are from 1 year only (2004). B. fragilis and ETBF isolations
were from 350 and 859 of a total of 1209 patients with diarrhea who
were evaluated at the International Centre for Diarrheal Diseases Re-
search (Dhaka, Bangladesh) and Mirpur sites (Dhaka, Bangladesh), re-
spectively, during the study. At the International Centre for Diarrheal
Diseases Research and Mirpur sites, 16–44 and 34–123 patients with
diarrhea, respectively, were evaluated monthly, with the lowest number
evaluated during November and the highest number evaluated during
March.

Table 2. Stool polymorphonuclear leukocytes in enterotoxi-
genic Bacteroides fragilis infection.

Stool polymorphonuclear
leukocyte count range
per high-power field

No. (%) of patients with stool
polymorphonuclear leukocytes

Days 1–3 Days 5–11 Day 21

0–10 15 (20.5) 58 (79.4) 31 (42.5)
10–20 44 (60.3) 14 (19.2) 38 (52)
20–50 10 (13.7) 1 (1.4) 1 (1.4)
Not done 4 (5.5) 0 (0) 3 (4.1)

2–11 days) and resulted in dehydration in 14 individuals (19%);

no individual experienced severe dehydration. Because the clin-

ical symptoms of abdominal pain and tenesmus were reported

as being severe, the clinician chose to treat 61 (84%) of the

patients with antibiotics (metronidazole, 400 mg 3 times daily

for 5 days [56 adults]; metronidazole, 20 mg/kg daily for 5

days [3 children]; nalidixic acid [1 child]; and cotrimoxazole

[1 child]); 12 patients (16%) received no antibiotics. On day

21, B. fragilis and ETBF were identified by stool culture in 16

patients (22%; 14 of them had received metronidazole) and 1

patient (1%; who had received metronidazole), respectively, of

73 patients evaluated. Of 58 initial ETBF isolates tested, 97%

were sensitive to ampicillin, 90% were sensitive to clindamycin,

93% were sensitive to metronidazole, and 74% were sensitive

to tetracycline.

Stimulation of intestinal inflammation by ETBF infection.

Table 2 gives the quantitation of fecal polymorphonuclear leu-

kocytes during the ETBF illness. Notably, 170% of ETBF-in-

fected patients had excess fecal polymorphonuclear leukocytes

(110 per high-power field) at the onset of the diarrheal illness,

with evidence of persistence of intestinal inflammation in ∼55%

on day 21 after illness onset. Of the 39 patients with 110 poly-

morphonuclear leukocytes per high-power field in stool sam-

ples on day 21, 34 (87%) had received treatment with antibi-

otics (33 with metronidazole and 1 with nalidixic acid).

To further assess intestinal inflammation in ETBF-infected

patients, fecal lactoferrin (a protein released from the granules

of polymorphonuclear leukocytes) and 2 proinflammatory cy-

tokines (TNF-a and IL-8) were assessed in the stool samples

collected at the time of ETBF diagnosis (table 3). Lactoferrin,

TNF-a, and IL-8 were significantly increased in the stool sam-

ples of ETBF-infected patients, compared with nondiarrheal

control stool samples obtained from individuals from the same

population and socioeconomic strata as the ETBF-infected pa-

tients. In contrast, serum C-reactive protein, a marker of sys-

temic inflammation, was not significantly different between

ETBF-infected patients and healthy control individuals (median

values, 0.8 vs. 0.3 mg/L for ETBF-infected patients [73 patients]

vs. healthy control individuals [18 individuals]; ). Be-P p .192

cause the diagnosis of ETBF usually required a minimum of 5

days to complete stool collection, culture, and PCR testing for

the bft gene, the mean delay of collection of serum samples

was 7 days (range, 3–10 days).

Stimulation of systemic and mucosal immune responses by

ETBF infection. Table 4 gives the results of assessment of

serum and fecal IgG and/or IgA for anti–B. fragilis toxin an-

tibodies by ELISA. Analysis of serum at days 7 and 21 after

onset of ETBF infection identified significant increases in sys-

temic IgG and IgA anti–B. fragilis toxin antibody titers, com-

pared with healthy control serum samples ( for bothP ! .005

IgG and IgA titers, patients vs. control individuals). Overall,

64 (96%) of 67 and 54 (79%) of 68 ETBF-infected patients

developed serum IgG and IgA responses, respectively, to B.

fragilis toxin by day 7, compared with 2 (12.5%) of 16 and 3

(30%) of 10 among healthy control individuals, respectively.

