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Abstract
Background: No data are available on clinical manifestations and course of norovirus 
gastroenteritis (NVE) in intestinal allograft (from intestinal and multivisceral transplant 
recipients, ITR) compared to native intestine (from other allograft recipients, nITR).
Methods: This was a retrospective study of solid organ transplant recipients with NVE 
at	two	centers	from	January	1,	2010	to	April	1,	2014.	Chi-	square,	t-	test,	 linear	and	
logistic regression analyses were done to compare NVE in ITR vs nITR patients.
Results: The	ITR	(45	patients)	were	compared	to	nITR	(107	patients).	ITR	were	younger	
(odds ratio [OR]=0.90; P<.0001),	less	likely	to	receive	anti-	lymphocyte	induction	ther-
apy	 (OR=0.15;	 P<.0001), and had shorter time from transplant to NVE (OR=0.99; 
P=.008).	On	presentation	ITR	had	less	frequent	nausea	(OR=0.11;	P<.0001) or vomit-
ing (OR=0.36; P=.01), higher white blood cell count (OR=1.09; P=.001), and higher 
glomerular filtration rate (OR=1.02; P<.0001).	 ITR	were	 less	 likely	 to	 receive	 anti-	
motility agents (OR=9.6; P<.0001). ITR were more likely to stay longer on intravenous 
(IV) fluids (OR=1.18; P<.0001);	have	recurrent	NVE	(OR=4.25;	P<.0001); have longer
hospital stay (OR=1.07; P<.0001);	develop	acute	rejection	(OR=5.1;	P=.006); and have
lower overall survival (OR=0.28; P=.006).
Conclusions: Compared to nITR, the ITR with NVE were significantly younger, had less 
nausea	and	vomiting	at	presentation,	received	less	anti-	motility	agents,	required	more
IV	fluids,	and	had	longer	hospital	stay.	A	trend	was	seen	for	lower	survival	with	NVE	in
ITR.
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1  | INTRODUCTION

Gastrointestinal infections are commonly diagnosed after solid organ 
transplantation,1 including intestinal transplantation.2 Noroviruses 
(NVs)	are	responsible	for	approximately	one-	fifth	of	the	acute	gastro-
enteritis episodes worldwide.3 Transmission of NV is facilitated by its 
high prevalence in the population, viral shedding even after symptoms 
have resolved, and its high stability in the environment. NV gastro-
enteritis (NVE) in transplant recipients is associated with morbidity, 

mortality, and graft loss mainly because of significant dehydration, 
changing levels of immunosuppressive drugs, and renal failure.2,4 
Furthermore, the course of NV illness in these patients can be compli-
cated by chronic diarrhea and prolonged viral shedding.2

Intestinal transplantation remains an extraordinary clinical and 
immunological challenge owing to the high risk of complications and 
the need for profound immunosuppression with significant side ef-
fects.5 The results of intestinal transplantation remain inferior to those 
of other transplanted allografts5 owing to its high rate of acute, late 
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onset, and chronic rejection, as well as because of its higher suscep-
tibility and lower treatment response to viral infections, compared 
to native intestine. Minimal human leukocyte antigen matching in 
intestinal transplantation, chronic host immunosuppression, local 
graft-	versus-	host	reaction,	and	aberrant	immune	response	within	the	
allograft might create a favorable immunologic milieu for viral infec-
tions that are not usually seen in the intestine with other allografts.6 
Moreover, preservation of the intestinal graft, surgical procedure, and 
ischemia-	reperfusion	injury	would	induce	heat-	shock	protein	expres-
sion7 and lymphocyte infiltration,8 leading to rejection or increased 
susceptibility to infections. To our knowledge, no formal evaluation 
and comparison of clinical features and outcomes between graft and 
native intestines has been published to date. Our study aims to assess 
the clinical and outcome differences between intestinal allograft (from 
intestinal and multivisceral transplant recipients, ITR) and native intes-
tine (from other allograft transplant recipients, nITR).

