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Background. No studies so far have examined en-
teric infections in patients undergoing bone marrow
transplantation (BMT) in developing countries where
asymptomatic carriage and colonization with enteric
pathogens is frequent.

Methods. A prospective study followed 65 patients
who underwent BMT in South India between 1995 and
1998. Patients were screened for enteric pathogens
before transplantation, weekly during the first 4
weeks after transplantation, and during all episodes of
diarrhea.

Results. Enteric pathogens were found in 60% of pa-
tients before or after transplantation. Pretransplanta-
tion screening revealed asymptomatic excretion of en-
teric pathogens in 29% (19/65). Forty-eight percent of
patients undergoing BMT developed diarrhea. Diar-
rhea was mainly of noninfectious origin in the first 20
days after transplantation. More than 20 days after
transplantation, the major causes of diarrhea were
graft-versus-host disease and infection. Parasitic in-
fections other than Cryptosporidium did not contrib-
ute significantly to morbidity in the pre- and post-
transplantation period. Rotavirus and adenoviruses
were found in approximately 12% and 5% of subjects,
respectively. Bacterial infections in the posttransplan-
tation period were found to be more common in India
than in developed countries. Clostridium difficile-as-
sociated diarrhea was seen in the posttransplantation
period but not before transplantation. Enterotoxi-

genic and enterohemorrhagic Escherichia coli caused
symptomatic infections in the posttransplantation pe-
riod, but the association of other classes of diarrheo-
genic E. coli with diarrhea was doubtful.

Conclusions. There was significantly higher mortal-
ity (P<0.01) in patients with symptomatic or asymp-
tomatic gastrointestinal infections caused by bacteria
than in patients with parasitic or viral infections or
without enteric infections.

An increasing number of allogeneic bone marrow trans-
plantations (BMT) are being performed, in both developed
and developing countries, for the treatment of patients with
disorders of the hemopoietic system. Apart from regimen-
related toxicities, these patients are at risk for infection with
unusual and opportunistic pathogens because of immunosup-
pression and for developing immunological complications
such as graft-versus-host disease (GVHD), all of which can
affect the gastrointestinal tract (1–4).

There are very few reports of a systematic evaluation of the
etiology of infectious diarrhea in patients undergoing BMT.
Case reports and studies of small series of BMTs have re-
ported enteritis caused by rotavirus (5, 6), adenovirus (7),
coxsackievirus (8), Acinetobacter (9), Cryptosporidium (10)
and Giardia lamblia (11). Prospective studies of larger series
have shown variable rates of intestinal infections in post-
BMT patients. A 40% incidence was reported in a study of 78
patients carried out in 1980–1981, with viruses and Clostrid-
ium difficile as the commonest cause of infections (12). An-
other study of 143 patients undergoing BMTs during 1981–
1988 identified 36 infectious agents including bacteria,
viruses, parasites and fungi (13). Enteric viruses were iso-
lated from 19 patients in another prospective study of 94
patients (14). A smaller study of 12 pediatric patients re-
ported a 52% incidence of infectious diarrhea as a result of
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viruses, parasites, and C. difficile (15). The largest and most
systematic study to date followed 296 patients and found
intestinal infections only in 20 episodes of diarrhea, with
viruses and C. difficile the most commonly identified organ-
isms (16).

No studies on the etiology of diarrhea have been carried
out in developing countries so far. The objectives of this study
were to determine the etiology of diarrhea after BMT with
particular emphasis on infections, in a tropical environment,
where most individuals have had multiple enteric infections
before their admission to the hospital and where asymptom-
atic carriage of enteric pathogens is common (17, 18).

PATIENTS AND METHODS

Patient identification. All patients who underwent allogeneic
BMT from matched, related donors between September 1995 and
March 1998 were included in the study. The 65 patients enrolled in
this study were diagnosed to have thalassemia major (n�36), chronic
myeloid leukemia (n�11), acute myeloid leukemia (n�8), aplastic
anemia (n�6), acute lymphoblastic leukemia (n�1), Wiskott-Aldrich
syndrome (n�1), congenital pure red cell aplasia (n�1), and parox-
ysmal nocturnal hemoglobinuria (n�1). Among the thalassemic pa-
tients, there were 24 males and 12 females, with an average age of
7.4 years. The 29 nonthalassemia patients were 17 males and 12
females, with an average age of 23.2 years.

