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Abstract

Background:Human-cytomegalovirus (hCMV) infection involving the gastrointestinal

tract represents a leading cause of morbidity and mortality among kidney transplant

(KT) recipients (KTRs). Signs and symptoms of the disease are extremely variable.

Prompt anti-viral therapy administration and immunosuppressionmodification are key

factors for optimizing management. However, complex work-up strategies are gener-

ally required to confirm the preliminary diagnosis. Unfortunately, solid evidence and

guidelines on this specific topic are not available.

We consequently aimed to summarize current knowledge on post-KT hCMV-related

gastrointestinal disease (hCMV-GID).

Methods: We conducted a systematic review (PROSPERO ID: CRD42023399363)

about hCMV-GID in KTRs.

Results: Our systematic review includes 52 case-reports and ten case-series, pub-

lished between 1985 and 2022, collectively reporting 311 cases. The most frequently

reported signs and symptoms of hCMV-GIDwere abdominal pain, diarrhea, epigastric

pain, vomiting, fever, and GI bleeding. Esophagogastroduodenoscopy and colonoscopy

were the primary diagnostic techniques. In most cases, the preliminary diagnosis was

confirmed by histology. Information on anti-viral prophylaxis were extremely lim-

ited as much as data on induction or maintenance immunosuppression. Treatment

included ganciclovir and/or valganciclovir administration. Immunosuppression modifi-

cationmainly consisted ofmycophenolatemofetil or calcineurin inhibitorminimization

and withdrawal. In total, 21 deaths were recorded. Renal allograft-related outcomes

were described for 26 patients only. Specifically, reported events were acute kidney

injury (n = 17), transplant failure (n = 5), allograft rejection (n = 4), and irreversible

allograft dysfunction (n= 3).
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Conclusions: The development of local and national registries is strongly recom-

mended to improve our understanding of hCMV-GID. Future clinical guidelines should

consider the implementation of dedicated diagnostic and treatment strategies.
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1 INTRODUCTION

hCMV-GID is a major concern after KT, because of frequency and

severity of this kind of infection in immunocompromised recipients.1,2

After transplant, hCMV may occur as a primary or secondary

infection.3 Clinically, it can present as an asymptomatic infection

(viremia without clinical symptoms), hCMV syndrome (viremia with

systemic symptoms), or hCMV disease (tissue-invasive disease).7

Major determinants of post-transplant hCMV disease are donor’s and

recipient’s serostatus,4 net state of immunosuppression,5 adminis-

tration of anti-rejection protocols containing mammalian target of

rapamycin inhibitors (mTORi),6 universal anti-viral prophylaxis,7 and,

to a lesser degree, concomitant Epstein-Barr virus or Polyomavirus BK

infection.8 Prompt diagnosis, anti-viral therapy, and immunosuppres-

sion modification are key factors in disease management.9,10 Never-

theless, such aggressive policy entails a significant risk of drug-induced

toxicity and allograft rejection.11,12 hCMV replication in solid-organ

transplant recipients is also accompanied by profound immunomodu-

lation that, eventually, increases the risk of allograft rejection.4,7,13

In KTRs, hCMV can virtually replicate in every organ and tissue.

However, the involvement of the gastrointestinal (GI) tract represents

a particularly challenging condition. Signs and symptoms of hCMV-

related gastrointestinal disease (hCMV-GID) are often vague and

may overlap with those caused by other microorganisms, pre-existing

conditions, or medications.14–16 High index of suspicion, systematic

work-up strategies, and invasive techniques are generally necessary

to confirm the preliminary diagnosis, leading to significant delay in

treatment and increased morbidity and mortality.14–17 Unfortunately,

current literature on hCMV-GID after KT is scattered in a plethora

of case-reports or small case-series. Therefore, we lack solid data,

and, consequently, precise guidelines, on epidemiology, clinical char-

acteristics, diagnostic criteria, treatment options and duration, and

outcomes.18 The aim of the present study was to systematically

review available information on hCMV-GID in KTRs, in order to devise

informed and clinically relevant suggestions.

2 MATERIALS AND METHODS

2.1 Literature search

We conducted a systematic review according to the 2009 Preferred

Reporting Items for Systematic Reviews andMeta-Analyses (PRISMA)

Checklist.19 In order to avoid overlap with other studies, we searched

PROSPERO® for any potentially ongoing similar reviews. Therefore,

we registered our work (PROSPERO ID: CRD42023399363). In June

2023, a comprehensive search was performed using four medical

databases (PubMed®, Embase®, Scopus® and Cochrane®) for any

articles reporting documented hCMV-GID in KTRs. No time limits

were applied to the search. The research combinations are reported in

full in the Supplementary materials. Only manuscripts in English were

considered. Congress proceedings and congress-related reports were

excluded due to the risk of reproducing same data. This review does

not cover hCMV-associated hepatobiliary disease inKTRs, a huge topic

undergoing a separate review.

2.2 Study selection and data extraction

Two different groups of authors performed the primary (IEZ, AS, EC,

and AC) and secondary (AC, SD, SI, and AG) searches. Disagreements

between the two teams were resolved by discussion with the senior

authors (EF, SD, RC, and MF). Duplicates and non-English-edited arti-

cles were removed. The remainders articles were screened through

the titles and abstracts. Only original reports on hCMV-GID in KTRs

were considered. All articles potentially describing KTRs with hCMV-

GID were assessed in full-text. On the contrary, articles reporting on

patients with pre-transplant hCMV-GID were selectively excluded. An

additional search of reference lists was performed by IEZ, AS, EC, AC,

and AG.

We structured a dedicated anonymized database in which we

included from the selected articles the following extracted parame-

ters: recipient’s country of origin, ethnicity, sex, primary renal dis-

ease, immunosuppressive scheme, age, previous episodes of rejec-

tion, donor’s type, time from transplant to hCMV-GID onset, time

from hCMV-GID presentation to final diagnosis, hCMV-GID signs

and symptoms, diagnostic work-up, endoscopy, histology, anti-viral

treatment, immunosuppression modification, and outcomes (including

patient survival, transplant failure, allograft rejection, temporary or

irreversible loss of allograft function).

2.3 Quality assessment of the studies

The studies that we included were assessed for methodological qual-

ity using a tool based on amodification of theNewcastle–Ottawa Scale
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as proposed by Murad et al.20 Questions #4, #5, and #6 of the original

questionnaires were not considered as suggested by the same authors

(mostly relevant to cases of drug-induced adverse events). We made

an overall evaluation considering the questions deemed most critical

in the specific clinical scenario, rather than using an aggregate score.

Accordingly, the quality of the studies was ranked as low, average,

or high, depending on their scoring in the questionnaire: respectively,

0−2, 3−4, or 5−6 points out of a total of 6 points.