2  | METHODS

We retrospectively analyzed the electronic medical records of all pedi-
atric and adult solid organ transplant recipients with a positive NV test 
performed at University of Nebraska Medical Center and University 
of	North	Carolina	between	January	1,	2010	and	April	1,	2014	who	had	
vomiting and/or diarrhea that were attributed to NV infection. Each 
individual patient was included only once, at the time of the first posi-
tive test. The patients included in this study were previously included 
in a previous analysis with a different focus—looking to identify pre-
dictor factors of persistent diarrhea in any transplant recipients with 
NVE.9 Variables collected included: age; gender; allograft(s) trans-
planted; induction therapy; maintenance immunosuppression regimen 
at the time of positive test; mean tacrolimus level during the month 
prior to diagnosis of NV infection; rejection episodes; graft loss during 
the	follow-	up	period;	symptoms	at	the	diagnosis	and	end	of	treatment	
(nausea,	 vomiting,	 diarrhea,	 fever,	weight	 loss);	 frequency	 of	 bowel	
movements; volume of stool; mortality; laboratory values at presen-
tation and end of therapy (white blood cells [WBCs], creatinine and 
creatinine clearance; serum immunoglobulin G level); standard (intra-
venous	[IV]	hydration	and	anti-	motility	agents)	or	experimental	(nita-
zoxanide and IV immunoglobulin) treatment administered, dose and 
duration of treatment; route of immunoglobulin administration; en-
teral feeding; changes in immunosuppressive medications; and need 
for total parenteral nutrition (TPN).

2.1 | Definitions

Intestinal	and	liver-	intestine	transplant	recipients	were	included	in	the	
ITR group, as intestinal transplantation is associated with lymphatic 
loss,	denervation,	and	ischemia-	reperfusion	of	the	allograft	that	might	
have	an	impact	on	the	clinical	aspects	of	the	enteric	infections.	Any	
other allograft was included in the nITR group. Diarrhea was defined as 
change	in	bowel	habits	with	≥3	unformed	stools	within	a	24-	h	period	
or	 increased	volume	of	 stool	by	50%.	Acute NVE was prospectively 

defined as a positive NV polymerase chain reaction (PCR) in stool or 
gastric secretions, in the presence of corresponding clinical symptoms 
(vomiting and/or diarrhea or increased stool output from baseline) for 
less	than	a	2-	week	period.	Relapse was defined as the recurrence of 
diarrhea	after	a	14-	day	symptom-	free	period.	Co-infection was estab-
lished when another microorganism was identified at the same time as 
the NV as a possible etiologic agent of diarrhea. Rejection was defined 
by the characteristic pathological findings on the allograft biopsy. NV 
was	qualitatively	detected	by	Norovirus	ASR	(Cepheid,	Sunnyvale,	CA,	
USA)	real-	time	reverse	transcriptase	PCR;	the	assay	targets	the	NLV	
RNA	polymerase	region/capsid	junction	and	detects	genogroups	I	and	
II.

2.2 | Protocol for diarrhea assessment

The standard protocol to evaluate a solid organ transplant recipi-
ents with diarrhea included: Clostridium difficile toxin assay, NV PCR, 
adenovirus	PCR,	 rotavirus	 antigen,	 herpes	panel	DNA	 in	 the	blood,	
stool culture, and Giardia and Cryptosporidium enzyme immunoassay. 
Endoscopy with intestinal allograft biopsies were routinely performed 
weekly	for	6-	8	weeks	post	transplantation	and	were	taken	at	two	lo-
cations	 along	 the	 small	 bowel	with	 3-	5	 pieces/locations;	 the	 tissue	
was	examined	by	histology,	immuno-	histochemical	stains	and	culture,	
as	requested	by	the	ordering	physician.	Biopsies	and	tissue	cultures	
were also obtained for clinical symptoms to differentiate infection 
from rejection and as needed for persistent diarrheal symptoms (gen-
erally,	not	 less	 than	weekly	until	 resolution	of	 symptoms).	For	non-	
intestinal allografts, upper endoscopy or colonoscopy was performed 
if indicated.

