
World Journal of 
Transplantation
World J Transplant  2012 December 24; 2(6): 84-103

ISSN 2220-3230 (online)

www.wjgnet.comwww.wjgnet.com



World Journal of 
TransplantationW J T

EDITOR-IN-CHIEF
Maurizio Salvadori, Florence

GUEST EDITORIAL BOARD 
MEMBERS
Yu-Fan Cheng, Kaohsiung
Yang-Jen Chiang, Taoyuan
Shiaw-Min Hwang, Hsinchu
Tang-Her Jaing, Taoyuan

MEMBERS OF THE EDITORIAL 
BOARD

Argentina
Walter Guillermo Douthat, Cordoba

Australia
Neil Boudville, Perth

Belgium
Olivier Detry, Liège

Brazil
Luiz A Alves, Rio de Janeiro
Ilka FSF Boin, Campinas
Niels Olsen Saraiva Câmara, Sao Paulo
Eleazar Chaib, Sao Paulo
Renato F da Silva, São José do Rio Preto
Katherine A Teixeira de Carvalho, Curitiba

Canada
Caigan Du, Vancouver

China

Jun He, Suzhou
Godfrey Chi-Fung Chan, Hong Kong
See Ching Chan, Hong Kong
Yan Chen, Hong Kong
KL Cheuk, Hong Kong

Czech Republic

Vladimir Holan, Prague

France

Ignacio Anegon, Nantes
Felix Cantarovich, Paris
Loïc Fouillard, Cergy-Pontoise

Georgia

Archil Boris Chkhotua, Tbilisi

Germany

Andres Beiras-Fernandez, Munich
Rainer Birck, Mannheim
Hassan Dihazi, Goettingen
Christoph Eisenbach, Heidelberg

Greece

Costas Fourtounas, Patras
Evgenios Goussetis, Athens

Hungary

Andrea Ferencz, Budapest

India

Sanjay Kumar Agarwal, New Delhi
Suraksha Agrawal, Lucknow

Iran

Parisa Badiee, Shiraz
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz

Israel

Assy Nimer, Safed

Italy

Gian Luigi Adani, Udine
Umberto Baccarani, Udine
Alessandro Busca, Turin
Cristina Costa, Turin
Andrea Giusti, Genoa
Paola Gremigni, Bologna
Salvatore Gruttadauria, Palermo
Alessandro Isidori, Pesaro

Japan

Walid Mohamed El Moghazy, Kyoto

I

Editorial Board
2011-2015

The World Journal of Transplantation Editorial Board consists of 100 members, representing a team of worldwide 
experts in transplantation. They are from 29 countries, including Argentina (1), Australia (1), Belgium (1), Brazil 
(6), Canada (1), China (9), Czech Republic (1), France (3), Georgia (1), Germany (4), Greece (2), Hungary (1), India 
(2), Iran (3), Israel (1), Italy (9), Japan (4), Netherlands (3), Norway (1), Poland (1), Saudi Arabia (2), South Korea 
(2), Spain (2), Switzerland (1), Tunisia (1), Turkey (4), United Kingdom (7), and United States (26).

December 24, 2012WJT|www.wjgnet.com



Yasuhiro Fujino, Akashi
Junya Kanda, Durham
Hiroshi Kanno, Saitama

Netherlands

Michiel GH Betjes, Rotterdam
Frank JMF Dor, Rotteram
Irma Joosten, Nijmegen

Norway

Lars Lysgaard Gullestad, Oslo

Poland

Piotr Czubkowski, Warsaw

Saudi Arabia

Ali Al-Ahmari, Riyadh
Imran Khalid, Jeddah

South Korea

Curie Ahn, Seoul
Jong Wook Chang, Seoul

Spain

Ruben Ciria, Cordoba
Luis Fontana, Granada

Switzerland

Andrea De Gottardi, Berne

Tunisia

Kais Harzallah, Tunis

Turkey

Elvan Caglar Citak, Mersin
Emir Baki Denkbas, Ankara
İhsan Ergün, Ankara
Murat Kilic, Izmir

United Kingdom

Jacob Attah Akoh, Plymouth
Atul Bagul, Leicester
Ricky Harminder Bhogal, Birmingham
Sarah Anne Hosgood, Leicester
Stefan Georg Hűbscher, Birmingham

Alan Jardine, Glasgow
Sanjeev Kanoria, London

United States

Robert Aris, Chapel Hill
Reto M Baertschiger, Indianapolis
Gerald Brandacher, Baltimore
Joseph F Buell, New Orleans
Herman S Cheung, Coral Gables
Diane M Cibrik, Ann Arbor
Ari Cohen, New Orleans
David KC Cooper, Pittsburgh
Cataldo Doria, Philadelphia
Amrita Dosanjh, San Diego
Stavros G Drakos, Salt Lake City
Sukru Emre, New Haven
Sherif S Farag, Indianapolis
Tibor Fulop, Jackson
G Ian Gallicano, Washington
Wenda Gao, Boston
W Scott Goebel, Indianapolis
Rujun Gong, Providence
Chad R Gordon, Baltimore
Angelika C Gruessner, Tucson
Jeffrey B Halldorson, Seattle
Mehdi Hamadani, Morgantown
Karen Hardinger, Kansas City
Ibtesam A Hilmi, Pittsburgh
Randeep Kashyap, Rochester
Tatsuo Kawai, Boston