Furthermore, we used the JBI critical appraisal tool21 to assess

thequality of retrospective case-reports and retrospective case-series.

More in detail, a score from 0 to 10 was attributed to retrospective

case-series and a score from 0 to 8 was attributed to retrospective

case-reports.

2.4 Statistical analysis

Our systematic review mostly included single case-reports and rel-

atively small retrospective case-series. Therefore, no meta-analysis

was performed as the case-series are composed of heterogeneous

patients, making any summary measure ineffective. In order to com-

pactly describe the available literature, we used numbers for the

categorical variables and ranges (min—max) for the continuous ones.

The tables herein presented must also be considered as a compact

way of describing the results from the literature. We acknowledge the

possibility that several hCMV-GID cases after KT may not appear in

our systematic review as in some circumstances various authors might

have reported such cases in articles broadly referring to complications

of solid organ transplantation. The statistical methods were assessed

by a professional expert in biomedical statistics (Federico Ambrogi,

Associate Professor of Biostatistics, University of Milan, Department

of Clinical Sciences and Community Health, Laboratory of Medical

Statistics and Biometry “Giulio A.Maccacaro”).

2.5 Institutional review board approval and
informed consent

Dataextractionand reviewwerecarriedoutusingpreviouslypublished

studies. Accordingly, no Institutional ReviewBoard approval or patient

informed consent were required.

3 RESULTS

3.1 Included studies

The number of reports preliminarily retrieved using each of the key-

word combinations previously mentioned was 4488. Following the

exclusion of duplicated articles (n = 3777), non-English-edited articles

(n = 194), and congress-related abstracts (n = 0), a pool of 517 stud-

ies remained for further evaluation. According to the inclusion criteria

previously described, and after reviewing the selected studies by titles

and abstracts, we identified 78 articles. Out of the 78 studies, 27 were

not reporting original cases of hCMV-GID after KT. Therefore, those

were excluded. We obtained further 11 reports searching through the

references. At completion of the process, 62 papers were selected.

There were no randomized clinical trials, prospective controlled stud-

ies, or prospective uncontrolled studies. In summary, our systematic

review consists of 52 retrospective case-reports, seven single-center

uncontrolled retrospective case-series, and three single-center con-

trolled retrospective case-series,71 thatwere published between 1985

and 2022. A flow diagram summarizing included articles and selection

processes is reproduced in Figure 1.

According to the modified Newcastle–Ottawa Scale, 37 items were

ranked as low-quality, 18 as average-quality, and seven as high-quality.

The application of the JBI critical appraisal tool indicates that themean

score for case-reports was 4.94/8 whereas the mean score for case-

series was 6.3/10. Main characteristics and qualitative evaluations of

the studies meeting the criteria for the systematic review are reported

in Tables 1 and 2. Overall, our review included 311 cases of hCMV-GID

after KT.

3.2 hCMV-GID epidemiology

In none of the included studies, it is reported the number of KT per-

formed over the same period in which the episodes of hCMV-GID

were diagnosed and treated. Therefore, there are no reliable esti-

mates of cumulative incidence or prevalence. The donor-, recipient-,

and transplant-related characteristics are summarized in Table 3.

3.3 hCMV-GID clinical characteristics

Thedistribution per site ofCMV-GIDafterKT is summarized inTable 4.

The time between transplantation and hCMV-GID occurrencewas not

available in themajority of cases included. However, in those reported,

it ranged from 3 days to 22 years,68 with various studies describing a

late onset of the disease. Similarly, data regarding the time required to

obtain a definitive diagnosis were rarely recorded (n = 6),23,30,42,53,54

ranging from seven to 31 days. Information regarding clinical pre-

sentation could be obtained for 84/311 patients (27%). The Table 4

reports as well post-KT hCMV-GID signs, symptoms, and the rarely

mentioned (32/311, 10.3%) laboratory findings. Clinical features of

post-transplant hCMV-GID are also summarized in the Supplementary

materials.

3.4 hCMV-GID diagnostic work-up

The diagnostic work-up of post-KT hCMV-GIDwas described for most

patients included in our review (298/311, 95.8%). Esophagogastro-

duodenoscopy and colonoscopy represented thepreferred techniques.

In most cases, the preliminary diagnosis was confirmed by histology.

Overall, 258 biopsies were obtained, more often during endoscopic
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F IGURE 1 PRISMA flow diagram summarizing the identification and selection of the relevant literature on human-Cytomegalovirus-related
gastrointestinal disease in kidney transplant recipients. hCMV-GID, human-cytomegalovirus-related gastrointestinal disease; KT, kidney
transplantation.

TABLE 1 Studies identified through screening of online repositories.

PubMed® Embase® Scopus® Cochrane®

Esophagitis 46 90 47 0

Gastritis 28 128 47 1

Enteritis 70 317 28 24

Colitis 87 203 21 4

Proctitis 1 1 1 0

Digestive system disease 320 1798 441 32

Pancreatitis 379 166 107 1

evaluation and, less frequently, as a part of surgical exploration

or autopsy. Biopsy specimens (hematoxylin/eosin, immunohistochem-

istry, or in situ hybridization) confirmed the presence of hCMV in

255 cases. Histology findings included mucosal hyperemia, mucosal

erosion, mucosal ulceration, hemorrhagic lesions, hCMV-associated

vasculitis, and ischemic lesions. In three patients with a definitive diag-

nosis of hCMV-GID, histology failed to demonstrate hCMV inclusions

in tissue specimens.42,59 Other reported diagnostic methods were

hCMV serology, CMV DNA qPCR on blood samples, pp52 antigene-

mia, and pp65 antigenemia. The diagnostic work-up is summarized in

Table 5.

3.5 hCMV-GID treatment and outcomes

Overall, details on hCMV-specific anti-viral therapy were reported in

139/311 (44.7%) cases. According to the information collected, 112

patientswere administered ganciclovirmonotherapy,27,83 six valganci-

clovir monotherapy,25,29,31,50 and 18 a sequential combination of both

drugs.23,24,30,36,41,44,45,51,59,60,62,63,66,74 Three KTRs did not receive

anti-viral therapy.35,68 The duration of ganciclovir and valganciclovir

administration ranged from 14 to 35 days and from 21 to 30 days,

respectively.

For 25patients, immunosuppressionmodificationwas recorded and

includedMMFwithdrawal,MMF reduction, CNIminimization, andCNI

suspension. Treatment-related data are summarized in Table 6.