The primary outcome of the study was symptom resolution 
2 weeks after the start of treatment. Secondary outcomes included re-
jection,	graft	loss,	all-	cause	mortality,	need	for	hospitalization,	length	
of hospital stay, and time to symptom resolution.

2.3 | Statistical analysis

Summary statistics were performed for baseline characteristics and 
outcomes.	Student’s	t-	test	was	used	for	continuous	variables	and	chi-	
square	statistics	for	categorical	variables.	Outcomes	were	evaluated	
by univariate and multivariable logistic regressions. Two multivariable 
logistic regression models were performed, one for factors at diag-
nosis of NVE and one for factors during the clinical course of NVE. 
Backward variable selection was used for all variables with P-	value	
<.1.	All	data	were	analyzed	using	STATA	procedure	(version	14,	Stata	
Corp,	College	Station,	TX,	USA).

3  | RESULTS

A	 total	 of	 152	 patients	 were	 included	 in	 the	 analysis;	 45	 ITR	 and	
107	 nITR:	 60	 (56.07%)	 kidney,	 14	 (13.08%)	 liver,	 13	 (12.15%)	
kidney-	pancreas,	 12	 (11%)	 heart,	 4	 (3.74%)	 lung,	 2	 (1.87%)	 kidney-	
liver,	 1	 (0.93%)	 kidney-	BMT,	 and	 1	 (0.93%)	 pancreas	 transplant	



recipients. The baseline characteristics of the two groups are pre-
sented in Table 1. The mean time to diagnosis of NVE post transplan-
tation	was	762.49	days	(standard	deviation	[SD]	1031.38)	for	ITR	vs	
1585.78	days	(SD	1828.70)	for	nITR	(P=.005).

3.1 | Clinical course

Hospitalization	 rates	 for	NVE	were	88.89%	 (40/45	patients)	 ITR	vs	
75.70%	(81/107	patients)	nITR	(P=.089), with a mean length of hos-
pitalization	 of	 18.11	days	 (SD	 21.81)	 vs	 5.81	days	 (9.29)	 (P<.0001). 
Table 2 describes the most common symptoms, weight, WBC counts 
at presentation and at the end of therapy for both groups. The WBCs 
came	back	to	normal	range	within	a	mean	of	3.17	days	(SD	8.95	days)	
vs	4.46	days	(SD	12.63	days)	(P=.434);	renal	function	returned	to	nor-
mal	after	a	mean	of	6	days	(SD	28.39	days)	vs	9.04	(SD	17.39	days)	
(P=.448).	Table	3	presents	changes	in	several	parameters	from	pres-
entation to the end of therapy. The following parameters returned 
to normal range 3 months after NVE in ITR compared to nITR: WBC: 
93.33%	(42/45	patients)	vs	87.85	(94/107	patients)	(P=.019); glomer-
ular	filtration	rate	(GFR):	95.56%	(43/45)	ITR	vs	84.11%	(90/107)	nITR	
(P=.001).	 Repeated	 stool	 testing	 for	 NV	was	 performed	 in	 64.44%	
(29/45)	 ITR	 vs	 21.5%	 (23/107)	 nITR	 (P<.0001) and this test was 

positive	in	75.86%	(22/29)	and	73.91%	(17/23)	(P=.872), respectively. 
NVE	recurred	in	40.91%	(18/45)	of	ITR	compared	to	14.02%	(15/107)	
of nITR recipients (P<.0001).

3.2 | Treatment

Treatments	administered	to	ITR	and	nITR	are	described	in	Table	4.