II December 24, 2012WJT|www.wjgnet.com



 

W J
Contents

IWJT|www.wjgnet.com December 24, 2012|Volume 2|Issue 6|

World Journal of 
TransplantationT

84	 Polyomavirus-associated nephropathy

	 Costa C, Cavallo R

95	 Where are we at with short bowel syndrome and small bowel transplant?

	 Yildiz BD

Bimonthly  Volume 2  Number 6  December 24, 2012

REVIEW



Contents
World Journal of Transplantation

Volume 2  Number 6  December 24, 2012

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Yuan Zhou                             Responsible Science Editor: Jin-Lei Wang
Responsible Electronic Editor: Xiao-Mei Zheng                   Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

Careggi University Hospital, Viale Pieraccini 18, Flor-
ence 50139, Italy

EDITORIAL OFFICE
Jian-Xia Cheng, Director
Jin-Lei Wang, Vice Director
World Journal of  Transplantation
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: wjt@wjgnet.com
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Co., Limited
Room 1701, 17/F, Henan Building, 
No.90 Jaffe Road, Wanchai, Hong Kong, China
Fax: +852-31158812
Telephone: +852-58042046
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLICATION DATE
December 24, 2012

COPYRIGHT
© 2012 Baishideng. Articles published by this Open-
Access journal are distributed under the terms of  
the Creative Commons Attribution Non-commercial 
License, which permits use, distribution, and repro-
duction in any medium, provided the original work is 
properly cited, the use is non commercial and is other-
wise in compliance with the license.

SPECIAL STATEMENT 
All articles published in this journal represent the 
viewpoints of  the authors except where indicated oth-
erwise.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/2220-3230/g_info_20100722180909.
htm.

ONLINE SUBMISSION 
http://www.wjgnet.com/esps/

IIWJT|www.wjgnet.com

ACKNOWLEDGMENTS

APPENDIX

ABOUT COVER

AIM AND SCOPE

FLYLEAF

December 24, 2012|Volume 2|Issue 6|

NAME OF JOURNAL 
World Journal of  Transplantation

ISSN
ISSN 2220-3230 (online)

LAUNCH DATE
December 24, 2011

FREQUENCY
Bimonthly

EDITING
Editorial Board of World Journal of  Transplantation 
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: wjt@wjgnet.com
http://www.wjgnet.com

EDITOR-IN-CHIEF
Maurizio Salvadori, MD, Professor, Renal Unit, 

I	 Acknowledgments to reviewers of World Journal of Transplantation

I	 Meetings

I-V	 Instructions to authors

	 World Journal of Transplantation  Editorial Board, Kais Harzallah, Associate 

Professor, Unit of Organ Transplantation, Military hospital of Tunis, Tunis, 
1008, Tunisia

World Journal of  Transplantation (World J Transplant, WJT, online ISSN 2220-3230, DOI: 
10.5500) is a bimonthly peer-reviewed, online, open-access, journal supported by an 
editorial board consisting of  100 experts in transplantation from 29 countries.

WJT aims to report rapidly new theories, methods and techniques for prevention, 
diagnosis, treatment, rehabilitation and nursing in the field of  transplantation. WJT cov-
ers topics concerning organ and tissue donation and preservation; tissue injury, repair, 
inflammation, and aging; immune recognition, regulation, effector mechanisms, and op-
portunities for induction of  tolerance, thoracic transplantation (heart, lung), abdominal 
transplantation (kidney, liver, pancreas, islets), transplantation of  tissues, cell therapy and 
islet transplantation, clinical transplantation, experimental transplantation, immunobiol-
ogy and genomics, xenotransplantation, and transplantation-related traditional medi-
cine, and integrated Chinese and Western medicine. The journal also publishes original 
articles and reviews that report the results of  transplantation-related applied and basic 
research in fields such as immunology, physiopathology, cell biology, pharmacology, 
medical genetics, and pharmacology of  Chinese herbs.

I-II	 Editorial Board



Online Submissions: http://www.wjgnet.com/esps/
wjt@wjgnet.com
doi:10.5500/wjt.v2.i6.84

World J Transplant  2012 December 24; 2(6): 84-94
ISSN 2220-3230 (online)

© 2012 Baishideng. All rights reserved.

