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Background. Although diarrhea is a frequent complaint among solid organ transplant recipients, the contribu-
tion of infectious etiologies remains incompletely defined. We sought to define the etiologies of diarrhea and the
yields of testing at our institution.

Methods. We performed a retrospective analysis over an 18-month period of hospitalized solid organ transplant
recipients. We stratified diarrhea by community onset vs hospital onset of diarrhea.

Results. We identified 422 admissions (representing 314 unique patients) with community-onset diarrhea, and
112 admissions (representing 102 unique patients) with hospital-onset diarrhea. The majority of community- and
hospital-onset diarrheal episodes had no identified etiology (60.9% and 75.9%, respectively; P = .03), yet were also
self-limited (91% and 91%, respectively; P = .894). Thereafter, the most frequently encountered infectious etiologies
were Clostridium difficile infection (13.3% and 11.8%, respectively), norovirus enteritis (8.2% and 3%), cytomegalo-
virus disease or colitis (6.3% and 2.7%), and bacterial enterocolitis (0.9% and 0%) (P = .03). In aggregate, these
entities represented 93.7% and 90.5% of the identified infectious etiologies, respectively. Protozoan causes were
rarely seen. Coinfection, or the simultaneous detection of ≥2 pathogens, occurred in 8 (1.9%) and 2 (1.8%) commu-
nity- and hospital-onset diarrheal admissions, respectively (P = .99).

Conclusions. In solid organ transplant recipients who presented at our institution with diarrhea, approximately
one-third had infectious etiologies identified, consisting predominantly of C. difficile, norovirus, cytomegalovirus,
and bacterial enterocolitis. Other infectious etiologies were rare.
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Diarrhea in solid organ transplant (SOT) recipients has
been estimated to occur in 22%–52% of patients [1–4].
At one center, gastrointestinal complaints accounted
for 31% of presentations to their emergency department
with an associated risk of hospitalization [5]. Further-
more, posttransplant diarrhea is associated with allo-
graft loss and increased mortality [2, 6, 7]. The impact
of diarrhea on immunosuppressive therapy may, in

part, explain this association. Gastrointestinal distress
is a recognized side effect of mycophenolate mofetil
(MMF) and mycophenolic acid (MPA), which increase
tacrolimus exposure [8]. Resulting reductions in immu-
nosuppression increase the risk of acute rejection and
ultimately graft failure [9–11].

Despite its significance, the epidemiology of
diarrhea in transplant recipients is poorly defined.
Previously, infectious causes of diarrhea in general ac-
counted for 13%–19% of diarrheal episodes [2, 6]. The
Diarrhea Diagnosis Aid and Clinical Treatment study
prospectively investigated the etiology and manage-
ment of diarrhea in renal transplant recipients and
identified a specific infectious etiology in 30 of 108
(28%) patients, with Campylobacter jejuni enteritis
and cytomegalovirus (CMV) colitis being the most
common [1]. Later studies have found that Clostridium
difficile colitis is frequent, but its incidence relative to
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other pathogens and noninfectious etiologies has not been
compared [12–15].

Recommendations for the diagnostic evaluation and manage-
ment of posttransplant diarrhea are based largely on expert opin-
ion and generally include initial stool culture, stool C. difficile
assessment, and blood CMV quantitative viral load, if necessary
to be followed by consideration of empiric reduction in immu-
nosuppression, and thereafter colonoscopy [1, 16–18]. Recom-
mendations for additional testing are quite variable and may
include fecal testing for leukocytes (or lactoferrin), ova and par-
asites, Cystoisospora (Isospora) and Cyclospora assessments,
Giardia and Cryptosporidium antigen screen or enzyme immu-
noassay (EIA), and norovirus detection by polymerase chain re-
action (PCR). SOT recipients are at increased risk of atypical
and typical infections leading to diarrhea, but it is unclear
that this immunocompromised state necessarily translates to
an increased incidence of all possible etiologies of diarrhea, es-
pecially with consideration of endemic and geographic expo-
sures. There may be more optimized testing strategies, for
which evidence is required. We hypothesized that the majority
of SOT recipients hospitalized with diarrheal illness were attribut-
able to a few etiologies, predominantly C. difficile and norovirus,
and that the yield for other studies is low.