3.3 | Comparison between ITR and n ITR

In univariate analysis, factors associated with ITR include the following: 
younger age (OR=0.90; P<.0001); time from transplant to NVE diagnosis 
(OR=0.99; P=.008);	more	frequent	induction	therapy	(OR=0.0000025;	
P<.0001);	 less	 frequent	 nausea	 (OR=0.14;	 P<.0001);	 less	 frequent	
vomiting (OR=0.36; P=.01); higher WBC count (OR=1.09; P=.001); 
and higher GFR (OR=1.02; P<.0001). Compared to nITR, the ITR group 
was	more	likely	to	have	more	frequent	diarrhea	resolution	(OR=1.94;	
P=.15);	have	more	days	on	IV	fluids	(OR=1.18;	P<.0001);	receive	anti-	
motility agents (OR=9.6; P<.0001)	and	TPN	(OR=13.5;	P<.0001); and 
have enteral formula changed (OR=7.6; P<.0001). The ITR group was 
less	 likely	to	have	recurrent	NVE	(OR=0.24;	P<.0001); develop acute 
rejection (OR=0.20; P=.006); or have lower survival (OR=0.28; P=.006).

Variables ITR (n=45) nITR (n=107) P- value

Mean age at transplant in years (SD) 7.57	(13.34) 41.76	(18.29) <.0001

Pediatric	patients	(%) 40	(88.89) 12 (11.21) <.0001

Adult	patients	(%) 5	(11.11) 95	(88.79)

Induction	therapy	(%) 43	(95.55) 74	(69.15) <.0001

Mean tacrolimus level 30 days prior to NVE in 
ng/mL	(SD)

10.12	(5.13) 9.08	(4.18) .235

CMV	infection	within	90	days	prior	to	NVE	(%) 3 (6.67) 8	(7.48) .859

Gastrointestinal	co-	infection	(%) 12 (26.67) 17	(15.89) .131

SD, standard deviation; NVE, norovirus enteritis; CMV, cytomegalovirus; ITR, intestinal transplant re-
cipients;	nITR,	non-	intestinal	allograft	transplant	recipients.

TABLE  1 Comparison of baseline 
characteristics between ITR and nITR

Variables IRT nITR P- value

Fever	on	presentation	(%) 10 (22.22) 20 (18.69) .630

Fever	at	the	end	of	therapy	(%) 0 (0) 3 (2.83) .265

Nausea	on	presentation	(%) 5	(11.11) 57	(53.27) <.0001

Nausea	at	the	end	of	therapy	(%) 1 (2.22) 8	(7.48) .390

Vomiting	on	presentation	(%) 10 (22.22) 47	(43.93) .010

Vomiting	at	the	end	of	therapy	(%) 1 (2.22) 2	91.87%) .988

Diarrhea	on	presentation	(%) 40	(88.89) 101	(94.39) .249

Diarrhea	at	the	end	of	therapy	(%) 8 (17.78) 32 (29.91) .199

Mean weight in kg at presentation (SD) 24.42	(20.82) 70.63	(25.42) <.0001

Mean weight in kg at the end of therapy (SD) 22.31 (19.78) 69.93	(24.73) <.0001

Mean WBCs at presentation (SD) 13.66	(10.46) 8.08 (6.09) <.0001

Mean WBCs at the end of therapy (SD) 10.67 (6.39) 6.02 (2.89) <.0001

NVE,	norovirus	enteritis;	ITR,	intestinal	transplant	recipients;	nITR,	non-	intestinal	allograft	transplant	
recipients; kg, kilograms; WBCs, white blood cells; SD, standard deviation.

TABLE  2 Symptoms of NVE at 
presentation and at the end of therapy in 
the ITR and nITR



The multivariable logistic regression for factors at diagnosis of 
NVE included age at transplantation; nausea, volume of stool, and 
GFR at presentation; and time to NVE from transplant. The only fac-
tor that remained statistically significant was age at transplantation 
(OR=0.98,	 0.98-	0.99;	 P<.001). The multivariable logistic regression 
for factors during the clinical course of NVE included the following: 
age	at	transplantation,	administration	of	anti-	motility	agents,	number	
of days on IV fluids, length of hospitalization, and mortality. The fac-
tors that remained statistically significant were age at transplantation 
(OR=0.91,	0.87-	0.95;	P<.0001);	administration	of	anti-	motility	agents	
(OR=1274.63,	 2.97-	54700.4,	 P=.021); and IV fluid administration 
(OR=1.77, 1.02.83, P=.018).