In contrast, fecal anti–B. fragilis toxin IgA responses did not

differ significantly between control individuals and ETBF-in-

fected patients, although anti–B. fragilis toxin IgA increased

over time in the ETBF-infected population (median geometric

titer, 18.3 for control individuals and 18.3 for ETBF-infected

patients on day 1, and 37 for ETBF-infected patients on day

7; , day 1 compared with day 7 responses). By day 7,P ! .06

fecal IgA was detected in 29 (49%) of 59 ETBF-infected patients

and in 3 (30%) of 10 healthy control individuals ( );P p .17

fecal IgA was not tested on day 21.

DISCUSSION

This study defines ETBF, to our knowledge for the first time,

as an inflammatory enteric pathogen in humans. ETBF was
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Table 3. Intestinal inflammation in enterotoxigenic Bacter-
oides fragilis infection.

Mediator

Patients at
enrollment
(n p 73)

Healthy control
individuals
(n p 18) P

Lactoferrin, ng/mL 58 (21–161) 12 (0–27.5) !.001
IL-8, pg/mL 174 (19.5–205) 0 !.001
TNF-a, pg/mL 17 (8–43) 0 !.001

NOTE. All data are median and range (25th–75th percentiles), unless
otherwise indicated. The Mann-Whitney U test was used for statistical
analyses.

Table 4. Systemic and mucosal antibody responses to Bacter-
oides fragilis toxin.

Serum response
and test day

Patients
(n p 71)

Healthy
control individuals

(n p 16) P

IgG
Day 7 100.33 (72.5–145.8) 27.66 (21.5–38.0) !.001
Day 21 102.33 (66.4–142.5) NA !.001a

IgA
Day 7 11.17 (7.5–17.5) 5.17 (4–10) .005
Day 21 11.41 (8.3–15.8) NA .002a

NOTE. Data are median (range) milliabsorbance units per minute, unless
otherwise indicated. NA, not applicable.

a P values compared patient data with control data; healthy control individ-
uals were assessed 1 time.

proposed to be a human diarrheal disease agent in 1987 [2],

and the first controlled study associating ETBF with diarrheal

disease was conducted in the Apache population in 1992, where

acute, watery diarrheal disease in children aged 11 year was

observed [7]. Subsequent human studies confirmed the asso-

ciation of ETBF with diarrheal disease and extended the path-

ogenicity of ETBF to adults [9, 32]. However, because bloody

diarrhea was not observed, ETBF infection was presumed to

cause noninflammatory diarrhea. Our detailed studies indicate

that ETBF induces intestinal, likely colonic (on the basis of the

known intestinal niche of B. fragilis), inflammation in most

infected symptomatic individuals. These clinical data are sup-

ported by laboratory studies that identify ETBF and B. fragilis

toxin as potent inducers of IL-8 synthesis and secretion by

intestinal epithelial cells and colitis in mice, rabbits, and gno-

tobiotic piglets [10–16, 33]. Similarly, ETBF and B. fragilis toxin

stimulate fluid secretion and mixed cellularity inflammation

when tested in ligated small bowel and colonic segments in

animal models [34–36]. When compared with data reported

on intestinal inflammation detected in the stool samples of

Bangladeshi patients infected with enterotoxigenic E. coli, V.

cholerae, or Shigella species, ETBF infection stimulates a greater

stool inflammatory response than does enterotoxigenic E. coli

or V. cholerae but generally causes less marked inflammation

than does Shigella infection (data not shown) [37–39]. Our

results are a reminder that the origin and pathogenesis of most

diarrheal illnesses cannot be predicted at the bedside without

specific microbiology and other laboratory studies.