MATERIALS AND METHODS

Study Design
After approval by the Northwestern University Institutional
Review Board, a Structured Query Language report was created
to identify hospitalized SOT recipients at Northwestern Memo-
rial Hospital in Chicago, Illinois, with complaints of diarrhea
during the period spanning from 1March 2012 to 30 September
2013. All SOT recipients age ≥18 years were included in the
study. Exclusion criteria included history of stem cell transplant,
human immunodeficiency virus infection, and the absence of
immunosuppressive medications in the context of a nonfunc-
tioning allograft. Admissions were identified by International
Classification of Diseases, Ninth Revision (ICD-9) codes, and di-
arrhea was identified by relevant ICD-9 codes, Current Proce-
dural Terminology (CPT) codes, or laboratory analysis
(Supplementary Data). Subjects who met both criteria were
identified for chart review, upon which inclusion/exclusion cri-
teria were reaffirmed. The primary endpoint was to define the
etiology of diarrheal illness in the study population, with a sec-
ondary endpoint of describing the rates and yields of analyses
for diarrhea.

Upon chart review, diarrheal illness was determined by his-
tory, nursing documentation, or physician assessments as per
the Infectious Diseases Society of America (IDSA) practice
guidelines’ definition [18]; ICD-9, CPT, and/or performance
of laboratory test(s) alone were insufficient. Diarrhea was

stratified by community onset vs hospital onset, the latter de-
fined as onset >72 hours after admission. Diarrheal illness
that resolved during the hospitalization was considered self-
limited. Inpatient and outpatient electronic medical records
were reviewed up to 90 days after discharge in evaluation of re-
currence and/or readmission. Chronic diarrhea was defined as
per IDSA practice guidelines [18].

Past medical histories were reviewed, and patients with im-
mediately antecedent diarrheal illnesses where a diagnosis was
already made prior to admission were excluded from analysis. A
past medical history of infectious diarrhea otherwise was noted
and did not preclude inclusion. Patients who were admitted
more than once over the study period with diarrheal complaints
were included if they met study criteria. Data was collected on a
per-admission basis. All aspects of clinical care, including diag-
nostic testing, were at the discretion of the treating physicians.

We implemented the following modified definitions with
regard to CMV: CMV viremia, or asymptomatic detection of
CMV in the blood without suggestion or demonstration of
end-organ disease; CMV disease, or probable invasive CMV
infection defined by CMV viremia, symptoms including CMV
syndrome and high-clinical suspicion; and CMV enteritis or
colitis, defined by surgical histopathology with evidence of
invasive CMV infection [17]. Criteria for clinical diagnoses,
such as antibiotic-associated diarrhea or MMF-associated diar-
rhea, were based on history, temporal association, resolution
with cessation, and absence of infectious pathogens; clinical
suspicion alone was insufficient.

Diagnostic Assays
Clostridium difficile was assessed by a toxin B gene real-time
PCR assay (GeneOhm Cdiff real-time PCR, BD, Franklin
Lakes, New Jersey). Two serum CMV diagnostic assays were
in use during the study period. From 1 March through 11
November 2012, the laboratory employed the Amplicor CMV
Monitor Assay (Roche Molecular Diagnostics, Pleasanton,
California), with a lower limit of detection (LLD) of 545 IU/mL.
The Cobas TaqMan CMV Test (Roche Molecular Diagnostics,
Pleasanton, California), with an LLD of 137 IU/mL, replaced
this assay from 12 November 2012 through September 2013.
Fecal norovirus detection by PCR was performed at a reference
laboratory (ViraCor IBT Laboratories, Lee’s Summit, Missouri).
Giardia lamblia and Cryptosporidium were assessed by EIA
(Immunocard STATCrypto/Giardia, Meridian Bioscience, Cin-
cinnati, Ohio). Stool culture was performed using standard
media including blood agar, MacConkey agar, Hektoen enteric
agar, Campylobacter agar, and Selenite broth. Bloody stools or
when Escherichia coli O157:H7 assessment was requested un-
derwent additional culture with Sorbitol MacConkey agar.
Requested assessments for Vibrio were performed with addi-
tional thiosulphate citrate–bile salts–sucrose agar. Standard
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methodology was employed [19, 20]. Assessment for ova and
parasites included microscopic analysis of concentrated wet
mount and stained smears. Cyclospora assessment was by ultra-
violet epifluorescence microscopy, Cystoisospora by modified
acid-fast stains, and Microsporidia by fluorochrome calcofluor
screening with confirmatory modified trichrome staining.
Fecal leukocytes were assessed by methylene blue wet mount
preparation.