Patient survival was available for 290/311 (93.2%) episodes of

hCMV-GID. Overall, 21 deaths were recorded. More in details,

reported causes of deathwere complications directly related to hCMV

infection (n = 11),16,56,68 sepsis (n = 4),22,35,73 multi-organ failure

(n = 4),54,65 gastric cancer (n = 1),31 and lung cancer (n = 1).41 Recip-

ients’ age at the time of the death ranged from 32 to 71 years. Renal

allograft-related outcomes were described for 26/311 (8.4%) patients

with hCMV-GID. Particularly, reported events were not-otherwise

specified acute kidney injury (n = 17),25,27,28,30,44,46,51,62,68,71 trans-

plant failure (n= 5),30,44,47,71 allograft rejection (n= 4),28,62,72 and irre-

versible allograft dysfunction (n= 3).62 Patient- and transplant-related

outcomes are synthetically described in Table 6.
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TABLE 2 Studies meeting the criteria for the systematic review.

Study Design Period

Size

P/D Disease NOS JBI

Abderrahim et al.22 CR 2003 2/2 Colitis L 4

Alhyraba et al.23 CR 2007 1/1 Enteritis L 6

Baek et al.24 CR 2015 1/1 Gastritis H 7

Baradhi et al.25 CR 2018 1/1 Colitis L 4

Canbakan et al.26 CR 2005 1/1 Gastritis A 4

Chang et al.27 CR 2005 1/1 Upper GI L 4

Chang et al.28 CR 2004 1/1 Colitis L 5

Chen et al.29 CR 2008 1/1 Gastritis A 4

Dahman et al.15 CR 2010 1/1 Colitis L 6

De Andrade et al.16 SUCS 2012 407/23 Esophagitis I 6

Gastritis

Colitis

De Bartolomeis et al.30 CR 2005 1/1 Colitis L 6

Di Cocco et al.31 CR 2012 1/1 Gastritis A 6

Dumoulin et al.32 CR 2003 1/1 Colitis L 5

Durand et al.33 SCCS 2011 11/11 Unspecified GID H 8

Ensaroglu et al.34 SUCS 2015 1/1 Colitis A 6

Fernández-Cruz et al.35 CR 1989 5/2 Pancreatitis I 4

Florescu et al.36 CR 2011 1/1 Colitis L 5

Fung et al.37 CR 2020 1/1 Duodenitis L 3

Giladi et al.38 CR 1998 3/2 Upper Gi A 5

Gastritis

Gioco et al.39 SUCS 2020 4/4 Colitis A 4

Gorsane et al.40 CR 2013 1/1 Colitis L 6

Gueguen et al.41 CR 2019 1/1 Colitis L 6

Gupta et al.43 CR 2014 1/1 Upper GI L 3

Hogan et al.44 CR 2022 1/1 Lower GI I 5

Ishaque et al.14 SUCS 2015 200/23 Esophagitis I 7

Gastritis

Enteritis

Colitis

Proctitis

Joo et al.45 CR 2013 1/1 Esophagitis L 5

Ju et al.46 CR 2001 1/1 Upper GI L 5

Lower GI

Kaplan et al.47 SUCS 2010 10/10 Upper GI H 6

Karagiannis et al.48 CR 2007 1/1 Lower GI L 3

Kato et al.49 CR 2019 1/1 Enteritis I 6

Kazanji et al.50 CR 2015 1/1 Duodenitis L 4

Keskar et al.51 CR 2015 2/2 Gastritis A 5

Kim et al.52 SCCS 2016 26/26 Unspecified GID A 8

Klein Nulend et al.59 CR 2022 1/1 Proctitis H 7

Kodama et al.53 CR 1985 2/2 Gastritis L 3

(Continues)

 13990012, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.15218 by U

niversita'D
egli Studi D

i M
ila, W

iley O
nline L

ibrary on [21/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6 of 16 ZAIS ET AL.

TABLE 2 (Continued)

Study Design Period

Size

P/D Disease NOS JBI

Lee et al.54 CR 2004 1/1 Colitis L 7

Lempinen et al.75 SUCS 2009 82/8 Upper GI H 6

Li et al.55 CR 2009 1/1 Gastritis A 5

Lin et al.56 CR 2008 1/1 Gastritis A 4

Moustafellos et al.57 CR 2006 1/1 Gastritis L 4

Muldoon et al.58 CR 1996 1/1 Colitis L 7

Papadimitriou et al.60 CR 2012 1/1 Enteritis L 5

Peixoto et al.61 CR 2016 1/1 Upper GI L 4

Posadas Salas et al.62 CR 2019 6/5 Colitis H 5

Posen et al.63 CR 2013 1/1 Appendicitis L 4

Ríos et al.64 CR 2016 1/1 Lower GI L 4

Santoro-Lopes et al.42 CR 2011 1/1 Colitis L 6

Sarkio et al.76 SCCS 2005 89/34 Upper GI H 6

Scully et al.65 CR 2001 1/1 Upper GI L 4

Lower GI

Shim et al.66 CR 2019 1/1 Colitis L 4

Shrestha et al.67 CR 1995 1/1 Colitis L 3

Sinha et al.68 CR 2002 5/2 Pancreatitis A 4

Slifkin et al.69 CR 2001 5/2 Enteritis A 5

Colitis

SmakGregoor et al.70 CR 1997 1/1 Colitis L 5

Stas et al.71 CR 1996 1/1 Colitis L 8

Tapan et al.72 CR 2012 1/1 Gastritis A 4

Toogood et al.73 CR 1996 3/3 Colitis L 6

Toussaint et al.74 CR 2005 1/1 Upper GI L 5

Lower GI

Trappe et al.77 CR 2007 1/1 Colitis L 5

Veroux et al.78 CR 2007 1/1 Colitis L 6

Wadhwa et al.17 SUCS 2018 1770/106 Esophagitis L 6

Gastritis

Colitis

Yazawa et al.79 CR 2019 1/1 Colitis L 4

Abbreviations: CR, retrospective case-report; D, disease; GID, gastrointestinal disease.; NOS, New-Castle Ottawa Scale; P, patient; SCCS, single-center

controlled retrospective case-series; SUCS, single-center uncontrolled retrospective case-series.

4 DISCUSSION

hCMV represents a leading cause of post-KT morbidity and

mortality.80,81 Considering the high seroprevalence of the virus in

the general population,82 its ability to establish life-long latency

into the host,83 the increasing use of powerful immunosuppressive

protocols,84 and the overwhelming number of frail or sensitized ESRD

patients,85 the incidence of hCMV-related complications is expected

to rise in the future.

