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ABSTRACT

Introduction: Diarrhea affects a significant
proportion of patients undergoing hematopoi-
etic cell transplantation (HCT). We explored the
diagnostic yield of stool cultures for enteric
pathogens among patients undergoing HCT.
Methods: This is a single-center, retrospective
study. Between 5/2007 and 4/2020, consecutive
patients who underwent HCT were included if
inpatient bacterial stool cultures were collected.
Patient characteristics, results, and timing of
stool cultures obtained during hospitalization
were collected.

Results: A total of 1072 individuals underwent
autologous (n = 603) and allogeneic (n = 469)
HCT. Overall, 947 stool culture samples were
obtained from 561 (52%) patients with diar-
rheal illness during hospitalization for HCT.
Most (99%) samples were obtained beyond
3 days of admission, mainly (77%) during neu-
tropenia. Overall, only four (0.42%) (autolo-
gous, n = 3; allogeneic, n = 1) patients had a
positive stool culture and in all cases Campy-
lobacter spp. were the pathogens identified. The
number of stool cultures needed-to-test to
diagnose one case of bacterial infection was 237.
The cost of diagnosing one case of bacterial
diarrhea was US $8770. Patients with a positive
stool culture did not have discerning
characteristics.
Conclusions: In our experience, the yield of
stool cultures for enteropathogens in patients
undergoing HCT is extremely low and thus
should be avoided in most cases.
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Key Summary Points

Why carry out this study?

Diarrhea is common among patients
undergoing hematopoietic cell
transplantation (HCT), especially at the
time of neutropenia.

Bacterial stool cultures are frequently
obtained in the evaluation of diarrheal
morbidity in this setting; however, its
yield is unclear.

This is the largest study aiming to assess
the yield of bacterial stool cultures in the
evaluation of diarrheal morbidity during
patients’ admission for HCT.

What was learned from the study?

We found high frequency of stool culture
sampling, yet a very low (0.42%) yield of
positive stool cultures obtained from
patients with diarrheal illness during
hospitalization for HCT.

Stool cultures for enteropathogens in
patients undergoing HCT should be
avoided.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13744363.

INTRODUCTION

Diarrhea is a frequent complication in patients
undergoing autologous and allogeneic
hematopoietic cell transplantation (HCT),
affecting approximately 50% of patients [1].
While most commonly attributed to mucosal
injury induced by high-dose chemo/radio

therapy, multiple other etiologies may be
involved. The incidence of infectious gastroen-
teritis associated with HCT reported in the lit-
erature varies from 13% to 40% [2–4], mostly
due to Clostridioides difficile (CD) or viral
infection.

According to the ‘‘3-day rule’’ dogma, diar-
rhea presenting after a patient has been at the
hospital for 3 days should not be submitted for
routine stool cultures for enteropathogens since
they are unlikely to recover any pathogens
[5–7]. While this policy is well established in the
general population, its validity in patients with
hematological malignancies and specifically in
patients undergoing HCT is debatable, as data
in these populations are scarce. Some argue that
hemato-oncology patients should be exempted
from the ‘‘3-day rule’’ and send stool sample for
culture at any hospitalization time point, only if
they are older than 65 years or while neu-
tropenic. Nevertheless, in the HCT setting, most
patients who develop diarrhea, do so around
the neutropenic phase.

Few very small non-homogeneous retro-
spective and prospective studies reported high
rates of diarrhea, yet with low yield of positive
stool cultures among patients undergoing HCT
[8–11].

In the present study, we aimed to assess the
diagnostic yield of stool cultures for enteric
pathogens other than CD in the evaluation of
diarrheal morbidity in a large cohort of patients
admitted for HCT at our institution. We
hypothesized that the ‘‘3-day rule’’ may be
invalid in this setting. This is the largest study
assessing the yield of bacterial stool cultures
during patients’ admission for HCT.

METHODS

Study Design

This is a single-center, retrospective study.
Between May 2007 and April 2020, consecutive
adult patients who underwent autologous and
allogeneic HCT at the bone marrow transplan-
tation unit in the Institute of Hematology at the
Rabin Medical Center were included if inpatient
bacterial stool cultures were collected. Rabin
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Medical Center includes 1300 inpatient beds, 13
beds of which are devoted to the HCT service.
Bacterial stool cultures were obtained only from
patients reporting having three or more loose
stools per day. Patients were identified using the
bone marrow transplantation unit and the
microbiology laboratory electronic medical
records (EMRs). Clinical data were collected
from EMRs.

Data collection included patient demo-
graphics, diagnosis, type of HCT performed
(autologous or allogeneic), results and timing of
stool cultures obtained during hospitalization,
laboratory tests, and associated symptoms (i.e.,
fever, elevated inflammatory markers) in prox-
imity to the time the stool cultures were
obtained.