The Division of Organ Transplantation protocol for the
evaluation of diarrhea in the SOT recipient includes blood
quantitative CMV viral load, stool C. difficile assessment, stool
culture, stool Giardia/Cryptosporidium EIA assessment, and
stool norovirus PCR. Implementation of the protocol, however,
was at the discretion of the treating physician.

Statistical Analysis
All statistical analysis was performed on Stata version 13.1
(StataCorp, College Station, Texas). Univariate analysis with
continuous variables was analyzed by Student t test or the

Wilcoxon signed-rank test, and categorical variables were tested
in aggregate by χ2 or Fisher exact test where appropriate. An α

level of .05 was considered statistically significant.

RESULTS

From 1444 initially identified admissions, 544 met criteria for
inclusion (Figure 1). Four hundred twenty-two SOT admissions
had community-onset diarrhea (representing 314 unique
patients), and 112 admissions had hospital-onset diarrhea
(representing 102 unique patients). Table 1 summarizes the
demographic characteristics.

When community-onset diarrhea admissions were compared
to hospital-onset admissions, SOT recipients were of similar age
and sex, but differed by race (P = .004) and the organ transplanted
(P = .003). The majority of community-onset diarrhea admissions
occurred in kidney recipients (169 [40.1%]), whereas hospital-
onset diarrhea predominantly occurred in kidney (23 [20.5%])
and liver recipients (37 [33%]). Community-onset presentations

Figure 1. Patient selection, inclusion, and exclusion. Abbreviation: HIV, human immunodeficiency virus.
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were more likely to include a past history of diarrhea where
the etiology was not otherwise specified (NOS) (23.9% vs 15.2%;
P = .054). There were no differences insofar as previously identi-
fied infectious etiologies. No patients presenting with community-
onset diarrhea were transplanted during the same hospitalization;
in hospital-onset diarrheal episodes, 38 (33.9%) patients developed
diarrhea during the same admission as their transplant procedure
(P < .005). The 2 groups differed by time from transplant to occur-
rence of diarrhea: median, 1029 days (interquartile range [IQR],
240–2372 days) vs median, 243 days (IQR, 0.3–2091 days)
(P = .760).

Clinical outcomes are described in Table 2. Ninety-one percent
of community- and hospital-onset episodes of diarrhea were
self-limited (P = .835). Length of stay was greater among those
with hospital-onset diarrhea (median, 17.7 days [IQR, 7.63–

28.4 days] vs median, 3.17 days [IQR, 1.91–5.50 days]) in admis-
sions with community-onset diarrhea (P < .005). Differences in
MMF and MPA usage are described in Table 2. Among patients
utilizing maintenance MMF or MPA, 105 (32.6%) underwent
medication dosage decreases, changes, or discontinuations.

There were similar proportions of diarrhea persisting until
discharge. Readmission with acute diarrhea within 30 days or
90 days did not differ between community- and hospital-
onset diarrhea. In-hospital mortality was greater with hospi-
tal-onset diarrhea (8.9% vs 0.9%; P < .005). Diarrhea-associated
attributable mortality was negligible.

The median number of tests performed for those with
community-onset diarrhea was significantly more than those
with hospital-onset diarrhea (4 [IQR, 2–6] vs 3 [IQR, 1–4];
P < .005; Figure 2). There was no significant difference in

Table 1. Demographic Characteristics of Patients

Characteristic
Community-Onset Diarrhea

(n = 422)
Hospital-Onset Diarrhea

(n = 112) P Value

Unique patients 314 74.40% 102 91.10% <.005
Age on admission, years, median (IQR) 55.9 41.7–64.3 57.5 49.2–66.1 .273

Race .004

White 213 50.5 72 64.3
Black 112 26.5 17 15.2

Asian 21 5 6 5.4

Other 57 13.5 7 6.3
Declined 16 3.8 7 6.3

Unknown 3 0.7 3 2.7
Transplant type .003

Kidney alone 169 40.1 23 20.5

Liver alone 95 22.5 37 33
Heart alone 47 11.1 13 11.6

Bowel alone 3 0.7 0 0

Simultaneousa 60 14.2 24 21.4
Recurrentb 46 10.9 14 12.5

Other transplantc 2 0.5 1 0.89

Transplant occurred during admission 0 0 38 33.9 <.005
Days from first transplant to diarrhea, median (IQR) 1028.6 240.4–2372.1 242.9 0.3–2091 <.005

Past medical history of diarrhea

NOS 101 23.9 17 15.2 .054
Clostridium difficile 59 14 11 9.82 .274

CMV viremia, disease, or enteritis 17 4.03 2 1.79 .39

Norovirus 17 4.03 4 3.57 .99
Other pathogend 5 1.18 0 0 .589

Data are presented as No. (%) unless otherwise specified.