World Journal of 
TransplantationW J T

Cristina Costa, Rossana Cavallo

Cristina Costa, Rossana Cavallo, Virology Unit, University 
Hospital San Giovanni Battista di Torino, 10126 Turin, Italy
Author contributions: Costa C wrote the manuscript; Cavallo R 
reasonable for the supervision and discussion of this manuscript.
Correspondence to: Cristina Costa, MD, PhD, Virology Unit, 
University Hospital San Giovanni Battista di Torino, Via Santena 
9,10126 Turin, Italy. cristina.costa@unito.it
Telephone: +39-11-6705630  Fax: +39-11-6705648
Received: July 14, 2011        Revised: August 14, 2012
Accepted: October 31, 2012
Published online: December 24, 2012

Abstract
Polyomaviruses BK and JC are ubiquitous viruses with 
high seroprevalence rates in general population. Fol-
lowing primary infection, polyomaviruses BK and JC 
persist latently in different sites, particularly in the re-
no-urinary tract. Reactivation from latency may occur in 
normal subjects with asymptomatic viruria, while it can 
be associated to nephropathy (PVAN) in kidney trans-
plantat recipients. PVAN may occur in 1%-10% of renal 
transplant patients with loss of the transplanted organ 
in 30% up to 80% of the cases. Etiology of PVAN is 
mainly attributable to BK virus, although approximately 
5% of the cases may be due to JC. Pathogenesis of 
PVAN is still unknown, although viral replication and the 
lack of immune control play a major role. Immunosup-
pression represents the condicio sine qua non for the 
development of PVAN and the modulation of anti-rejec-
tion treatment represents the first line of intervention, 
given the lack of specific antiviral agents. At moment, 
an appropriate immunemodulation can only be accom-
plished by early identification of viral reactivacation by 
evaluation of polyomavirus load on serum and/or urine 
specimens, particularly in the first year post-trasplanta-
tion. Viro-immunological monitoring of specific cellular 
immune response could be useful to identify patients 
unable to recover cellular immunity posttransplanta-
tion, that are at higher risk of viral reactivation with 
development of PVAN. Herein, the main features of 
polyomaviruses BK and JC, biological properties, clinical 
characteristics, etiopathogenesis, monitoring and diag-

nosing of PVAN will be described and discussed, with 
an extended citation of related relevant literature data.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Polyomavirus-associated nephropathy (PVAN) is one of  
the most common viral complications in renal transplant 
recipients and is an increasingly recognized cause of  re-
nal transplant dysfunction and graft loss. Since the first 
description of  PVAN in 1995, an increasing prevalence 
rate from 1% to 10% has been evidenced[1]. The increase 
in prevalence data could be due to the introduction of  
new deeply immunosuppressive drugs and/or the relative 
decline in acute rejection rates. PVAN can lead to kidney 
graft loss in 10% up to 100% of  the cases, determining 
the return in hemodialysis within 6 to 60 mo, thus signifi-
cantly and markedly reducing the graft survival. 

Viral replication is the single common feature of  all 
patients at risk of  nephropathy. Therefore, screening 
for viral replication is the most useful tool for the iden-
tification of  patients at risk of  developing nephropathy, 
thus allowing for earlier intervention, in particular a 
pre-emptive reduction of  immunosuppression, with im-
provement of  outcome. Beside virological monitoring, 
in recent years the role of  virus-specific cellular immune 
response in the control of  viral replication has prompted 
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the development and employment of  methods for viro-
immunological monitoring. 

The complexity regarding diagnosis, monitoring and 
clinical management of  PVAN evidences the need for a 
multidisciplinary approach, including nephrologists, pa-
thologists, and clinical virologists. 

HUMAN POLYOMAVIRUSES AND 
NEPHROPAHTY 
The most characterized polyomaviruses infecting humans 
and involved in the pathogenesis of  PVAN are BK virus 
(BKV) and JC virus (JCV), named after the initials of  the 
patients in which they were first isolated in 1971[2,3]. In re-
cent years, other polyomaviruses have been described in 
humans, including WU, KI, Merkel cell virus and others, 
however their clinical role is still undefined and no as-
sociation to nephropathy has been evidenced. Moreover, 
also the non-human primate polyomavirus SV-40 has 
been detected in human specimens and is associated to 
nephropathy in these primates in the presence of  immu-
nocompromised conditions, such as infection with simian 
immunodeficiency virus (Table 1). SV-40 was accidentally 
introduced as a pathogen into the human population as a 
contaminant of  early polio vaccines, both the inactivated 
one by Salk and the oral one by Sabin, between 1955 and 
1964[4]. Apart for polio vaccines, strong serological and 
molecular evidence suggests that new SV-40 infections 
may be occurring in the human population, although the 
route of  transmission remains unknown. Pathogenic role 
of  SV-40 in humans is controversial and recent studies 
evidenced the risk of  false positive results because of  
contamination by common laboratory plasmids contain-
ing SV-40 sequences[5-7]. Nevertheless, like other poly-
omaviruses, SV-40 displays renotropism and is believed 
to latently persist in the kidney after primary infection. 