The study was approved by the Rabin Medi-
cal Center Institutional Review Board. Informed
consent was waived because of the retrospective
design of the study. The study was performed in
accordance with the Helsinki Declaration of
1964, and its later amendments.

General Antimicrobial and Prevention
Measures

All patients were placed in a protective envi-
ronment consisting of well-sealed single bed-
rooms with at least 12 cycles of air exchanges
per hour, HEPA filters, directed airflow, consis-
tent positive air pressure, and self-closing doors.
Patients received a low microbial diet and were
managed under strict contact precaution mea-
sures by hospital personnel to reduce nosoco-
mial infections. Upon admission, surveillance
cultures were taken, namely, nose swabs for
methicillin-resistant Staphylococcus aureus
(MRSA), and rectal swabs for vancomycin-resis-
tant enterococci (VRE), and carbapenem-resis-
tant Enterobacteriaceae (CRE).

Antibiotic Strategy

All transplanted patients were treated with oral
antiviral prophylaxis consisting of acyclovir
400 mg BID. Patients undergoing allogeneic

HCT were given oral antibacterial prophylaxis
consisting of ciprofloxacin 500 mg BID and
during most of the study period also oral anti-
fungal prophylaxis (fluconazole 150 mg QD).
During most of the study period, patients
undergoing autologous HCT were given
antibacterial prophylaxis, consisting of cipro-
floxacin 500 mg BID, but without antifungal
prophylaxis. Only between October 2012 and
July 2016, patients undergoing autologous HCT
were not given any antibacterial prophylaxis.

Endpoints and Statistical Analysis

Primary outcome was the rate of positive bac-
terial stool cultures obtained during hospital-
ization for HCT.

Secondary outcomes were rates of positive
stool cultures among patient subpopulations
(i.e., autologous vs. allogeneic HCT); and at
different time points during hospitalization,
namely within the first 3 days of admission vs.
later time points.

Patient characteristics were summarized
using frequencies (number and percentages) for
categorical variables and median (range) or
mean (SD) for continuous variables, as appro-
priate. We planned to perform a univariable and
multivariable analyses of risk factors for positive
stool cultures. These were not conducted
because of the low rate of positive cases.

Microbiological Methods

Stool samples for culture were sent to the
microbiology laboratory in aseptic containers.
The samples were processed according to
accepted procedures [12]. Briefly, stool was pla-
ted on SS agar, campylobacter blood plates, and
selenite broth. If growth was noticed, enterotest
and Chrom agar salmonella were used. If posi-
tive, agglutination tests were conducted.
Growth of either Salmonella spp., Shigella spp.,
or Campylobacter spp. was considered positive
stool culture.

The same methods apply to all transplant
centers in Israel.
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RESULTS

Between May 2007 and April 2020, 1072 indi-
viduals underwent HCT (autologous, n = 603;
allogeneic, n = 469). Overall, 947 stool cultures
were obtained from 561 (52%) patients (autol-
ogous, n = 356; allogeneic, n = 205) with diar-
rhea during HCT, in search of a bacterial
pathogen (Fig. 1). Indications for HCT in these
patients are presented in Table 1. Rates of stool
culture sampling were higher among patients
undergoing autologous HCT compared to
patients undergoing allogeneic HCT (59% vs.
44%, P\0.001). The number of stool samples
per patient varied: one culture was collected
from 327 (58%) patients and two or more cul-
tures from 234 (42%) patients [median 1 (range
1–8)] (Table 2). Importantly, 99% of the cultures
were obtained beyond 3 days of admission and
77% (n = 727) during neutropenia. The median
times from the day of admission and the day of
HCT to the first stool culture collection were 18
(range 0–64) days and 10 (range - 12 to 61)
days, respectively. Over a 13-year period, only 4

(4/947, 0.42%) stool cultures collected from 4
(4/561, 0.7%) different patients (autologous,
n = 3; allogeneic, n = 1) were positive (Fig. 1);
these four patients were treated with cipro-
floxacin as antibacterial prophylaxis before HCT
and in all cases Campylobacter spp. were the
pathogens isolated, always from the first stool
culture sampled.

None of the four patients with a positive
stool culture had gastrointestinal (GI) symp-
toms upon admission. Patients’ symptoms var-
ied from mild diarrhea to profuse watery
diarrhea accompanied by vomiting, abdominal
pain, and fever. Two patients were neutropenic
at the time of stool sampling and none had
bacteremia. Upon identification of Campy-
lobacter, patients were treated with a macrolide
(azithromycin, n = 3; clarithromycin, n = 1).

Characteristics of the patients with a positive
stool culture are depicted in Table 3.