Evaluation during study period. During conditioning therapy,
and in the posttransplantation period, signs and symptoms, drug
usage, transfusions given, and the results of laboratory tests were
recorded. Evaluations for mucositis and GVHD were carried out by
the attending physician and supported by appropriate laboratory
investigations.

Sample collection and examination. All patients scheduled to un-
dergo or undergoing BMTs were kept under microbiological surveil-
lance from admission into the transplant unit, during conditioning
therapy, and after the transplantation until recovery from neutro-
penia. Throat swabs and stool were collected from all patients at
least once a week during the surveillance period, and these were
cultured for aerobic bacterial pathogens and fungi. All organisms
isolated from throat and stool had their antibiotic susceptibility
patterns determined. Additional stool samples were collected at the
same time from these patients, before transplantation and once a
week for the first 4 weeks. If a patient developed diarrhea (defined as
the passage of three or more stools of any consistency per day),
additional samples were analyzed until cessation of diarrhea. Other
than the surveillance cultures, a total of 336 stool specimens were
obtained from 65 patients. The specimens were received in the lab-
oratory and processed within 2 hr for bacteria, viruses, and parasites
as described earlier (18). Briefly, bacteria were identified by stan-
dard enteric pathogen culture techniques, adherence assays, and
toxin testing. Toxin testing and adherence assays were done for at
least five colonies of Escherichia coli by techniques that have been
described earlier (19). We tested for C. difficile toxin (CDT) using a
cytotoxin assay by neutralization of cytotoxic effect by C. sordellii
antiserum in HEp-2 cells (20). Viruses were identified by electron
microscopy, latex agglutination for rotavirus (Meritec, Meridian Di-
agnostics, Cincinnati, OH), and culture in HT-29 and SkCo cells (21).
Parasites were identified by examination of saline and iodine prep-
arations and by modified acid-fast, Field’s, and modified trichrome
staining, directly and after concentration.

Invasive evaluation. Upper gastrointestinal endoscopy and biopsy
were performed in three patients. Rectal biopsy specimens were
taken for histology in 15 patients.

Statistical analysis. The chi-square test was used to assess sig-
nificance of etiological association and differences in mortality be-
tween infected and uninfected patients.

RESULTS

Clinical course and outcome. Four patients had diarrhea
during the period of conditioning therapy. No pathogens were
isolated from any of these patients. A total of 31 patients
developed diarrhea in the posttransplantation period: 8 de-
veloped diarrhea in the first 20 days after transplantation,
whereas 23 had diarrhea more than 20 days after transplan-
tation. Enteric pathogens were identified in 17 patients with
diarrhea. Pathogen isolation (1 of 8, 12.5%) in patients with
diarrhea was low in the phase of neutropenia and higher 20
days after transplantation (16 of 23, 69.5%).

Mucositis was recorded in 14 patients, usually beginning
only after the third day after transplantation and resolving
within a few days, not later than 3 weeks after transplanta-
tion (Table 2). Twenty-six patients developed GVHD. Skin
biopsy specimens were taken in 16 patients and showed
GVHD in 12 patients. Rectal biopsy specimens from 15 pa-
tients showed mild GVHD in 5 patients, grade III GVHD in
2 patients, and grade IV GVHD in 3 patients. All three
patients with grade IV GVHD on rectal biopsy died; CDT
was identified from the stool filtrate of one of these pa-
tients. In the five rectal biopsy specimens in which there
was no GVHD, acute proctitis was reported in two and
acute colitis in two. One rectal biopsy specimen that
showed acute proctitis was taken from a 5-year-old child
from whom Shigella flexneri had been isolated before
transplantation, who continued to have intermittent diar-
rhea up to day 73 after transplantation and subsequently
died. CDT was identified in the stool of one patient with
acute colitis, but this patient was treated with vancomycin
and recovered. Eight patients had GVHD affecting more
than one organ system.