Abbreviations: CMV, cytomegalovirus; IQR, interquartile range; NOS, not otherwise specified.
a Simultaneous includes pancreas and kidney (38 [9.0%] vs 7 [6.3%]); liver and kidney (22 [5.2%] vs 16 [14.3%]); heart and kidney (0 vs 1 [0.9%]).
b Recurrent includes pancreas after kidney (10 [2.4%] vs 3 [2.7%]); kidney after kidney (11 [2.6%] vs 2 [1.8%]); liver after liver (9 [2.1%] vs 3 [2.7%]); other (16 [3.8%]
vs 6 [5.4%]).
c Other transplant includes pancreas only (1 [0.2%] vs 0) and lung only (1 [0.2%] vs 1 [0.9%]).
d Other pathogen includes Campylobacter (n = 3), Giardia (n = 2), Salmonella (n = 1).
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median number of tests preformed between those with an even-
tual diagnosis and those with a diagnosis of NOS in both
groups.

The most frequently encountered etiologies of diarrhea
among community- and hospital-onset admissions were NOS
(62.2% vs 77.3%), C. difficile (13.3% vs 11.8%), norovirus
(8.2% vs 2.7%), and CMV disease/colitis (6.3% vs 2.7%)
(P = .03; Table 3). Coinfection, or the simultaneous identifica-
tion of ≥2 pathogens, was identified in 8 (1.9%) community-
onset and 2 (1.8%) hospital-onset admissions (P = .99).
Among 24 patients with community-onset diarrhea admitted
with self-reported chronic diarrhea, the following etiologies
were identified: 6 cases of norovirus, 1 C. difficile, 1 colonic ade-
nocarcinoma, and 1 posttransplant lymphoproliferative disor-
der; the remainder had no etiology identified.

In community-onset diarrhea admissions, there was a medi-
an of 1 admission per patient (IQR, 1–2) during the study
period: 240 patients with a single admission (etiology NOS

for 152 [63%]), 48 patients with 2 admissions (55 [57%]
NOS), 20 patients with 3 admissions (34 [57%] NOS), 4 patients
with 4 admissions (12 [75%] NOS), and 2 patients with 5 ad-
missions (4 [40%] NOS). With hospital-onset diarrhea, there
was a median of 1 admission per patient (IQR, 1–1) during
the study period: 93 patients had a single admission (71%
[76%] NOS), 8 patients had 2 admissions (13% [81%] NOS),
and 1 patient had 3 admissions (1 was NOS).

DISCUSSION

In this single-center study utilizing contemporary diagnostic
modalities, 127 of 422 (30.1%) community-onset diarrheal
admissions and 21 of 112 (18.8%) hospital-onset diarrheal
admissions had an associated infectious etiology. The most
commonly diagnosed infections were C. difficile, norovirus,
and CMV. Ours is one of the first studies to describe the epide-
miology of diarrhea utilizing molecular diagnostics for all 3 of

Table 2. Clinical Characteristics and Outcomes

Characteristic
Community-Onset Diarrhea

(n = 422)
Hospital-Onset Diarrhea

(n = 112) P Value

Admission length of stay, days, median (IQR) 3.17 1.91–5.50 17.7 7.63–28.4 <.005
Course .835

Self-limited 386 91.50 102 91.10

Continued diarrhea 31 7.35 8 7.14
Bowel resection 5 1.18 2 1.79

Mortality during admission 4 0.95 10 8.93 <.005

Readmission with acute diarrhea .397
Within 30 days 43 59.70 16 69.60

Within 30–90 days 29 40.30 7 30.40
MPA and MMF usage on admission (n = 405) <.005

MPA 185 57.90 12 14.10

MMF 135 42.20 73 85.90
MMF management .861

No change 85 63.00 46 63.00

Decrease 24 17.78 13 17.81
Change to MPA 7 5.19 4 5.48

Increase 5 3.70 4 5.48

Change to azathioprine 1 0.74 0 0.00
Discontinued 13 9.63 5 6.85

Added 0 0.00 1 1.37

MPA management .008
No change 126 67.38 6 46.15

Decrease 37 19.79 2 15.38

Change to MMF 0 0.00 0 0.00
Increase 1 0.53 2 15.38

Change to azathioprine 0 0.00 0 0.00

Discontinued 23 12.30 3 23.08

Data are presented as No. (%) unless otherwise specified.