Between October 2012 and July 2016, 288
stool samples were obtained from 163 patients
who underwent autologous HCT without
antibacterial prophylaxis in accordance with

Fig. 1 Study design, positive stool cultures rates according to patients’ cohorts. HCT hematopoietic cell transplantation
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departmental policy during this period. All 288
stool samples were negative for an enteric
pathogen. Overall, the number of stools-

needed-to-test to diagnose one case of bacterial
(other than CD) infectious diarrhea was 237.

The customary cost of a stool culture,
according to the Israel Ministry of Health is
approximately 37US $ per stool culture. Thus,
the cost of diagnosing one case of bacterial
(non-CD) infectious diarrhea was 8770US $.
These costs do not include the cost and work-
load of laboratory staff, as well as the inconve-
nience of stool handling for both patients and
staff.

Molecular multiplex stool tests were rarely
done at our institute because of high costs. Only
two stool samples were analyzed by PCR at later
years of the study period. Of those, one was
positive, yet the test results did not impact
patient management.

DISCUSSION

Over half of the patients hospitalized for HCT at
our institution developed diarrhea and submit-
ted stool specimens for culture. Nevertheless,
only 4 out of 947 bacterial stool cultures were
positive. The total yield for entropathogenic
stool cultures in our cohort was 0.42% (0.5%
and 0.3% among autologous and allogeneic
HCT patients, respectively) with the number of
stools-needed-to-test to diagnose one case of
bacterial (other than CD) infectious diarrhea of
237. Despite the fact that all isolates were
Campylobacter spp., they do not represent a
nosocomial outbreak since they were diagnosed
in different years. The extremely low number of
subjects with positive stool cultures in our
cohort and lack of specific symptoms did not
allow for a comparison analysis between
patients with positive and negative stool
cultures.

Our results support previous findings of high
rates (40–50%) of diarrheal morbidity [1], yet
with very low yield of bacterial (non-CD) stool
cultures among patients undergoing HCT, as
shown in Table 4 [8–11].

There are no explicit guidelines for the
diagnostic evaluation of diarrhea in patients
undergoing HCT outside the general guidelines
for oncological patients. The 2017 guidelines of
the Infectious Diseases Working Party (AGIHO)

Table 1 Indications for hematopoietic cell transplantation
(HCT) among patients sampled for stool cultures
(n = 561)

Indication for HCT N (%)

Autologous HCT (n = 356)

Multiple myeloma 183 (51.5%)

Lymphoproliferative neoplasms 154 (43.3%)

Solid tumors 15 (4.2%)

Othera 4 (1%)

Allogeneic HCT (n = 205)

Acute myeloid leukemia 123 (60%)

Acute lymphoblastic leukemia 28 (13.5%)

Myelodysplastic syndrome 14 (7%)

Lymphoproliferative neoplasmsb 25 (12%)

R/R multiple myeloma 5 (2.5%)

Otherc 10 (5%)

a Other includes acute myeloid leukemia and
scleromyxedema
b Including relapse/refractory lymphoma, T cell lym-
phoma, and Richter transformation
c Other includes aplastic anemia, Fanconi syndrome, and
myelofibrosis

Table 2 Number of stool cultures obtained per patient
during admission for hematopoietic cell transplantation

Number of stool cultures
per patient

Number of patients (% of
patients)

1 327 (58%)

2 138 (24.5%)

3 60 (11%)

4 21 (4%)

C 5 15 (2.5%)

Total 561 (100%)

Infect Dis Ther (2021) 10:1023–1032 1027
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of the German Society of Hematology and
Medical Oncology (DGHO) state that infection-
related diarrhea due to enteric pathogens is a
rare event (0–2.8%) among patients with cancer
in general, advocating testing for these patho-
gens only in fecal samples taken within 72 h of
hospital admission from symptomatic patients
[7], by that adopting the ‘‘3-day rule’’ policy
[5, 6]. On the basis of our local data, 77% of the
patients would have been exempted from the
‘‘3-day rule’’ as they were neutropenic at the
time of diarrhea, yet without improving the
yield of stool culture sampling. We advocate
not to repeat stool culture testing at the same
diarrheal episode, since in our experience, all
positive cultures were already identified in the

initial stool culture performed. This is in line
with a prior study demonstrating no excess
yield with repetitive stool culture testing of the
same patient with diarrheal episode during HCT
admission [9].

Campylobacter is a leading cause of food-
borne gastroenteritis worldwide [13]. It was not
surprising to find Campylobacter spp. as the
main—and in our cohort the only—enteric
pathogen isolated from stool specimens, since
the majority of our patients (including the four
patients with positive stool samples) were trea-
ted with ciprofloxacin prophylaxis during
HCT [14] and campylobacter is notorious for its
high rate of resistance to ciprofloxacin in Israel,
as well as in other parts of the world [13].