3.4 | Outcomes

Rejection	was	 diagnosed	 in	 20%	 (9/45)	 ITR	 vs	 4.67%	 (5/107)	 nITR	
(P=.005).	 Those	 having	 a	 functioning	 graft	 at	 3	months	 after	 infec-
tion:	 97.78%	 (44/45)	 ITR	 vs	 90.65%	 (97/107)	 nITR	 (P=.210). The 
mean	time	to	death	after	NVE	was	630.69	days	(SD	585.98)	for	ITR	vs	

506.18	days	(SD	512.25)	for	nITR	(P=.587).	No	deaths	were	attributed	
to NVE.

4  | DISCUSSION

Our study shows that the differences are significant in presentation 
and clinical course of NVE between patients with intestinal allograft 
(ITR) and native intestine (nITR). Compared to nITR, ITR were younger 
and became infected with NV earlier after transplantation, presented 
with	more	severe	disease,	required	more	frequent	hospitalization,	re-
ceived	more	anti-	motility	agents	and	TPN,	required	prolonged	IV	hy-
dration, and were more likely to develop acute rejection and to have 
poor overall survival. However, ITR are less likely to have nausea and 
vomiting at presentation compared with nITR.

There are several possible explanations for why ITR have less nau-
sea and vomiting at presentation: (i) The gastrointestinal transit and 
motility in the younger ITR group (mainly pediatric patients) might be 
different than in the older nITR group (mainly adult patients in our 

Variables ITR nITR P- value

Mean weight change from presentation to the 
end of therapy (SD)

0.69	(0.34) 0.78	(0.34) .873

Mean WBC change from presentation to the end 
of therapy (SD)

−3.56	(1.47) −2.44	(0.57) .397

Mean change in creatinine from presentation to 
the end of therapy (SD)

−0.32	(0.08) −0.52	(0.17) .432

Mean change in IgG level from presentation to 
the end of therapy (SD)

51.5	(33.5) 145.67	(180.47) .715

ITR,	 intestinal	 transplant	 recipients;	nITR,	non-	intestinal	allograft	 transplant	 recipients;	SD,	standard	
deviation; WBC, white blood cell.

TABLE  3 Changes in a few parameters 
from presentation to the end of therapy in 
ITR and nITR

Variable ITR (n=45) nRTI (n=107) P- value

IV	fluid	administration	(%) 40	(88.89) 85	(79.44) .149

Mean number of days of IV fluids (SD) 13.95	(19.48) 3.28	(4.31) <.0001

Change	in	enteral	formula	to	treat	NVE	(%)* 30 (90.91) 5	(100) .347

Nitazoxanide	administration	(%)* 1 (2.22) 13	(12.15) .030

Oral	IVIG	administration	(%)* 2	(4.44) 7	(6.54) .608

Nitazoxanide	and	oral	IVIG	administration	(%)* 0 (0) 5	(4.67) .058

Mean dose of oral IVIG administered in mg/kg 
(SD)

29.5	(6.36) 45.21	(8.58) .050

Mean number of doses of enteral IVIG (SD) 18	(14.14) 18.42	(13.72) .970

IVIG	administered	(%)* 3 (6.82) 4	(3.92) .466

Mean dose of IVIG in mg/kg (SD) 510.57	(77.87) 349.05	(180.22) .212

Anti-	motility	agent	administered	(%)* 4	(9.09) 52	(49.06) <.0001

Endoscopy performed within 1 week after 
diagnosis	of	NVE	(%)*

25	(55.56) 19 (17.76) <.0001

Mean days on TPN after NVE (SD) 24.3	(21.0) 11.62	(10.57) .118

*Did	not	include	all	patients.
ITR,	 intestinal	 transplant	 recipients;	 nITR,	 non-	intestinal	 transplant	 recipients;	 IV,	 intravenous;	 SD,
standard deviation; NVE, norovirus enteritis; IVIG, intravenous immunoglobulin; TPN, total parenteral
nutrition.