Abbreviations: IQR, interquartile range; MMF, mycophenolate mofetil; MPA, mycophenolic acid.
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the most commonly identified pathogens; earlier studies ranged
from 13% to 28% [1, 2, 6].

The majority of both community-onset and hospital-onset ad-
missions had no causative etiology for the diarrhea identified.
Our criteria for clinical diagnoses such as antibiotic-, MMF-, or
MPA-associated diarrheal illness likely precluded instances
where these may have contributed. The variety of concurrent
treatments, illnesses (eg, peritonitis, pyelonephritis, pneumonia),

and adjustments to immunosuppressives complicates isolation of
such contributions. Measurement of antibiotic exposure and
drug levels may help to elucidate this question. Ultimately, 91%
of diarrheal admissions had self-limited courses. Unfortunately,
our observations do not relate causality, and given heterogeneity
in diagnoses and empiric treatments, the significance may
be limited. Validation of a testing and treatment algorithm is nec-
essary with assessment of effects on diagnostic accuracy,

Figure 2. Diagnostic studies for community-onset diarrhea. The most frequently performed tests included blood cytomegalovirus (CMV) quantitative viral
load (VL) (73% tested of which 10.0% was positive), blood culture (65% tested with 15.2% positive), stool Clostridium difficile polymerase chain reaction
(PCR) (77% tested with 18.5% positive), stool culture (58% tested with 2.5% positive and 1 rejected by the laboratory as inconclusive), fecal leukocytes
(16% tested with 1.5% positive), stool ova and parasite (35% tested with 1 positive for Blastocystis hominis), stool Giardia and Cryptosporidium enzyme
immunoassay (EIA) (27% underwent combination testing with 1 positive for Giardia lamblia), and stool norovirus PCR (30% tested with 22.2% positive for
genotype I or II). Additional tests included blood adenovirus antibody (4 tested, 0 positive), blood adenovirus PCR (3 tested, 0 positive), blood CMV qual-
itative VL (10 tested, 0 positive), blood mycobacterial culture (5 tested, 0 positive), blood fungal culture (3 tested, 0 positive), stool adenovirus qualitative PCR
(2 tested, 0 positive), stool mycobacterial smear (2 tested, 0 positive), stool CMV DNA (7 tested, 0 positive), stool norovirus EIA (4 tested, 1 positive), stool
norovirus PCR genotype not otherwise specified (5 tested, 2 positive), stool rotavirus antigen (5 tested, 0 positive), stool rotavirus PCR (1 tested, 0 positive),
and stool total lipids (0 tested, 0 positive).
Diagnostic studies for hospital-onset diarrhea. The most frequently ordered tests included blood CMV quantitative VL (39% tested with 11% positive), blood
culture (58% tested with 12.3% positive), stool C. difficile PCR (93% tested with 13.5% positive), stool culture (31% tested with 0 positive and 1 rejected for
being ordered >72 hours after hospitalization), fecal leukocytes (12% tested with 7.7% positive), stool norovirus PCR (15% tested with 23.5% positive, all for
genotype II), and stool ova and parasite (18% tested with 0 positive). Additional tests included blood adenovirus PCR (1 tested, 0 positive), blood CMV
qualitative VL (1 tested, 0 positive), blood mycobacterial culture (3 tested, 0 positive), and blood fungal culture (4 tested, 0 positive).
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immunosuppressive modification, allograft outcomes, and re-
lapse. Ideally, current strategies (at the discretion of the treating
physician or center) would be compared to a modeled paradigm.