GI involvementmay account for up to 70%of post-transplant hCMV

tissue-invasive infections,86,87 and hCMV-GID appears to be rela-

tively frequent among KTRs. However, most reports available in the

literature are driven by publication bias and do not provide compre-

hensive data on incidence or prevalence, thus limiting the opportunity

to explore the real epidemiology of the disease. The proportion of

recipients experiencing post-KT hCMV-GID with GI symptoms severe

enough to require endoscopynominally ranges from15.5%17 to68%,75

while De Andrade and Lempinen suggested that post-transplant

hCMV-GIDproportionmight exceed10%.16,75 Altogether, the creation
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TABLE 3 Summary of the characteristics of the kidney transplant
patients with hCMV-GID described in the case-reports and
case-series constituting the systematic review.a

Variables

Number or

range

(min–max)

Recipients 311

Country of origin:

Somalia 1

N/A 310

Ethnicity:

Caucasian 2

Afro-Caribbean 2

Asian 2

N/A 305

Sex:

Male 80

Female 48

N/A 183

Age at diagnosis (years) 8-73

Primary renal disease:

Primary or secondary

glomerulopathy16,23,24,31,35,49,55,57,62,66,68,71
20

Hypertensive nephropathy16,45,50,59,70 13

Diabetic nephropathy15,16,27,36,50 8

ADPKD41,64,65,73 5

Cystinosis62 1

Reflux nephropathy74 1

Renal malformation25 1

Nephrosclerosis30 1

Recurrent pyelonephritis44 1

N/A 260

hCMV serostatus:

hCMV IgG+ 74

hCMV IgG− 19

N/A 218

Time from transplant to hCMV-GID onset

(years)

0-22

Donor type:

Living donor16,22,24,46,51,53,55,57,68,69,71 26

Deceased

donor15,16,23,25–31,35,37–40,42,44,45,50,58–60,62,65,70,72–74
63

N/A 222

Donors

Donor’s ethnicity:

N/A 311

Donor’s sex:

N/A 311

(Continues)

TABLE 3 (Continued)

Variables

Number or

range

(min–max)

Donor’s age:

N/A 311

Donor’s hCMV serostatus:

hCMV IgG+ 76

hCMV IgG− 14

N/A 221

Transplants

HLAmismatch:

N/A 311

hCMV serostatus matching:

D+/R-16,24,38,50,60,73 9

D+/R+16,22,23,30,32,42,51,55,56,58,59,68,74 65

D-/R+16,24,38,50,60,69,73 5

D-/R-16,31,36,41,44,57,66,69 7

N/A 214

Induction immunosuppression:

Basiliximab25,27,30,31,55,59,60,62,72 12

rATG23,25,26,40,43 19

OKT358,69 2

Alemtuzumab57 1

Methilprednisolone25,26,30,46,56 7

No induction24,51,70 3

N/A 276

Maintenance immunosuppression:

Tacrolimus23,26,36,37,40,42,45,49–51,55,57,59,61–63,66
38

Cyclosporin15,22,27,28,30–32,38,41,46,54,56,58,60,64,68,70–74
34

MMF15,16,22,24–28,30,31,36,40,41,43,45,50,51,54–56,57,59,61,62,65,70,72,74
85

Azathioprine22,35,36,38,58,68,69,71,73,74 15

Everolimus23,42 5

Steroid15,16,22–28,30–32,35–43,45,46,49–56,57–63,66,68–74
101

N/A 206

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease;

hCMV-GID, human-cytomegalovirus-related gastrointestinal disease; N/A,

not available; D, donor; R, recipient; rATG, rabbit anti-thymocyte globulin;

OKT3, muromonab-CD3;MMF,Mycophenolatemofetil.
aSummaries based on individual cases should not be considered as an

estimate of the “real world”.

of registries should be promoted to collect inclusive epidemiological

data and to support effective strategies of prevention and screening.

The country of origin or ethnicity of the patients experiencing post-

transplant hCMV-GID were seldom recorded. On the contrary, data

regarding sex and age were available in most cases. Disparities in the
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8 of 16 ZAIS ET AL.

TABLE 4 Summary of the clinical characteristics of the episodes of hCMV-GID after kidney transplantation described in the case-reports and
case-series constituting the systematic review.a

Variables Number or range (min–max)

Episodes of hCMV-GID 311

hCMV-GID variant:

Esophagitis14,16,17,29,45,46,65,74 17

Gastritis14,16,17,24,31,46,51,53,55,56,57,65,72,74 29

Duodenitis 14,37,50 3

Upper-GI disease27,38,43,47,61,76 56

Enteritis23,49,60,69 4

Colitis14–17,22,25,28,30,32,34,36,39–42,54,58,62,66,67,69–71,73,77–79 136

Appendicitis63 1

Proctitis14,59 3

Lower-GI disease44,48,64, 3

Pancreatitis35,68 4

Not-otherwise specified GID16,33,46,52,65,74 55

Time from onset to diagnosis (days): 7-31

Symptoms:

Abdominal pain 42

Epigastric pain 39

Chest wall pain 1

Perianal pain 2

Dysphagia 2

Odynophagia 1

Nausea 6

Reflux 2

Malaise 8

Signs:

Fever 28

Vomiting 29

Diarrhea 40

GI bleeding 25

Weight loss 9

Anorexia 2

Laboratory findings:

Leukopenia27,40,41,58,59,63,69,73,74 15

Anaemia15,27,28,30,31,41,42,50,60,64,74 13

Elevated serum creatinine25,27,28,30,44,46,51,62,68,71 17

Elevated CRP28 2

Elevated amilase35 2

Elevated lipase35 2

hCMV viremia15,23–25,27,28,30,31,36,40,41,43,44,49,50,54–56,57–64,66,69,72,74 47

Abbreviations: hCMV-GID, human-Cytomegalovirus-related gastrointestinal disease; N/A, not available; CRP, C-Reactive Protein.
aSummaries based on individual cases should not be considered as an estimate of the “real world”.
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ZAIS ET AL. 9 of 16

TABLE 5 Summary of the diagnostic work-ups performed for the episodes of hCMV-GID after kidney transplantation described in the
case-reports and case-series constituting the systematic review.a

Variables Number or range (min–max)

Episodes of hCMV-GID 311

Laboratory analysis:

WCC 15

Renal function tests 17

CRP 2

Amylase 2

Lipase 2

hCMV-specific blood tests:

hCMV serology42,59 2

hCMVDNA qPCR15,23–25,27,28,30,31,36,40,41,43,44,49,50,54–56,57–64,66,69,72,74 47

p52 antigenemia50,76 34

pp65 antigenemia30,55,57,65,67,73,75,76 62

Endoscopy:

Esophagogastroduodenoscopy14,16,17,23,24,26–29,31,37,38,43,45–48,50,51,53,55,58,61,64,68,72,74,76 95

Colonoscopy14,17,25,28,32,36,40–42,44,46,48–51,58,60,62,64,67,70,74 137

Histology:

Endoscopic biopsy 232

Others 26

Histological findings

Mucosal hyperemia23,24,28,31,44,46,48,49,53,58 11

Mucosal erosion24,29,31,38,48,51,53,55,57,76 21

Mucosal ulceration15,16,26–32,36,37,40,42,43,45,46,48,50,51,54,56,60,61,63–66,68,71,74 57

Haemorragic lesions15,58,64,68,71,74 8

hCMV-associated vasculitis70,74 3

Ischemic lesions40,58,70,74 4

Abbreviations: hCMV-GID, human-cytomegalovirus-related gastrointestinal disease; WCC, white cell count; N/A, not available Abbreviations: CRP,

C-Reactive Protein.
aSummaries based on individual cases should not be considered as an estimate of the “real world”.

access to the transplantwaiting list or in the number of transplants per-

formed between different subgroups of patients may actually explain

the predominance of adult males among KTRswith hCMV-GID.88

The primary renal disease of KTRs with hCMV-GID is generally

underreported and there is no demonstrable clustering between the

cause of ESRD and post-transplant hCMV-GID susceptibility.89

The net state of immunosuppression represents the major deter-

minant of hCMV infection susceptibility after KT.90 However, the

role of specific maintenance immunosuppressive agents in the devel-

opment of post-transplant hCMV tissue-invasive disease remains

debated.91 Unfortunately, data regarding induction immunosup-

pression in patients with hCMV-GID are scarce, thus preventing any

meaningful descriptive analysis. Sensibly, patients who had received

T- or B-cell depleting antibodies may deserve more aggressive diag-

nostic and treatment approaches in case of suspected hCMV-GID.

Data on maintenance immunosuppression were more consistently

reported, and they indicate a predominance of CNI (both tacrolimus

and cyclosporine), MMF, and steroid use among KTRs who experience

hCMV-GID. The association between chronic exposure to tacrolimus

or MMF and post-transplant hCMV infection has been extensively

investigated. Both drugsmay increase the risk of hCMV tissue-invasive

disease compared to cyclosporine or azathioprine, respectively.92–95

As nodirect comparison canbemadebetweenpatientswith orwithout

hCMV-GID who receive different immunosuppressive schemes, the

value of our findings in confirming this theory is limited. mTORi may

reduce the incidence and severity of various post-transplant viral

infections, including hCMV.6 However, the small proportion of patients

on mTORi with hCMV-GID might simply reflect the preferred use of

MMF over mTORi in most transplant centers.96 The impact of acute

or chronic steroid administration on the incidence of hCMV-GID after

KT is unclear because of a lack of comparative data. Nevertheless,

similarly to hCMV-related lung disease, rapid steroid withdrawal or

steroid-free immunosuppressive protocols may be associated with a

reduced incidence of hCMV-GID.97 Indeed, patients with recent acute
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10 of 16 ZAIS ET AL.

TABLE 6 Summary of treatments and outcomes of hCMV-GID after kidney transplantation described in the case-reports and case-series
constituting the systematic review.a

Patients Length Allograft

Treatment (n= 311) (range) Remission No response Relapse Death Graft loss Rejection Dysfunction

Anti-viral tp:

Ganciclovir 112 14–35 d 32 5 8 15 3 4 6

Valganciclovir 6 21–30 d 5 1 1 3

Both drugs 18 7–90 d 17 2 1 2 6

Untreated 3 3 2

N/A 172 1

ISmodification: 25

MMF reduction 7

MMF discontinuation 9

CNI reduction 3

CNI discontinuation 4

AZA discontinuation 4

mTORi 0

N/A 3

Abbreviations: hCMV-GID, human-cytomegalovirus-related gastrointestinal disease; tp, therapy; d, days; N/A, not available; IS, immunosuppression; MMF,

Mycophenolatemofetil; ↓, reduction;≠, withdrawal; CNI, calcineurin inhibitors; AZA, azathioprine; mTORi, mTOR inhibitors.
aSummaries based on individual cases should not be considered as an estimate of the “real world”.

rejection episodes receiving steroid pulses often experience transient

or prolonged hCMV reactivation.98

The average interval between transplantation and hCMV-GID is

variable, though the risk of hCMV tissue-invasive disease is high-

est within six months of transplant.99 hCMV-GID should be con-

sidered during the entire post-transplant follow-up, especially in

patients not receiving universal prophylaxis, with recent episodes

of rejection, or sustained exposure to high-dose immunosuppressive

therapy.

The diagnostic workup can be challenging. Since hCMV can break

through prophylaxis, KTRs with GI signs and symptoms should under-

went a systematic workup, regardless of the strategy for the control

of hCMV infection, that is, prophylaxis,100,101 pre-emptive therapy,80

or surveillance.7 Post-transplant hCMV infection can present with a

broad spectrum of signs and symptoms.12 In particular, the clinical

picture of hCMV-GID may be elusive, often remaining vague until

the occurrence of severe and life-threatening complications. Most

patients complain of non-localized abdominal pain or epigastric pain.

Frequently, they present with fever, diarrhea, vomiting, or episodes

of GI bleeding. First-line laboratory tests are of limited use in guid-

ing the diagnosis. Findings include various combinations and degrees

of leukopenia, thrombocytopenia, anemia, and elevated SCr concen-

tration. Furthermore, symptoms, signs, and laboratory findings of

hCMV-GID may overlap with those observed in several other condi-

tions commonly occurring in KTRs, such as drug-induced side effects,

bacterial or fungal infections, gastro-esophageal reflux disease, stress-

induced gastritis, colonic diverticulitis, or malignancy.102 Cases of

severe hCMV tissue-invasive disease with low-level or absent viremia

are relatively rare.103 Thus, routine nuclear antigen testing (NAT) or

DNA qPCR assays for the detection of hCMV replication in blood

samples should be promptly requested in all KTRs with GI symptoms,

especially those presentingwith diffuse abdominal pain, vomiting, diar-

rhea, or GI bleeding. However, we identified fifteen cases with discor-

dant blood and tissue CMV replication assays, in which tissue sample

analysis was necessary to make a diagnosis.28,29,32,42,45,51,54,60,69–71,73

When KTRs present with GI signs and symptoms and hCVM is not

detectable in blood, cross-sectional imaging, such as abdomen CT

or MRI, has a role,104 but, more significantly, endoscopy with tissue

sampling might speed diagnosis and targeted treatment start,75,105

especially in KTRs with recent episodes of GI bleeding. The major

advantages of endoscopy are the possibility to obtain tissue speci-

mens, and to promptly treat active sources of bleeding.106 Considering

the higher incidence of procedure-related adverse events observed in

the KTR population,101 the theoretical benefit of early endoscopy use

should be weighed against the risk of complications on an individual

basis.107

As stated, histology is a valuable tool to confirm the preliminary

diagnosis of hCMV-GID, regardless of the specific organ involved.