Another striking and previously unreported feature of symp-

tomatic ETBF infection is its association in our study with

substantial abdominal pain and tenesmus, symptoms also con-

sistent with colonic inflammatory disease. The severity of the

abdominal discomfort led the clinicians evaluating the patients

to empirically treat patients with metronidazole when or even

before ETBF infection was diagnosed. It is unknown whether

antibiotic therapy modifies the clinical course and is of clinical

benefit to those with ETBF infection; a randomized controlled

therapeutic trial would be required to address this issue. The

frequent use of antibiotic therapy in our population limited

our ability to define the natural history of ETBF infection. This

study combined with prior studies and additional data from

the International Centre for Diarrheal Diseases Research (Ban-

gladesh) (F.Q. and R.B.S., unpublished data) suggest that ETBF

infections are usually acute, mildly dehydrating diarrheal ill-

nesses but that significant abdominal pain may occur. Excep-

tions of ETBF infection associated with prolonged diarrheal

illnesses are reported [6, 7]. Consistent with frequent antibiotic

use in this population, 7% of ETBF strains isolated were re-

sistant to metronidazole, a frequency higher than noted else-

where [40].

Nontoxigenic B. fragilis has recently been reported as a sym-

biont that may modulate systemic T cell–dependent immunity

[41]. Our data demonstrate that symptomatic ETBF infection

stimulates systemic and mucosal antibody responses to B. fra-

gilis toxin, the only identified virulence factor of ETBF. Ad-

ditional data confirm the detection of anti–B. fragilis toxin

antibodies by Western blot analysis (C.L.S., S.I., and F.Q., un-

published results). Detected anti–B. fragilis toxin antibody re-

sponses were significantly greater than in control serum samples

obtained from individuals in the same community and of sim-

ilar socioeconomic background. The age-dependent seroprev-

alence of antibodies to B. fragilis toxin is unknown but deserves

further study. Asymptomatic ETBF infection identified in con-

trol populations of published studies is not uncommon and

has a prevalence range of 4%–20% [8]. In 1 endoscopy-based

study, ETBF was recovered from 35% of stool samples of con-

trol patients without diarrhea [42]. It is unknown whether

colonic carriage of ETBF is associated with development of

anti–B. fragilis toxin serum antibodies similar to the age-de-

pendent increase in prevalence of antibodies to the Clostridium

difficile toxins A and B [43]. One limitation of our observations

is that we could not determine whether infected patients were

seronegative for B. fragilis toxin antibodies at the onset of their

illnesses. Initial serum sample collection was delayed an average

of 7 days, until the diagnosis of ETBF infection was made by
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anaerobic stool culture followed by specific detection of B.

fragilis toxin by PCR and/or a tissue culture assay (HT29/C1

cell assay). Our data also do not ascertain whether induction

of antibody responses to B. fragilis toxin is T cell dependent,

similar to immune responses to the polysaccharide capsule of

B. fragilis [44].

Classic microbiologic approaches indicate that B. fragilis

comprises a small percentage of the fecal flora but emerges as

the leading anaerobe in human disease [45–47]. On the basis

of stool cultures, 40%–70% of humans are estimated to be

colonized with B. fragilis. The accuracy of these prevalence

estimates has not been verified using molecular approaches to

detect B. fragilis in stool samples, and the durability over time

of fecal carriage of specific B. fragilis strains is not known. Our

data suggest that seasonal variations in B. fragilis carriage occur;

alternatively, seasonal variations in fecal flora facilitate the re-

covery of B. fragilis. Limited data suggest that ETBF may com-

prise a greater proportion of the fecal flora during diarrheal

illnesses and that long-term carriage of ETBF after a diarrheal

illness may occur [7]. Because persistent moderate inflamma-

tion, as assessed by fecal polymorphonuclear leukocytes, was

noted in our study population despite apparent eradication of

ETBF by metronidazole therapy in most patients, an important

question that emerges from our data is whether asymptomatic

carriage of ETBF is associated with ongoing intestinal inflam-

mation and is associated with other intestinal diseases, such as

postinfectious diarrhea-predominant irritable bowel syndrome

[48]. In this regard, preliminary observations suggest an as-

sociation between active inflammatory bowel disease and co-

lorectal carcinoma and ETBF infection [42, 49, 50]. The on-

going intestinal inflammation detected at 21 days is likely not

unique to ETBF infection, because a prior study of Shigella

infections in the same population also suggested a protracted

colon inflammatory response [51].

Our observations that symptomatic ETBF infection stimu-

lates intestinal inflammation in most patients alters our un-

derstanding of the pathogenesis of ETBF disease and raises

pertinent new questions about the epidemiology of ETBF in-

fection and the role of ETBF in colonic disease. Currently, the

diagnosis of ETBF infection is technically difficult and is re-

stricted to research settings. Development of rapid, molecular

approaches for diagnosis of ETBF infection will allow these

areas of concern to be addressed.
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