Clostridium difficile alone was identified in 13.3% of commu-
nity-onset presentations and 11.8% of hospital-onset episodes.
Whereas there are wide ranges of reported incidences, our rates
approximate descriptions of an increasing trend. Unfortunately,
we cannot exclude a component of our greater rate as due to the
use of a PCR testing modality (ie, detection of C. difficile car-
riage as opposed to C. difficile infection). The sensitivity, specif-
icity, and advantages of PCR testing, compared with toxin EIA
testing, have been widely described [21–23]. Both through
routine laboratory protocol and chart review, we sought
to only include patient encounters with diarrheal illness. As
such, we do not consider these results to be representative of
asymptomatic carriage. Nonetheless, we cannot discount alter-
native or concurrent causes of diarrhea such as adverse drug
effects where confirmation is limited. Given the retrospective
nature of our study, we did not have the opportunity to perform
confirmatory C. difficile stool cultures or cytotoxicity neutraliza-
tion assays.

Norovirus is the leading agent of gastroenteritis in the United
States [24]. In immunocompromised persons, it has the poten-
tial to evade the immune response and persist longer, some-
times chronically [25]. The extent of illness among SOT
recipients is incompletely characterized. To date, the majority
of reports encompass case reports and series [26, 27]. Therein,
our study encompasses the first measure of the extent of this
burden with respect to other etiologies of diarrhea among
hospitalized SOT recipients. It is important to note, however,
that our study period ran concurrent to the 2012–2013

epidemic norovirus season comprising the GII.4 2012/Sydney
variant, and we cannot exclude an overestimation of this
burden.

CMV is a major etiology of early and late disease among SOT
recipients. Overall, CMV disease and colitis accounted for 6.3%
of community-onset and 2.7% of hospital-onset diarrhea. Addi-
tionally, there were instances of codetection, including CMV
with C. difficile occurring in 5 (1.2%) admissions, and CMV
with norovirus in 2 (0.5%). The significance of identification
of a copathogen is unclear: Does this signify excessive immuno-
suppression, overly sensitive testing modalities, a synergistic or
attenuated relationship between the 2 entities, or some combi-
nation therein?

In general, bacterial enterocolitis is described at rates ranging
from 3.3% to 10% within the first 72 hours of diarrheal admissions
[28–30] to 0%–0.7% thereafter [28–31]. Our findings (0.9% and
0%, respectively) appear concordant. As such, we posit that SOT
recipients are not at an increased risk for bacterial enterocolitis
compared with the general population, although this may reflect
an overall low prevalence in light of the local epidemiology.

Protozoan causes of diarrhea were rare: 1 case of Giardia iden-
tified in combination with C. difficile and norovirus detection, and
1 case of Blastocystis hominis, which is of unclear pathogenicity
[32]. Giardia and Cryptosporidium occur at low rates [33, 34].
Microsporidia has been limited to case reports [35, 36]. To
our knowledge, Cyclospora, Cystoisospora, and Entamoeba
histolytica have not been reported among transplant recipients
in the United States, and are otherwise epidemiologically rare;
incidences differ elsewhere [37–40].

In renal transplant recipients, we observed that self-limited
diarrhea with etiology NOS was often accompanied by

Table 3. Etiology of Diarrhea Among Hospitalized Solid Organ Transplant Recipients

Etiology

Community-Onset Diarrhea (n = 422) Hospital-Onset Diarrhea (n = 112)

P ValueNo. % No. %

Single diagnosis (n = 523) .03

NOS 257 60.9 85 75.9

Clostridium difficile infection 55 13.0 13 11.6
Norovirus 34 8.1 3 2.7

CMV disease/colitis 26 6.2 3 2.7

Othera 42 10.0 6 5.4

Multiple diagnoses (n = 10) consisted of C. difficile and CMV infection (4 [40%] vs 1 [50%]); CMV infection and norovirus (2 [20%] vs 1 [50%]); C. difficile and
bacterial enterocolitis (1 [10%] vs 0); and C. difficile, norovirus, and Giardia (1 [10%] vs 0); P = .99, Fisher exact test.