The details on the techniques used for specimens’ analysis were

omitted in most studies. hCMV-specific immunohistochemistry and

in situ hybridization procedures are probably more reliable than

direct microscopy and hematoxylin-eosin staining,108 but the cost-

effectiveness of these methods and the theoretical advantage of

combiningmultiple diagnostic modalities have yet to be assessed.87

The first-line treatment in the majority of post-transplant hCMV-

GID episodes consisted of intravenous ganciclovir administration,
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eventually followed by valganciclovir as secondary prophylaxis in some

cases. Even if the bioavailability of ganciclovir and valganciclovir is

almost equivalent,109 the intravenous drug administration is report-

edly preferred because the occurrence of nausea, vomiting, diarrhea,

or bleeding can require prolonged fasting periods or restricted oral

intake, the presence of abnormal bowel function or bowel inflamma-

tion can reduce the absorption of oral formulations,109 and, lastly, in

patients with acute kidney injury or “creeping” creatinine, oral valgan-

ciclovir is generally contraindicated for an higher risk of drug-induced

adverse reactions.110

The reported duration of hCMV-specific anti-viral therapy is

extremely variable and criteria for treatment discontinuation are

not always clearly reported. In general, ganciclovir administration is

switched to valganciclovir as soon as the patient is able to restore

normal oral intake or renal function recovers.111 The length of treat-

ment is usually guided by continuous clinical evaluations, serial hCMV

viral load testing in blood samples, and assessment of hCMV-specific

T-cell immunity.112 Only imaging or endoscopy can actually confirm

complete recovery,113 though this approach is not always practical.

Secondary prophylaxis with a three-to-six-month course of valganci-

clovir has been suggested in patients with severe forms of hCMV-GID,

early recurrence after anti-viral therapy discontinuation, and weak

hCMV-specific T-cell immunity.7,18,114,115

Clinical guidelines recommend reducing the net state of immuno-

suppression in all transplant recipients with hCMV-related tissue-

invasive disease.97,116 Unfortunately, the management of immuno-

suppressive therapy was marginally addressed in most of the studies

included in our review. The limited data available indicate that follow-

ing a step-by-step approach may be appropriate. MMF reduction or

withdrawal can be considered in most cases, at a very early stage. On

the contrary, CNI minimization or discontinuation should be reserved

to critically ill patients or those with sustained hCMV-GID after

proper anti-viral treatment and first line reduction of immunosuppres-

sion. Unless contraindicated by concomitant comorbidities, previous

episodes of drug-induced toxicity, or exceedingly high risk of rejec-

tion, temporary or definitivemTORi use can be considered.117,118 Both

sirolimus and everolimus have been demonstrated to interfere with

viral replicationandvirus-specific immunity, in several in vitro119 and in

vivo studies.120 In case of prolonged fasting, intravenous formulations

ofCNI and steroids canbeproposed, aiming tooptimize absorption and

bioavailability.121

Despite the recent advancements in prevention, diagnosis, and

treatment of post-transplant hCMV infection,99 the available litera-

ture, fraught with the known publication bias, displays that the out-

comes of KTRs with hCMV-GID remain suboptimal. In particular, the

mortality rate observed among patients developing bowel perforation

or presenting with acute pancreatitis appears high.22,30,35,37,49,68,73

The occurrence of transplant failure and irreversible allograft dys-

function are relatively frequent.62 The reasons behind are difficult to

ascertain. Late diagnosis plays a role as it inevitably leads to significant

delay in treatment. The lack of systematic protocols for the evaluation

of KTRs with GI symptoms represents a major issue, and it should be

formally addressed in future consensus conferences or upcoming clini-

cal guidelines.99 The limited options of specific anti-viral treatment,125

the toxicity profiles of currently available anti-hCMVdrugs,121–123 and

the emergence of drug-resistant hCMV strains124,125 are other rele-

vant contributing factors. The FDA has recently approved maribavir,

a novel compound acting on hCMV enzyme pUL97, for the treatment

of refractory forms of hCMV disease. However, to date, there are no

reports describing its efficacy and safety in the setting of post-KT

hCMV-GID.121

hCMV tissue-invasive disease can virtually affect any parts of

the GI tract. Colitis, gastritis, and esophagitis represent the most

reported forms of the disease, while duodenitis or pancreatitis are

less frequent but potentially lethal. However, altogether, colon hCMV

involvement is the most commonly detected, accounting for 94% of

cases of GID126,127 (Figure 2). Several hypotheses have been advanced

to explain the specific hCMV tropism for theGI tract. First, this tropism

might depend on the infected cell type. Since CMV spreads through

blood, tissues with greater vascularization and mesenchymal repre-

sentation will sensibly be the most affected. Secondly, the expression,

on specific cell populations, of the surface proteins serving as viral

dock stations might favour viral entry.128 Lastly, the prevalence of

colonic hCMV disease might be partly explained by local exposure to

proinflammatorymicrobiota.

To our knowledge, this is the first systematic review on hCMV-GID

after KT. All possible variables were included, aiming to summarize

available informationon themajor aspects of thedisease. Themain lim-

itation of our review consists in the inability to provide a structured

meta-analysis because of the nature of the available studies.Moreover,

we have summarized four decades of post-KT hCMV-GID experiences,

during which immunosuppression practices, antiviral drugs, diagnostic

tools have also evolved along with CMV strains. We are not entirely

sure that early results apply still today. Nonetheless, the updated ref-

erences herein reported are a basis for further research projects, and

offer a comprehensive insight to the transplant physicians who deal

with post-KT hCMV-GID.

5 CONCLUSIONS

Current evidence shows that post-KT hCMV-GID is a major threat

to both patient and allograft survival. Although esophagitis, gastritis,

and colitis represent the most frequently observed forms of the dis-

ease, hCMV-tissue-invasive infection can virtually affect any part of

the GI tract, with exceedingly high mortality in case of bowel perfo-

ration or pancreatitis. The signs and symptoms of hCMV-GID may be

subtle and variable, frequently overlapping with those determined by

other common conditions such as bacterial infections, drug-induced

side effects, or malignancies. The occurrence of new-onset abdomi-

nal pain, vomiting, diarrhea, or GI bleeding, especially in KTRs with

recent episodes of rejection, should prompt a systematicwork-up, aim-

ing to prevent delays in diagnosis and treatment. A combination of

hCMVDNA qPCR testing in whole blood samples, endoscopy, and his-
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F IGURE 2 Cases of human-cytomegalovirus-related colon
disease in kidney transplant recipients, with an example of
hemorrhagic CMV colitis (bottom picture).

tology generally yields a definitive diagnosis. Intravenous ganciclovir

is the mainstay of treatment. Anti-viral therapy withdrawal should

be guided by serial clinical evaluations and repeated assessments of

hCMV viremia. Dynamic testing of hCMV-specific T-cell immunity is

useful. In case of clinical remission, a course of secondary anti-viral

prophylaxis with oral valganciclovir may be considered. A multi-step

reduction of the net state of immunosuppression or the selective use

ofmTORimay improve viral clearance capacity, but a tailored approach

is suggested to minimize the risk of rejection or allograft dysfunction.