Table 4 Studies evaluating stool cultures yield in hospitalized patients with hematological malignancies, including patients
post HCT

Reference Study population Study
design

Total number of
stool cultures

Number of
positive
stool
cultures

Stool
culture’s
yield (%)

Smarkos

et al. [8]

Inpatients with different hematological

malignanciesa
Retrospective 217 1 0.46

Kamboj

et al. [9]

169 adult and pediatric inpatients post HCT Retrospective 345 0 0

Van Kraaij

et al.

[10]

48 adults undergoing HCT—samples taken

prior to HCT, at fixed days post transplant

and at the onset of diarrhea and twice

weekly for 2 weeks thereafter

Prospective NA

Stool tests taken

in 36 acute

diarrheal

episodes

0 0

Alejo-

Cancho

et al.

[11]

Adult hematologic patients including

inpatients after cytotoxic agents or auto-

HCT or during the first year after allo-

HCT with acute diarrheab

Prospective 95 6 6.3

Berger

et al.

Adult patients hospitalized for HCT Retrospective 947 4 0.42

HCT hematopoietic cell transplantation, auto-HCT autologous hematopoietic transplantation, allo-HCT allogeneic
hematopoietic cell transplantation, NA not available
a No mention if patients underwent HCT
b Included heterogenic population of hematological patients

Infect Dis Ther (2021) 10:1023–1032 1029



Although hematological malignancies and
immunosuppression are predisposing factors for
campylobacter bacteremia [15, 16], none of our
patients developed this complication. Of note,
trials delineating campylobacter bacteremia in
immunosuppressed patients found prognosis to
be generally favorable regardless of appropri-
ateness of antibiotic therapy [15, 16]. Boyle
et al. reported 12 positive bacterial stool cul-
tures out of 4069 collected among HCT recipi-
ents within 1 year of transplantation [17]. None
of the patients developed shock or was trans-
ferred to an intensive care unit and no
attributable mortality was reported.

In contrast to infectious diarrhea due to
enteropathogenic bacteria, Clostridioides difficile
infection (CDI) is 10 times more commonly
diagnosed among HCT patients with diarrheal
illness [9, 18]. In two small prospective studies,
diarrhea was very frequent, evident in over half
of HCT recipients, with CDI identified in
approximately 5% of patients [10, 19]. We
chose not to assess its frequency in the present
study, since data regarding CDI among HCT
patients is more solid.

The current study has several limitations.
Firstly, this is a retrospective, single-center
study. Secondly, usage of quinolone prophy-
laxis in most of our patients may limit gener-
alization of our results. Lastly, the low number
of positive stool cultures in our cohort pre-
cluded us from comparing characteristics of
patients with positive and negative stool cul-
tures in order to illuminate characteristics that
may increase the yield of stool culture testing.
However, to the best of our knowledge, and as
portrayed in Table 4, this is the largest study
assessing the yield of bacterial stool cultures
during patients’ admission for HCT.

In addition, as applies to all transplant cen-
ters in Israel, stool samples were not tested by
PCR assays for GI pathogens. It has been sug-
gested that the ‘‘3 day rule’’ does not apply
when using PCR of stool samples; however, this
stemmed mainly from the test’s ability to
identify non-bacterial pathogens [20]. Rogers
et al. replaced conventional stool testing with a

multiplexed PCR assay in HCT recipients. They
identified infectious etiologies of diarrhea in a
higher proportion of cases; however, they were
unable to evaluate the impact of the GI PCR
assay on overall antibiotic utilization or time to
initiation of appropriate therapy for a diarrheal
infection since many patients received antibi-
otics for reasons other than the treatment of
infectious diarrhea. Most common pathogens
identified were norovirus and Enteropathogenic
Escherichia coli (EPEC) [21]. Since EPEC may be
part of an asymptomatic carriage state and its
pathogenic role is unclear [21], it seems that
identification of viral pathogens or EPEC is
irrelevant.

Indeed, we had sporadic stool samples tested
by PCR assay with no management impact on
patients’ care. Thus we believe that although
PCR stool testing is more sensitive than bacte-
rial stool cultures in identifying GI pathogens,
in most instances, stool PCR and stool cultures
obtained from patients beyond 3 days of
admission will be of low value and will not
change patients’ treatment.

CONCLUSIONS

In this large single-center retrospective study,
we found high frequency, yet a very low
(0.42%) yield of positive stool cultures obtained
from patients with diarrheal illness during
hospitalization for HCT. This translates into an
exaggerated usage of resources, high costs, sig-
nificant laboratory workload, and high number
of specimens needed to test in order to identify
one positive stool culture. On the basis of these
results, we suggest that the vast majority of
patients undergoing HCT should not be
exempted from the ‘‘3-day rule’’, and thus
should not submit stool specimens for enter-
opathogenic bacteria (other than CD). Excep-
tional cases may include patients with
persistent diarrhea despite neutrophil recovery,
mucositis resolution and negative CDI test, or
in cases of local outbreaks.
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