Polyomaviruses BK and JC are ubiquitous, with sero-
prevalence rates ranging from 70% to 90% in adult popu-
lation. Primary infection usually occurs early in the child-
hood, at a median age of  5 years, and is characterized by 
low upper respiratory tract morbidity or is asymptomatic. 
Following primary infection, BKV and JCV remain latent 
in different sites, including the renourinary tract, as the 
epidemiologically most relevant latency site, B cells, brain, 
spleen, and probably other organs. Periodical reactivation 
may occur in both immunocompetent individuals (in 0% 
up to 62%) and immunocompromised patients[8] and is 
evidenced by asymptomatic viruria. 

In contrast to BKV, that is found infrequently in the 
urine of  healthy adults, JC viruria occurs universally, 
increasing with age. In a study on 400 healthy blood do-
nors, Egli and colleagues evidenced that JC viruria was 
significantly more frequent and at a higher viral load in 
comparison to BK viruria (19% vs 7%, P < 0.0001)[9]. 
According to the Authors, these data indicate significant 
differences between BKV- and JCV-infected cells with re-
spect to anatomic location and/or accessibility to T cells 
in mucosal sites. 

At the time of  first description of  BK in 1971, the 
pathogenic role of  BKV remained elusive and it has been 
considered an orphan virus for many years afterwards. 
In 1978, Mackenzie and colleagues first described four 
features of  nephropathy in renal transplantation: (1) the 
detection of  urinary decoy cells; (2) the presence of  viral 
inclusions in uroepithelial cells in graft biopsies; (3) the 
difficulties in the differential diagnosis with acute rejec-
tion; and (4) the role of  immunosuppression in the devel-
opment of  these findings[10]. 

In 1995, Purighalla and colleagues described the first 
case of  PVAN and recognized it as a defined disease 
entity[11]. Subsequently, several reports with increasing 
prevalence rates from many transplant centres worldwide 
followed, evidencing a stepwise increase in incidence of  
PVAN from approximately 1% in 1995 to 5% or even 
more in 2001. Subsequently, studies from 2002 to 2004 
reported PVAN with prevalence rates of  1% to 10% 
(mean 5.1%). The majority of  the cases occur in the first 
year posttransplantation, although approximately 25% 
of  cases are diagnosed later. Clinical impact is relevant, 
as loss of  the renal graft ranges from 30% up to > 80% 
of  cases[12-14]; in transplant centres where screening for 
polyomavirus replication in the urine and plasma is per-
formed, the rate of  graft loss is lower[15]. 

Several studies evidenced that BK viremia is only 
rarely observed in non-kidney solid organ transplant 
recipients and biopsy-confirmed cases of  nephropathy 
have been described in few case reports[16-22], despite the 
similar or even higher level of  immunosuppression, thus 
supporting the role of  organ determinants in the patho-
genesis of  PVAN.

In hematopoietic stem cell transplant recipients, poly-
omavirus BK replication is commonly associated to hem-
orrhagic cystitis. Its incidence in this population ranges 
from 5.7% to 7.7%[23,24]. A case of  polyomavirus-induced 
hemorrhagic cystitis in renal transplantation patient with 
polyomavirus nephropathy has been reported[25]. 

Polyomavirus JC was first isolated in brain tissue from 
a patient with progressive multifocal leukoencephalopa-
thy, a demyelinating disease caused by lytic replication of  
the virus in oligodendrocytes and observed in the setting 
of  profound cellular immunosuppression, such as ac-
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Table 1  Polyomaviruses detected in humans and involved in 
the pathogenesis of polyomavirus-associated nephropathy

Virus Host Clinical diseases

BKV Human PVAN in renal transplantation
Hemorrhagic cystitis in bone 
marrow transplantation

JCV Human Progressive multifocal 
leukoencephalopathy
PVAN in renal transplantation

SV-40 Non-human primate Unknown; PVAN in renal 
transplantation?

PVAN: Polyomavirus-associated nephropathy; BKV: BK virus; JCV: JC 
virus.



quired immunodeficiency-syndrome. JCV has been also 
associated to nephropathy in kidney transplant recipients.

In fact, the etiological agent of  PVAN is BKV in 
most of  the cases, while JCV has been recognized as 
the etiologic agent in less than 3% of  all reported cases, 
alone[26,27] or in association to BKV[28]. Nevertheless, it is 
likely that the role of  JCV is more relevant than that re-
ported. In a recent study[29], a biopsy-proven PVAN was 
diagnosed in six kidney graft recipients with exclusive 
JCV viruria out of  75 patients (8%) with BKV and/or 
JCV viruria, thus accounting for an overall incidence dur-
ing the study period of  0.9%. 