Considered the relatively low quality of the studies available and the

limited amount of data provided, dedicated registries should be imple-

mented to improve our understanding of post-KT hCMV-GID. Also,

future clinical guidelines should focus on dedicated diagnostic and

treatment strategies.

AUTHOR CONTRIBUTIONS

Zais IE: literature review, data collection, data review, drafting the

article, and editing; Sirotti A: literature review, data collection, data

review, drafting the article, and editing; Iesari S: research strategy, data

review, drafting the article, editing the article, critical revision, and

final approval; Campioli E: literature review, data collection, and data

review; Costantino A: data interpretation, critical revision, and final

approval; Delbue S: literature review, data interpretation, critical revi-

sion, and final approval; Collini A: literature review, data interpretation,

and critical revision; Guarneri A: literature review, data collection, and

data review; Ambrogi F: statistics, revision, and final approval; Cac-

ciola R: data interpretation, critical revision, drafting the article, and

final approval; Ferraresso M: supervision, data interpretation, criti-

cal revision, and final approval; Favi E: vision, study design, literature

review, data interpretation, drafting the article, critical revision, and

final approval.

We acknowledge participation in the Transplant Peer Review Net-

work and complied with the journal’s author guidelines and policies.

ACKNOWLEDGMENTS

Final language revision was kindly performed by Nicholas Raison,

Department of Urology, Guy’s and St Thomas’ NHS Foundation Trust,

London, UK, MRC Centre for Transplantation, Guy’s Hospital, King’s

College London, London, UK (nicholas.raison@kcl.ac.uk). Publication

costs were funded through the grant Ricerca Corrente by the Italian

Ministry of Health.

Open access funding provided by BIBLIOSAN.

CONFLICT OF INTEREST STATEMENT

The authors do not have any conflicting interests.

DATA AVAILABILITY STATEMENT

Data sharing not applicable to this article as no datasets were gener-

ated or analyzed during the current study.

ORCID

Ilaria ElenaZais https://orcid.org/0000-0002-4085-1884

Alessandro Sirotti https://orcid.org/0009-0002-6635-0006

Samuele Iesari https://orcid.org/0000-0002-6918-945X

EdoardoCampioli https://orcid.org/0009-0006-6864-0938

AndreaCostantino https://orcid.org/0000-0003-4345-6051

SerenaDelbue https://orcid.org/0000-0002-3199-9369

AndreaCollini https://orcid.org/0000-0002-3307-524X

AndreaGuarneri https://orcid.org/0000-0001-6542-4953

FedericoAmbrogi https://orcid.org/0000-0001-9358-011X

RobertoCacciola https://orcid.org/0000-0001-8363-1358

MarianoFerraresso https://orcid.org/0000-0003-3410-9090

Evaldo Favi https://orcid.org/0000-0001-6465-428X

REFERENCES

1. Vanichanan J, Udomkarnjananun S, Avihingsanon Y, Jutivorakool K.

Common viral infections in kidney transplant recipients. Kidney Res
Clin Pract. 2018;37(4):323-337. doi:10.23876/j.krcp.18.0063

 13990012, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ctr.15218 by U

niversita'D
egli Studi D

i M
ila, W

iley O
nline L

ibrary on [21/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:nicholas.raison@kcl.ac.uk
https://orcid.org/0000-0002-4085-1884
https://orcid.org/0000-0002-4085-1884
https://orcid.org/0009-0002-6635-0006
https://orcid.org/0009-0002-6635-0006
https://orcid.org/0000-0002-6918-945X
https://orcid.org/0000-0002-6918-945X
https://orcid.org/0009-0006-6864-0938
https://orcid.org/0009-0006-6864-0938
https://orcid.org/0000-0003-4345-6051
https://orcid.org/0000-0003-4345-6051
https://orcid.org/0000-0002-3199-9369
https://orcid.org/0000-0002-3199-9369
https://orcid.org/0000-0002-3307-524X
https://orcid.org/0000-0002-3307-524X
https://orcid.org/0000-0001-6542-4953
https://orcid.org/0000-0001-6542-4953
https://orcid.org/0000-0001-9358-011X
https://orcid.org/0000-0001-9358-011X
https://orcid.org/0000-0001-8363-1358
https://orcid.org/0000-0001-8363-1358
https://orcid.org/0000-0003-3410-9090
https://orcid.org/0000-0003-3410-9090
https://orcid.org/0000-0001-6465-428X
https://orcid.org/0000-0001-6465-428X
https://doi.org/10.23876/j.krcp.18.0063


ZAIS ET AL. 13 of 16

2. Alfieri CM, Molinari P, Gandolfo M, et al. Cytomegalovirus disease

in renal transplanted patients: prevalence, determining factors, and

influenceon graft andpatients outcomes.Pathogens. 2021;10(4):473.
doi:10.3390/pathogens10040473

3. Ljungman P, Boeckh M, Hirsch HH, et al. Definitions of

cytomegalovirus infection and disease in transplant patients

for use in clinical trials. Clin Infect Dis. 2017;64(1):87-91.

doi:10.1093/cid/ciw668

4. Raval AD, Kistler KD, Tang Y, Murata Y, Snydman DR. Epidemiology,

risk factors, and outcomes associated with cytomegalovirus in adult

kidney transplant recipients: a systematic literature review of real-

world evidence. Transpl Infect Dis. 2021;23(2):e13483. doi:10.1111/
tid.13483

5. Bataille S, Moal V, Gaudart J, et al. Cytomegalovirus risk factors in

renal transplantationwithmodern immunosuppression.Transpl Infect
Dis. 2010;12(6):480-488. doi:10.1111/j.1399-3062.2010.00533.x

6. Kaminski H, Marseres G, Yared N, et al. mTOR inhibitors prevent

CMV infection through the restoration of functional αβ and γδ T cells
in kidney transplantation. J Am Soc Nephrol. 2022;33(1):121-137.
doi:10.1681/ASN.2020121753

7. Kotton CN, Kumar D, Caliendo AM, et al. The third international

consensus guidelines on the management of cytomegalovirus in

solid-organ transplantation. Transplantation. 2018;102(6):900-931.
doi:10.1097/TP.0000000000002191

8. Blazquez-Navarro A, Dang-Heine C,Wittenbrink N, et al. BKV, CMV,

and EBV interactions and their effect on graft function one year

post-renal transplantation: results from a large multi-centre study.