TABLE  4 Treatment administered to 
ITR compared with nITR



cohort). Several studies showed that with aging esophageal dysmotil-
ity increases, esophageal sphincter and peristaltic function deteriorate, 
and gastric emptying time is decreased;10–12 (ii) Intestinal transplan-
tation disrupts intestinal motility (resulting in either hypomotility or 
hypermotility of the intestine);13 or (iii) Intestinal transplantation is 
associated with changes in the microbiome and sometimes stasis of 
intestinal	contents	 leading	to	bacterial	overgrowth,	with	subsequent	
Toll-	like	receptor	activation	inducing	inflammation,	rejection,	and	graft	
dysmotility.13

NVE roenteritis was severe at presentation in our cohort, reflected 
in	 the	 rate	of	hospitalization	and	dehydration	 (need	 for	 IV	 fluids).	A	
high	 proportion	 of	 patients	 required	 hospitalization,	 a	 much	 higher	
rate than previously reported by Ye et al.14	(55%).	However,	this	may	
be	a	consequence	of	testing	bias;	patients	who	are	admitted	with	di-
arrhea	are	likely	to	undergo	a	more	extensive	diagnostic	work-	up.	We	
noticed a higher rate of admission for ITR than for nITR. Consistently, 
this group had higher stool output and higher WBC count correspond-
ing to a more intense inflammatory response. ITR are more prone to 
dehydration and malabsorption leading to hypovolemia and severe 
malnutrition, which can then be complicated by sepsis and organ fail-
ure.15 ITR recovered slower and had more prolonged hospital stays 
than nITR. These results are consistent with the data we previously 
reported,	 that	 is,	 ITR	 are	 not	 discharged	 quickly	 from	 the	 hospital,	
even	when	NVE	resolved,	mainly	because	of	multiple	co-	morbidities.4 
In our nITR group, the length of hospital stay was slightly shorter than 
the one previously reported in kidney transplant recipients (mean 
9.8±5.0	days),2 probably reflecting different local practices. No noso-
comial	or	healthcare-	associated	outbreaks	were	suspected	during	the	
study period.

Time to NVE after transplantation was shorter for ITR than nITR, 
possibly reflecting the profound immunosuppression and increased 
graft	susceptibility	to	infections	associated	with	ITR.	Although	donor-	
derived infections are a possibility, they could not be assessed, as we 
did not have testing at implantation; however, the allografts would not 
be taken from a donor with active intestinal pathology. In hemato-
poietic stem cell transplant recipients, NVE was reported at a median 
of	 36.5	days	 (range,	 5-	517	days)	 post	 transplantation;15 early infec-
tions might be explained by the high degree of immunosuppression 
combined	with	mucositis	 and	 graft-	versus-	host	 disease,	 both	highly	
prevalent in stem cell transplant recipients. In a study published by 
Roos-	Weil	et	al.2, the mean time to infection after kidney transplan-
tation was 37 months (SD 37 months). It is very possible that, in 
hematopoietic stem cell and intestinal transplantation, recipients’ im-
munological dysfunction of the intestine plays an important role in the 
pathology of certain gastrointestinal infections, explaining early onset 
of NVE.

The	ITR	were	more	frequently	retested	for	the	persistence	of	NV	in	
the stool, probably for the evaluation of abdominal symptoms and for 
the	 pre-	endoscopy	 evaluation	 for	 rejection.	However,	 no	 difference	
was found in the number of positive NV PCR results between the two 
groups. ITR were more likely to undergo endoscopy, a procedure that 
is necessary to assess for rejection as potential cause of diarrhea. ITR 
had a significantly higher number of NVE recurrences than nITR. We 

did not perform NV strain and variant analysis, and thus we cannot 
determine	if	the	patients	truly	relapsed	or	were	subsequently	infected	
with	a	different	NV	strain.	Also,	we	were	not	able	to	determine	if	ge-
netic differences existed between the two groups regarding the sus-
ceptibility to NV infections. It has been reported that carbohydrate 
expression in the intestinal epithelial cells, which allows NVs to bind 
to the epithelium, is genetically determined and impacts the rate of 
NV infections.16