A potential role for SV-40 in the etiology of  PVAN 
has been also suggested. Butel and colleagues[30] found 
that SV-40 seropositivity in children increased with age 
and was significantly associated to kidney transplantation. 
A co-infection with BKV and SV-40 has been described 
in two of  six renal transplant patients with PVAN[31].

The pathogenesis of  PVAN is still only incompletely 
understood, although it is now recognized that the inter-
action of  multiple factors concurs to the development of  
PVAN, including patient, organ, and viral determinants. 

In all the cases, the condicio sine qua non for the develop-
ment of  PVAN is the presence of  intense immunosup-
pression. Nephropathy has been associated particularly, 
but not exclusively, to triple immunosuppressive therapy, 
including tacrolimus, mycophenolate mofetil, and ste-
roids. It has been noted that the emergence of  PVAN 
coincided with the diffuse use of  tacrolimus and myco-
phenolate mofetil, although there is no proved causal re-
lationship, due to the different mechanisms of  action of  
these drugs[1,32]. It seems that the overall level of  immu-
nosuppression rather than a specific agent is involved in 
the pathogenesis of  PVAN, although we cannot exclude 
a drug-specific mechanism. The importance of  immuno-
suppression is also underlined by the fact that the main 
line of  intervention is by modulating immunosuppres-
sion, in particular reducing, switching or discontinuing a 
specific immunosuppressive agent. 

The preferential manifestation in renal allograft as 
compared to the native kidney of  other solid-organ trans-
plant recipients, suggests the role of  other factors. 

Among patient-related determinants, the following 
determinants have been identified as possibly contribut-
ing to PVAN: age > 50 years, male gender, white ethnic-
ity, pre-transplantation BKV seronegativity in children, 
interferon (IFN)-γ producing specific T-cells, presence of  
comorbidities such as diabetes mellitus and cytomegalo-
virus coinfection. 

Among organ determinants, the following factors 
have been considered as associated to viral replication 
and PVAN: HLA mismatching, previous episodes of  
acute rejection (treated with anti-lymphocyte preparations 
and intravenous steroid boluses), viral load in the renouri-
nary tract, presence of  renal injury (including calcineurin-
inhibitor toxicity, in fact the reduction of  this class of  
drug represents the very first line of  intervention). 

Among viral determinants, BKV genotypes (mutations 

in domain of  VP1 gene) and rearrangements in NCCR 
with presumably increased viral fitness. 

Determinants involved in determining the risk of  
PVAN are summarized in Table 2.

CLINICAL AND HISTOLOGIC FEATURES 
PVAN is typically diagnosed within the first year post-
transplantation, although approximately 25% of  the cases 
are seen later (range, 1.3-45.1 mo). Clinical presentation 
may be inconspicuous and lacks of  useful features. Vary-
ing degrees of  renal dysfunction may be seen, although 
in early stages even normal serum creatinine levels may 
be detected. PVAN may consist in interstitial nephritis 
and/or ureteric stenosis with ureteric obstruction, hydro-
nephrosis, and sometimes associated urinary tract infec-
tions. Progressive renal failure is reported in approxi-
mately 30%-60% of  the cases[33].

The stereotypical evolution of  PVAN has been thor-
oughly characterized and is as follows[34]. Most of  the cas-
es are preceded by an asymptomatic phase of  persistent 
and significant viruria, as demonstrated by the evidence 
of  a urine viral load > 105 copies/mL by polymerase 
chain reaction or by urine cytology (urinary decoy cells for 
at least 2 mo). Sustained BK viruria is typically followed 
within few weeks by viremia. A significant and sustained 
viremia (identified as > 5000 copies/mL plasma for 3 
consecutive weeks) identifies patients with uncontrolled 
viral replication potentially leading to parenchymal injury. 
Progression of  PVAN leads to eventual deterioration of  
the kidney graft function. Usually, appearance of  viruria 
and viremia precedes the increase in serum creatinine 
by weeks or months. Options for clinical interventions 
vary in relation to the stage of  PVAN course. In patients 
with viremia and viruria, a patient’s tailored reduction of  
immunosuppression before a significant renal injury has 
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Table 2  Determinants in the development of polyomavirus-
associated nephropathy

Determinants

Patient-related Age > 50 yr
Male gender
Comorbidities (diabetes mellitus)
Negative serostatus before transplantation

Organ-related Degree of HLA mismatching
Prior rejection episodes
Renal injury
Latent infection load

Viral-related NCCR rearrangements
Genotype
Viral fitness

Immunity-related Intense triple immunosuppression (calcineurin-
inhibitor, antiproliferative agent, steroid)
Rejection and anti-rejection treatment (anti-
lymphocyte preparations, iv steroid boluses)
Positive serostatus of donor
Low number of BKV-specific T-cells

NCCR: Noncoding control region; BKV: BK virus.