Abbreviations: CMV, cytomegalovirus; NOS, not otherwise specified.
a Diagnoses that comprised <5% of the study population were analyzed in aggregate. Other includes adenocarcinoma (1 [0.2%] vs 0); antibiotic-associated (4 [0.9%]
vs 0); appendicitis (1 [0.2%] vs 1 [0.9%]); bacterial enterocolitis (4 [0.9%] vs 0); chronic mesenteric ischemia (1 [0.2%] vs 0); Crohn disease first flare (1 [0.2%] vs 0);
diverticulitis (2 [0.5%] vs 0); incarcerated hernia (2 [0.5%] vs 0); influenza A/H1N1 (1 [0.2%] vs 0); influenza A/H3N2 (1 [0.2%] vs 0); ischemic colitis (3 [0.7%] vs 0);
lactulose titration (1 [0.2%] vs 0); lower gastrointestinal bleed (1 [0.2%] vs 1 [0.9%]); mycophenolate mofetil associated (4 [0.9%] vs 0); mycophenolic acid
associated (1 [0.2%] vs 0); opioid withdrawal (1 [0.2%] vs 0); pneumoperitoneum (1 [0.2%] vs 0); postileostomy high-output diarrhea (4 [0.9%] vs 1 [0.9%]);
posttransplant lymphoproliferative disorder (3 [0.7%] vs 0); small bowel obstruction (2 [0.2%] vs 1 [0.9%]); upper gastrointestinal bleed (2 [0.5%] vs 2 [1.8%]);
ulcerative colitis (1 [0.2%] vs 0).
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pyelonephritis. Attributing diarrhea to pyelonephritis would
have accounted for 59 (11.0%) diarrhea admissions overall,
and 18.0% in renal allograft recipients specifically. Although
not captured by our data, the presence of diarrhea on admission
likely precludes a component of antibiotic-associated diarrhea,
but more investigation is needed to affirm this observation.
Conversely, the incidence of pyelonephritis with admissions
that lacked diarrhea would be a necessary comparator.

Numerous factors in clinical care and treatment, including
the sequence of testing, were not captured by this retrospective
analysis, limiting its generalizability. We did not assess for pres-
ence or absence of hypervirulent C. difficile (BI/NAP1/027).
Our institution’s infection control rates did not identify an in-
creased or abnormal burden of disease over the study period,
nor were there nosocomial outbreaks among study patients.
Our study does not address if SOT recipients are necessarily
at an overall greater risk of infectious diarrhea. Our findings
may be most applicable to the SOT types most frequently en-
countered at our institution, particularly kidney, liver, and
heart recipients. Although we have compared disease-specific in-
cidences with those of other researchers, we cannot account for
inter- and intrainstitutional variance. Local epidemiology may
account for some distributions, and we caution against generaliz-
ing from our findings pending further study. Although a protocol
for the evaluation of diarrhea exists at our institution, it is hetero-
geneously applied. Only 71 (16.8%) community-onset diarrheal
admissions had all 5 diagnostic measures performed, with a me-
dian of 2 tests (IQR, 1–4); C. difficile PCR, blood CMV viral load,
and stool culture were performed most often. Finally, the extent
and burden of chronic diarrhea among outpatients remains in-
completely characterized, and the minority of patients captured
by our study may not be reflective of this overall group.

In some instances, advanced molecular diagnostics may rep-
resent a superior testing modality with potential to reduce the
diagnostic deficit. Qualification and quantification of such a
benefit amid additional cost remains nebulous. For example,
nucleic acid amplification test identification of viral enteritis
might not necessarily dictate antimicrobial therapy, but knowl-
edge of the etiology of diarrhea may be sufficient to mitigate
further testing, empiric medication changes, and invasive pro-
cedures such as endoscopies. We believe our current study has
provided a modest basis on which to measure clinical practices.
The next evaluation should assess best practices and how to best
deploy these in a modern schema.

CONCLUSIONS

At a single center, the majority of SOT recipients admitted with
diarrhea did not have an identified etiology—infectious or
otherwise—but nonetheless had a self-limited course. Despite
a variety of available testing modalities, the greatest yields were

derived from stool norovirus PCR, C. difficile PCR, blood CMV
viral load, and stool culture. It is not yet established if testing
should be performed simultaneously, sequentially, tiered, or oth-
erwise stratified. Based on our results, a reasonable up-front strat-
egy may include the aforementioned tests. Likewise, in areas of
low epidemiologic prevalence, it may be wise to reevaluate rou-
tine testing for uncommon pathogens (eg, ova and parasites,
Giardia) as well as fecal leukocytes. It will be critical to evaluate
the cost of consequences of testing strategies. Amid advances in
molecular diagnostics, the evidence upon which testing strategies
are based should continue to be evaluated and reassessed.
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