During the course of the study, 21 transplant patients
died, 3 in the first 20 days after transplantation, 11 between
20 and 100 days, and 7 at more than 100 days after trans-
plantation. Eight had thalassemia, six had acute myeloid
leukemia, four had aplastic anemia, and three had chronic
myeloid leukemia. Twelve (38.7%) of 31 patients who had
diarrhea after transplantation died. In four patients, the
terminal events could be attributed directly to gut-related
disease, GVHD, or infection.

Pretransplantation screening. Pretransplantation screen-
ing of stool showed the presence of enteric pathogens in 19
patients (Table 1). The organisms isolated were mainly par-
asites (n�10) and viruses (n�6). None of the 19 patients had
diarrhea in the pretransplantation period, but 8 developed
diarrhea in the posttransplantation period. At the time of
diarrhea, 4 of the 8 had the same pathogens as had been
identified before transplantation. No organisms were seen in
the remaining four patients.

In 11 patients (7 with parasites, 3 with caliciviruses, 1
with adenovirus, 2 with enteroaggregative E. coli [EAggEC],
and 1 with Candida), although putative enteric pathogens
were identified before transplantation, the patients did not
develop diarrhea at any time. The patient with adenovirus
identified by electron microscopy on pretransplantation
screening did not have diarrhea but developed hematuria 40
days after transplantation, and adenovirus was observed in
the urine.

Posttransplantation infections. Posttransplantation ex-
amination of stool revealed enteric pathogens in 31 patients
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(Table 1). The organisms isolated were bacteria (n�20), vi-
ruses (n�11), and parasites (n�6).

Parasitic infections. One patient had Cryptosporidium
identified both before and after transplantation but had di-
arrhea only in the posttransplantation period. Two other
patients excreted Cryptosporidium oocysts in the posttrans-
plantation period, and both had intermittent diarrhea during
the third and fourth weeks, which subsequently subsided.
The other patients in whom parasites were identified did not
have diarrhea. Microsporidia were not identified in any pa-
tient. There was no significant association between parasitic
infections, diarrhea morbidity, development of GVHD, or
overall mortality in this group of patients.

Viral infections. Of 10 patients with viral infections after
transplantation, 5 of 6 rotavirus infections were symptom-
atic. Both patients with adenovirus had diarrhea associated
with pain and bleeding more than a month after transplan-
tation: one patient recovered, while the other had gut and
liver GVHD, developed septicemia and pulmonary aspergil-
losis, and died. One patient with diarrhea during the fourth
week after transplantation was diagnosed with cytomegalo-
virus (CMV) enteritis histologically but also developed
GVHD and disseminated aspergillosis and died.

Acute infection as a result of CMV occurred in 10 patients,
in whom either CMV IgM or polymerase chain reaction was
positive, or CMV inclusion bodies were seen on histopathol-
ogy with associated active infection. There was no significant
association between enteric viral infection and development
of GVHD or overall mortality, but CMV disease, not limited
to the gastrointestinal tract, was associated with increased
mortality (P�0.05).

Bacterial infections. Symptomatic bacterial infections
were caused by S. flexneri, enterotoxigenic E. coli (ETEC),

enteropathogenic E. coli (EPEC), enterohemorrhagic E. coli
(EHEC), and C. difficile. A total of nine patients had CDT
identified in stool in the posttransplantation period, of whom
one did not have diarrhea. One patient who had CDT iden-
tified from stool developed gastrointestinal bleeding and died
5 weeks after transplantation. Three patients had CDT iden-
tified from stool at the time of diarrhea 3–4 weeks after
transplantation, were treated with vancomycin, recovered,
and then developed aspergillosis (disseminated�1, pulmo-
nary�2) and died. Two patients with CDT in stool and diar-
rhea in the fourth posttransplantation week were treated
with vancomycin and recovered. There was a significant as-
sociation between posttransplantation bacterial infection
and morbidity caused by diarrhea (P�0.02) and overall mor-
tality (P�0.01), but not with development of GVHD.