Supportive care remains the main treatment for NVE, even in 
transplant recipients. ITR received IV fluid for a longer period of time 
than nITR, and their bowel movements returned faster to baseline 
compared to nITR. In our cohort, nITR were more likely to receive 
anti-	motility	agents,	experimental	treatment	with	nitazoxanide	alone,	
or nitazoxanide and oral immunoglobulin. It is possible that patients 
with ITR, who have intermittent diarrhea, were managed differently 
by the treating physicians, that is, they could be more likely to have 
endoscopy, and to have received less medications in view of their re-
current episodes of diarrhea. In a previous study, we reported that ITR 
who received induction therapy and had higher tacrolimus levels were 
more likely to received oral immunoglobulins, to be started on TPN, 
and to have immunosuppression decreased to treat NVE.4 However, 
the previous study represented the University of Nebraska Medical 
Center experience,4 while the new data from this study represents the 
combined	experience	 from	two	centers.	Limited	evidence4,17,18 sug-
gests that administration of oral immunoglobulins could improve the 
symptoms and shorten the duration of diarrhea. Nitazoxanide expe-
rience in immunocompromised patients is even more limited;19 most 
of the data come from immunocompetent patients who were treated 
for rotavirus and NVE in the outpatient setting with good response.20

Regarding outcomes, ITR had a higher rate of rejection than nITR, 
but it has been previously reported that rejection rates in intestinal 
transplantation are higher than that with other allografts.5 We did not 
find a difference in the functioning graft 3 months after infection or in 
the time to death after NVE different between the two groups, but ITR 
had a lower survival rate.

Our study has the limitations inherent to any retrospective study. 
We had a strict definition for NVE, but the diagnosis of NVE was de-
pendent	on	the	documentation	that	could	have	been	over-	reported	
because of NV shedding without intestinal disease. The stool fre-
quency	and	volume	were	well	documented	in	the	inpatient	records,	
but not consistently documented in the outpatient records. The role 
of NV as an etiologic agent of diarrhea in our cases is supported by 
significant increased stool output not associated with rejection, im-
munosuppression, or change in enteral nutrition, and return of stool 
output to baseline at the end of treatment period. We included pa-
tients	with	 other	 intestinal	 co-	pathogens	 as	 a	 relatively	 significant	
proportion	 of	 recipients	 have	 co-	infections;	 it	 is	 unclear	 to	 what	
extent these pathogens contributed to diarrhea and to the clinical 
outcomes. Because of the small number of patients who received 
nitazoxanide and oral immunoglobulin, we could not determine the 
impact of these treatments on resolution of diarrhea. Our two groups 
were not similar, reflecting the higher need for intestinal transplan-
tation in the pediatric population; the ITR group predominantly 



included pediatric patients, while the comparator included more 
adults.	Although	 ITR	were	more	 likely	 to	 receive	 induction	 therapy,	
there was no difference in tacrolimus level during the 3 months prior 
to NVE. By comparison with ITR, nITR had higher weight at presen-
tation and at the end of treatment, parameters most likely related to 
the older age of the group. On the other side, the major strengths of 
our	study	rely	on	the	overall	sample	size.	Also,	this	is	the	first	study	
to our knowledge to compare epidemiology, clinical presentation, and 
outcome of NVE in ITR and nITR.

5  | CONCLUSIONS

Solid organ transplant recipients are susceptible to NV infections. 
Understanding the differences in clinical course of NVE between dif-
ferent	allografts	would	help	 to	understand	who	might	 require	more	
aggressive intervention or might benefit from novel therapeutic 
agents. Our findings suggest that the intestinal allograft might be in-
fected earlier after transplantation than the native intestine. The ITR 
tend	 to	 have	more	 severe	 presentation	 reflected	 in	more	 frequent	
hospital	admissions	and	requirement	of	prolonged	 IV	hydration,	but	
are less likely to have nausea and vomiting at presentation compared 
with other allograft recipients.
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