EBioMedicine. 2018;34:113-121. doi:10.1016/j.ebiom.2018.07.017

9. Tang Y, Guo J, Li J, Zhou J, Mao X, Qiu T. Risk factors for

cytomegalovirus infection anddisease after kidney transplantation: a

meta-analysis. Transpl Immunol. 2022;74:101677. doi:10.1016/j.trim.

2022.101677

10. SenerM, Rogozinski T, George J, Mital D, Slakey D. Cytomegalovirus

and kidney transplantation: an update. OBM Transplant.
2023;7(1):174, [doi:10.21926/obm.transplant.2301174

11. Asberg A, Jardine AG, Bignamini AA, et al. Effects of the inten-

sity of immunosuppressive therapy on outcome of treatment for

CMV disease in organ transplant recipients. Am J Transplant.
2010;10(8):1881-1888. doi:10.1111/j.1600-6143.2010.03114.x

12. Azevedo LS, Pierrotti LC, Abdala E, et al. Cytomegalovirus infection in

transplant recipients. Clinics (Sao Paulo). 2015;70(7):515-523. doi:10.
6061/clinics/2015(07)09

13. Yoon SH, Cho JH, Jung HY, et al. Clinical impact of BK virus surveil-

lance on outcomes in kidney transplant recipients. Transplant Proc.
2015;47(3):660-665. doi:10.1016/j.transproceed.2014.11.051

14. Ishaque M, Rashid R, Mubarak M. Gastrointestinal complications

in renal transplant recipients detected by endoscopic biopsies in a

developing country. Indian J Gastroenterol. 2015;34(1):51-57. doi:10.
1007/s12664-015-0537-8

15. Dahman M, Krell R, Brayman K, et al. Simultaneous Clostridium

difficile-associated colitis and late-onset intestinal cytomegalovirus

disease in a renal transplant recipient.Ann Transplant. 2010;15(4):72-
76.

16. de Andrade LG, Rodrigues MA, Romeiro FG, Carvalho MF. Gas-

trointestinal cytomegalovirus disease in renal transplant recipients:

a case series. Clin Transplant. 2012;26(2):345-350. doi:10.1111/j.
1399-0012.2011.01514.x

17. Wadhwa RK, Nazeer A, Rai AA, Luck NH. Role of endoscopic

findings and biopsies in renal transplant recipients with gastroin-

testinal complications: a tertiary care experience. Exp Clin Transplant.
2018;16(5):522-527. doi:10.6002/ect.2017.0132

18. Razonable RR, Humar A. Cytomegalovirus in solid organ trans-

plant recipients-Guidelines of the American Society of transplan-

tation infectious diseases community of practice. Clin Transplant.
2019;33(9):e13512. doi:10.1111/ctr.13512

19. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Pre-

ferred reporting items for systematic reviews andmeta-analyses: the

PRISMA statement. BMJ. 2009;339:b2535. doi:10.1136/bmj.b2535

20. Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological quality

and synthesis of case series and case reports. BMJ Evid Based Med.
2018;23(2):60-63. doi:10.1136/bmjebm-2017-110853

21. Barker TH, Stone JC, Sears K, et al. The revised JBI critical appraisal

tool for the assessment of risk of bias for randomized controlled

trials. JBI Evid Synth. 2023;21(3):494-506. doi:10.11124/JBIES-22-
00430

22. Abderrahim E, Bouhamed L, Raies L, et al. Intestinal perfora-

tion following renal transplantation: report of 2 cases related to

cytomegalovirus disease. Transplant Proc. 2003;35(7):2706-2707.
doi:10.1016/j.transproceed.2003.08.063

23. Alhyraba M, Grim SA, Benedetti E, Clark NM. Unusual presentation

of cytomegalovirus enteritis after liver and kidney transplanta-

tion.Transpl Infect Dis. 2007;9(4):343-346. doi:10.1111/j.1399-3062.
2007.00276.x

24. Baek HS, Choe BH, Kim HK, Huh S, Cho MH. Coincidence of late-

onset cytomegalovirus-induced myositis and gastritis in a pediatric

renal transplant recipient. Transpl Infect Dis. 2015;17(6):864-867.
doi:10.1111/tid.12468

25. Baradhi KM, Aure RL, El-Amm JM. High-dose valganciclovir

treatment for resistant cytomegalovirus colitis due to UL97

and UL54 mutations. Transplant Proc. 2018;50(1):142-144.

doi:10.1016/j.transproceed.2017.11.013

26. Canbakan B, Mizrak D, Keven K, et al. Gastric ulcer despite no acid

in a renal allograft recipient: what is the link? Nephrol Dial Transplant.
2005;20(10):2279-2281. doi:10.1093/ndt/gfi080

27. Chang HR. Posttransplant cytomegalovirus disease presenting with

pyloric obstruction. Transplantation. 2005;79(10):1462-1463. doi:10.
1097/01.tp.0000144329.53119.4e

28. Chang HR, Lian JD, Chan CH, Wong LC. Cytomegalovirus ischemic

colitis of a diabetic renal transplant recipient. Clin Transplant.
2004;18(1):100-104. doi:10.1046/j.0902-0063.2003.00108.x

29. Chen YJ, Huang HC, Chen TC, Cheng HT. Cytomegalovirus esophagi-

tis with symptoms of gastroesophageal reflux disease in a kidney

transplant recipient. Kaohsiung J Med Sci. 2020;36(10):859-860.
doi:10.1002/kjm2.12264

30. DeBartolomeisC,Collini A, Barni R, RuggieriG, BerniniM,Carmellini

M. Cytomegalovirus infection with multiple colonic perforations in

a renal transplant recipient. Transplant Proc. 2005;37(6):2504-2506.
doi:10.1016/j.transproceed.2005.06.082

31. Di Cocco P, Soker T, Clemente K, et al. Cytomegalovirus and gas-

tric cancer after renal transplantation: a possible interplay. Transplant
Proc. 2012;44(7):1912-1915. doi:10.1016/j.transproceed.2012.06.
051

32. Dumoulin A, Boulmerka H, Tran Van Nhieu J, Lang P, Baron C.

Severe recurrent cytomegalovirus disease revealed by a colocu-

taneous fistula in a kidney transplant recipient. Transpl Infect Dis.
2003;5(3):147-150. doi:10.1034/j.1399-3062.2003.00014.x

33. DurandCM,Marr KA, ArnoldCA, et al. Detection of cytomegalovirus

DNA in plasma as an adjunct diagnostic for gastrointestinal tract

disease in kidney and liver transplant recipients. Clin Infect Dis.
2013;57(11):1550-1559. doi:10.1093/cid/cit521
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