DISCUSSION

Before transplantation. Pretransplantation infections
were identified in 19 patients but did not result in diarrhea.

TABLE 1. Enteric pathogens isolated/identified from 65 patients undergoing BMT in the pre- and
posttransplantation periods

Pathogen Pretransplantation alone n
(number died)

Posttransplantation alone n
(number died)

Both pre- and posttransplantation n
(number died)

Parasites
Cryptosporidium 3 2 2 (1)
Isospora 1 — —
Giardia — 1 —
Dientamoeba 1 (1) — —
Ascaris 2 1 —
Ancylostoma 1 — —

Viruses
Calicivirus 3 1 —
Rotavirus 1 (1) 6 1
Adenovirus 1 2 (1) —
Cytomegalovirus — 1 (1) —

Bacteria
S. flexneri 2 (2) 1 —
S. typhimurium — 1 —
Salmonella C1 — 1 —
Salmonella E1 — 1 —

ETEC 1 1 (1) —
LAEC — 2 —
EHEC — 2 (1) —
EAggEC 2 2 (1) —
C. difficile — 9 (6) —
Fungi
Candida 1 1

Abbreviation used in table: LAEC, locally adherent E. coli.

TABLE 2. Causes of diarrhoea in
posttransplantation patients

Possible cause �20 days
(n)

�20 days
(n)

Mucositis alone 5 1
Infection alone 1 9
GVHD alone 1 6
Mucositis and infection 1 1
Mucositis and GVHD 3 0
GVHD and infection 0 4
Mucositis, GVHD, and infection 0 1
No cause identified 3 3
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Unlike posttransplantation infections, the majority of the
infections were viral and parasitic, with pathogens that are
known to be carried asymptomatically. According to the pro-
tocols followed in the transplant unit, when a putative en-
teric pathogen is identified on pretransplantation screening,
appropriate therapy is instituted promptly. However, the
transplantation is not delayed because 5 days of appropriate
antimicrobial therapy is completed before the neutropenic
phase.

After transplantation. In this study, 48% of patients un-
dergoing BMT developed diarrhea. Mucositis seemed to be
the commonest cause of diarrhea during the first 20 days
after transplantation (Table 2). Early GVHD was seen in four
patients, and only two diarrheal patients had demonstrable
pathogens in the first 20 days after transplantation. In two
patients with GVHD, immunosuppressive therapy resulted
in a temporary response, followed by enteric superinfection
with C. difficile and shiga-like toxin-producing EHEC, with a
fatal outcome.

Parasitic infections. Most patients with parasitic infec-
tions, other than four patients with Cryptosporidium (one of
whom had Isospora as well), did not develop diarrhea. Giar-
dia lamblia is known to cause severe diarrhea coincident
with marrow ablation (11), but in the single patient with
asymptomatic giardiasis in this study, the cysts were identi-
fied 4 weeks after transplantation, after the period of post-
transplantation epithelial recovery.

Viral infections. Among the viral agents of gastroenteritis,
rotavirus caused significant clinical disease in children up to
12 years in this setting, with only one asymptomatic infec-
tion. Other studies have reported an incidence of 10% for
rotaviral infections after BMT (12, 22), similar to the 12.3%
incidence reported here. Infections with caliciviruses were
asymptomatic, therefore further identification of these vi-
ruses was not attempted. In studies from the U.S., symptom-
atic infections caused by coxsackieviruses have been reported
as a major cause of morbidity and mortality in BMT patients,
especially in outbreaks of infection (8), but none were seen
here. Infection with enteric adenoviruses has been reported
in 5–10% of patients undergoing BMT (7, 14). In our study,
the incidence was 4.6% (3/65), and one patient did not have
diarrhea but had hematuria. Although CMV enteritis was
diagnosed in only one patient, there was evidence of acute or
reactivated CMV infection in 10 patients. CMV infection of
the gastrointestinal tract can be most difficult to document,
because it involves subepithelial tissues rather than epithe-
lial cells and may involve intestinal segments unreachable by
endoscopy (23). In an earlier, postmortem study on 10 bone
marrow transplant recipients from this institution, CMV in-
fection was seen in 3 patients, affecting the esophageal mu-
cosa and lungs (24), indicating that CMV is likely to be a
major cause of morbidity in this setting.