Costa C et al . PVAN



occurred leads to the resolution of  the infection in up to 
90% of  the cases with long term preservation of  renal 
function and a low risk of  acute rejection (10%-15%). No 
intervention is required in the sole presence of  viruria. In 
the presence of  viruria and viremia, increased serum cre-
atinine level and renal injury at graft biopsy, the interven-
tion by reducing immunosuppression is mandatory. Late 
diagnosis and intervention, once that graft dysfunction 
is evident, decreases significantly the likelihood of  viral 
clearance and is associated with higher probability of  graft 
loss (30% vs < 10%). In patients with end-stage PVAN, 
intervention is usually late and ineffectual; the end-stage 
PVAN is clinically and histologically similar to end-stage 
renal disease with progressive obliteration of  the renal 
tubules and decrease in viremia and viruria. 

PVAN displays a (multi)focal distribution in the kidney. 
Histologic diagnosis of  PVAN is based on the detection 
of  typical basophilic nuclear viral inclusion in epithelial 
cells (renal tubular and/or Bowman’s capsular lining uro-
thelium). The virus is identified by immunohistochemical 
staining for the so-called SV40 Large T antigen, which 
cross-reacts with polyomaviruses BKV, JCV, and SV40. 
Histologic patterns of  PVAN are based on the identifica-
tion and extend of  inflammatory infiltrates and fibrosis 
in association with viral infection[34]. The following pat-
terns have been described: pattern A with viral cytopathic 
changes within a normal renal parenchyma, scant or no 
tubular atrophy, interstitial fibrosis and inflammation; 
pattern B with combination of  viral cytopathic changes 
and focal/multifocal areas of  tubular atrophy/interstitial 
fibrosis/inflammation (< 25% for pattern B1; 25%-50% 
for pattern B2; > 50% for pattern B3); pattern C (end-stage 
PVAN) with scarce viral cytopatic changes within a dif-
fusely scarred renal tissue and extensive tubular atrophy/
interstitial fibrosis/inflammation.

DIAGNOSIS 
The definitive diagnosis of  PVAN is made by histopatho-
logic evaluation, however this presents some drawbacks, 
including limited sensitivity due to focal involvement, thus 
accounting for sampling errors; varying presentations 
with cytopatic-inflammatory and/or fibrotic/scarring pat-
terns; difficult differential diagnosis from acute rejection, 
that may coexist with a opposite impact on intervention 
strategies. As the main line of  intervention is by reducing 
immunosuppression, early diagnosis is fundamental for 
a pre-emptive treatment, before the instauration of  renal 
injury. Considering the main pathogenic factors of  PVAN, 
i.e., viral replication and failure of  immune surveillance, 
earl diagnosis may be accomplished by virological and 
viro-immunological monitoring, consisting in monitoring 
of  viral replication and evaluation of  virus-specific im-
mune response, respectively.

VIROLOGICAL MONITORING
Viral replication is the single common feature of  all renal 

transplant recipients at risk of  PVAN. Therefore, screen-
ing for viral replication allows for the identification of  
patients at risk of  developing PVAN, thus permitting 
earlier intervention consisting in a pre-emptive reduction 
of  immunosuppression[35], with improvement of  the out-
come. Screening for viral replication presents a high pre-
dictive value (100%), as in the absence of  viral replication, 
PVAN is excluded[36]. Moreover, virological monitoring 
is the most important tool for evaluating the response to 
the treatment in patients with confirmed PVAN. Differ-
ent screening assays are available and include: (1) urine 
cytology, i.e., the detection of  decoy cells that are pres-
ent in 40% to 60% of  transplant recipients, although it 
represents a good screening test with a 100% negative 
predictive value, positive predictive value is very low (ap-
proximately 20%)[33]; (2) quantification of  urinary BKV-
DNA, with a load 100-fold higher than plasma viral load 
that is found in 30% to 40% of  transplant recipients, with 
a positive predictive value of  approximately 40%[33]; and 
(3) quantification of  plasma BKV-DNA, with a viral load 
higher than 104 copies/mL recommended for a presumed 
diagnosis of  PVAN[32,37,38]; quantification of  urinary VP1 
mRNA that is likely to mirror active viral replication. 

Different screening methods present some drawbacks, 
for example urine cytology and urinary VP1 mRNA 
measurement are susceptible to preanalytic hazards due 
to the type and duration of  processing, viruria may dif-
fer depending on the type of  specimen (supernatant, cell 
pellet, resuspended urine), micturition intervals and fluc-
tuations of  urine content, inhibition of  polymerase chain 
reaction in urine (e.g., depending on urea concentration) 
for viruria. 