Bacterial infections. A total of 25 potentially enteropatho-
genic bacteria were isolated from 21 patients, of whom 17
were symptomatic (Table 1). All except one patient with C.
difficile had diarrhea, which usually responded to vancomy-
cin. Antibiotic therapy was not useful in other bacterial in-
fections. In developed countries, enteric pathogens such as
Salmonella, Shigella, and Campylobacter are rarely found in
the protected environment of transplant units (12, 25, 26),
but unlike tropical settings (17, 18) these are also rarely
identified in the normal human population. In this study,

both Salmonella and Shigella were isolated from posttrans-
plantation patients. Although both patients with Shigella
died after transplantation, both had been treated with cipro-
floxacin, to which the isolates were sensitive and there was
no evidence that gastrointestinal infection caused the mor-
tality. However, nosocomial enteric infections caused by
these and other pathogens have been reported previously in
pediatric patients in this setting (27), although these pa-
tients, unlike those undergoing BMT, did not have their food
sterilized before consumption.

Previous studies have not examined the role of HEp-2 cell
adherent E. coli, ETEC, and EHEC in posttransplantation
diarrhea. In this study, only one isolate produced the local-
ized pattern, and this did not belong to the classical entero-
pathogenic groups. Three isolates produced the aggregative
pattern, but EAggEC infection was not associated with diar-
rhea in two of three patients.

A prospective study on patients undergoing BMT (16) re-
ported that GVHD was a more common (48%) cause of diar-
rhea than enteric infection (13%). This is not similar to our
findings, where after day 20, infections (15 of 25, 60%) were
seen in association with diarrhea more frequently than
GVHD (11 of 25, 44%). However, given the complexity of
physiological changes in these patients, it is difficult to as-
sign causality to a single factor in isolation.

The high prevalence of bacterial enteric pathogens may be
a reflection of the high level of asymptomatic colonization
with enteric pathogens that is present in the community (17,
18), where 20–50% of asymptomatic subjects can harbor
potentially pathogenic enteric organisms. Identification of
colonization in an asymptomatic individual requires re-
peated sample collection, because the numbers of organisms
excreted may be low or infrequently found in the stool, de-
pending on the life cycle (28). In this study, the collection of
multiple samples in all patients may be one factor responsi-
ble for the high rate of identification of putative pathogens in
asymptomatic patients. Although Indian patients undergo-
ing BMT are likely to be at increased risk for development of
gastrointestinal infections, they may be more resistant to
infection by organisms to which they have been previously
exposed multiple times.

In a previous study, in which enteric pathogens were iso-
lated from 40% of patients undergoing BMT, it was found
that patients with enteric infections had a four times higher
risk of dying than patients who did not have infections (12).
This is also borne out by this study, in which 18 of 39 patients
with enteric pathogens died and there were only 3 deaths in
26 patients without enteric infections. Although, enteric in-
fection seemed to be the primary cause of death in only two
patients, it is possible that patients with infections of the
gastrointestinal tract may be more susceptible to infection of
other systems as well. More detailed studies of infections of
other organ systems may help in elucidating the role of
different types of infections in morbidity and mortality in
patients undergoing BMT.

In recent years, studies have examined the relationship of
gastrointestinal and oropharyngeal microflora and the inci-
dence of GVHD, with some investigators finding that decon-
tamination of these regions can lead to a significant reduc-
tion in the incidence of infections and GVHD (29, 30). Some
of the protocols available are promising and should be tested
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in our population for prevention of morbidity caused by gas-
trointestinal and other disease.
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