As regards VP1 mRNA, this assay was first proposed 
as a tool for noninvasive diagnosis of  PVAN adopting a 
cut-off  of  6.5 × 105 copies/nanogram of  total RNA[39] 
and has been recently described as a complementary assay 
to investigate viral replication on the basis of  the results 
of  a study having found that the mean copy number in 
patients without PVAN was significantly lower than that 
in biopsy-proven nephropathy[40], and the assay has been 
validated in an independent cohort of  renal transplant pa-
tients[41]. However, the use of  VP1 mRNA measurement 
has been criticized as it is dependent on the purity of  the 
RNA preparation and contamination by the encoding 
viral genomic VP1 DNA contaminating the VP1 cDNA 
preparation has been indicated as being potential respon-
sible for falsely high results[42]. We have recently evaluated 
the role of  urine VP1 mRNA quantification in a large 
cohort of  kidney transplant recipients and found that, by 
analyzing the operating characteristics, VP1 messenger 
study was not superior to viremia and was otherwise lim-
ited by the technical complexity in comparison to DNA 
detection[43]. 

According to the Consensus Recommendations of  a 
panel of  international experts, screening for polyomavi-
rus replication should be made by urine cytology or urine 
DNA load evaluation; recommended screening intervals 
are as follows: every 3 mo up to 2 years posttranplantation 

87 December 24, 2012|Volume 2|Issue 6|WJT|www.wjgnet.com

Costa C et al . PVAN



or when allograft dysfunction occurs or when allograft 
biopsy is performed. In the presence of  a positive screen-
ing tests (possible PVAN), adjunctive quantitative assays 
with identification of  cut-off  levels are recommended, 
including a urine DNA load > 107 copies/mL or plasma 
DNA load > 104 copies/mL. In the presence of  a positive 
adjunctive test above the threshold (presumptive PVAN), 
allograft biopsy is recommended in order to make a de-
finitive diagnosis of  PVAN and prompt intervention. 
Response to the treatment is monitored every 2-4 wk by 
evidencing a reduction of  urine and plasma DNA load 
until resolution of  PVAN. 

The performance characteristics of  tests for screening 
of  polyomavirus replication have been evaluated in recent 
studies. Based on a study by Viscount and colleagues[44] 
on a cohort of  114 kidney transplant recipients with four 
cases of  confirmed PVAN, BKV-PCR may prove supe-
rior to urine cytology, particularly in terms of  sensitivity 
and positive predictive value. A plasma DNA load > 1.6 
× 104 copies/mL evidenced an improved specificity to 
96% (vs 91% for plasma load of  104 copies/mL, 92% for 
urine load > 2 × 107 copies/mL, and 84% for urine cy-
tology) without reducing sensitivity (100% for all the mo-
lecular assays, as all the PVAN cases presented this viral 
load, vs 25% for urine cytology), however positive predic-
tive value was only 50% (vs 29% for plasma load of  104 
copies/mL, 312% for urine load > 2 × 107 copies/mL, 
and 5% for urine cytology). Nevertheless, the important 
clinical value of  a negative polymerase chain reaction test 
is well established. In a similar study performed at the 
Renal Transplant Centre of  Turin, Italy, on 229 patients 
with three cases of  confirmed PVAN (accounting for an 
overall prevalence of  1.3%), a viremia level > 1.6 × 104 
copies/mL was found in four cases, three of  which with 
PVAN. The following operating characteristics for the 
diagnosis of  PVAN were achieved: sensitivity 100%, spe-
cificity 99.6%, positive predictive value 75%, and negative 
predictive value 100%; of  course, the low number of  
PVAN cases represents a limitation of  this study[15].

Virological monitoring for PVAN at the Renal Trans-
plant Centre of  Turin, Italy, includes screening of  viruria 
and viremia twice monthly in the first 3 mo posttransplan-

tation, thereafter every 3 mo during the first 2 years and 
then yearly until the 5th year. Due to the possibility of  
self-limiting (transient) replication, positive screening as-
says are confirmed within 2-4 wk. 

Renal biopsy is performed in case of  suspected re-
jection, PVAN or declining renal function; in fact, also 
considering the potential for sampling errors due to 
focal involvement, renal biopsy is necessary to exclude 
other pathologic processes, such as acute rejection that 
may coexist[45]. At our centre, considering that in early 
stages of  PVAN viral inclusions may be absent, as well 
as inflammation may be scarce[46], beside histopathologic 
evaluation, also quantification of  polyomavirus DNA 
on renal graft biopsies and/or ureteric specimens is per-
formed. Polyomavirus-DNA quantitation could be useful 
in the presence of  little evidence of  viral cytopathy[46]. In 
a study on quantitation of  polyomaviruses BK and JC 
in human kidneys, the highest tissue viral loads (e.g., > 
103 copies/cell) were found in active PVAN, while it was 
significantly lower in pre-PVAN biopsies and in speci-
mens from patients with asymptomatic viruria[47]. Similar 
results were obtained by our group in a study on 109 
renal transplant patients with two cases of  histologically 
confirmed PVAN, with tissue BKV load > 104 copies/
cell in both PVAN cases and < 102 copies/cell in patients 
with asymptomatic viruria or pre-PVAN[48]. Overall, these 
studies evidenced that viral load are significantly higher 
in active PVAN and underline the low sensitivity of  tis-
sue polymerase chain reaction in early stages of  infection, 
possibly reflecting the low sensitivity due to focal involve-
ment, as already described for histopathology.

Recommended algorithm for virological monitoring 
of  polyomavirus BK replication in renal transplant recipi-
ents[49] is summarized in Table 3.

VIRO-IMMUNOLOGICAL MONITORING
Among determinants potentially involved in the patho-
genesis of  PVAN, there are immunity-related risk fac-
tors. These include immunosuppressive therapy, use of  
steroids, HLA-mismatching, rejection and anti-rejection 
treatment, and factors related to polyomavirus-specific 
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Table 3  Algorythm for the virological monitoring of polyomavirus BK replication in renal transplantation[49]

Assay Notes Timing - intervention

Screening Positive screening test (possible PVAN) Every 3 mo up to 2 yr post-transplantation or in case of 
allograft dysfunction or when renal biopsy is performed   Urine cytology (decoy cells) or urine DNA load

Adjunctive quantitative tests (threshold) Presumptive PVAN Pre-emptive reduction of immunosuppression
   Urine DNA load > 107 copies/mL or plasma 
   DNA load > 104 copies/mL
Allograft biopsy Definitive diagnosis of PVAN
Monitoring of response to treatment Every 2-4 wk
   Urine DNA load decreasing or plasma DNA 
   load decreasing
   Serum creatinine

Negative monitoring test (resolved PVAN)

PVAN: Polyomavirus-associated nephropathy.
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immune response[50]. Both humoral and cellular response 
may be associated to BKV replication and PVAN.

As regards humoral response to BKV and PVAN risk, 
it has been evidenced that BKV-seropositive recipients 
are not protected from viral replication and PVAN[12]. 
For example, in a study on 78 renal transplant patients, 
PVAN occurred in four of  the 59 (76% of  the whole 
study population) seropositive individuals and in one 
of  the 19 (24%) seronegative patients[12]. On the other 
hand, BKV-seronegative recipients are at higher risk of  
viral replication and nephropathy[51-53]. For example, BK 
viruria was significantly more frequent in seronegative 
recipients in comparison to seropositive patients (58% vs 
21% in a study population of  24 and 56 pediatric kidney 
transplant patients, respectively; P < 0.005)[51]. Never-
theless, although specific antibodies may accelerate the 
clearance of  primary infection, they seem to play only a 
minimal role in the containment of  PVAN. In fact, al-
though a significant increase in immunoglobulins G titer 
is seen in patients with decreasing viremia values and af-
ter the resolution of  PVAN[52-54], individuals with elevated 
immunoglobulins G levels can still develop PVAN, thus 
suggesting a role of  defective cellular immune response 
in the onset of  nephropathy[55]. 

Until recently, studies on immune response to BKV 
have been limited, due to the little pathologic potential 
in immunocompetent individuals. It has been evidence 
that BK-seropositive healthy subjects present CD4+ 
and CD8+ cells specific for BKV Large T antigen and 
the capsid protein VP1; in particular, CD4+ T cells with 
cytotoxic potential seem to play a role in maintaining 
memory responses to BKV and contribute to the im-
mune control of  viral replication[56]. 

In renal transplant patients, it has been evidenced that 
control of  BKV replication and PVAN is correlated with 
the development or reconstitution of  BKV-specific cellu-
lar immune response; whereas the lack of  a protective im-
munity may favour the occurrence of  active infection and 
progression to PVAN[54,57]. The fundamental role of  T-cell 
immune response in the control of  BKV replication was 
first observed by the indirect evidence of  increased inci-
dence of  viral reactivation and development of  disease in 
relation to the degree of  immune compromise[8,32,49,58]. 

Evaluation of  BKV-specific cellular immune response 
could be accomplished by lymphocyte stimulation with 
inactivated cultured virus or specific epitopes/overlap-
ping peptide pools derived from VP1 and Large T anti-
gens (i.e., virus-specific stimulation step) and detection 
of  cellular immunity by labelled major histocompatibility 
complex class I tetramers, by intracellular staining and 
flow cytometry analysis, or by the enzyme-linked immu-
nosorbent spot (ELISPOT) assay for IFN-γ. 

By using one of  these assays, several studies have 
evidenced that kidney transplant recipients with with 
BK viremia or nephropathy failed to mount or expand a 
virus-specific cellular immune response, in comparison 
to seropositive healthy individuals or renal transplant 
patients with no evidence of  infection (negativity of  

viruria and viremia) or with evidence of  infection in the 
presence of  good renal function (evidence of  viruria, 
but no increase in serum creatinine)[54]. In particular, in 
patients with PVAN, no IFN-γ-secreting cell was detect-
able; whereas, in patients with PVAN, after reduction of  
immunosuppression, an increase in the number of  IFN-
γ-secreting cells to levels similar to those of  healthy sub-
jects was evidenced, in concomitance with a reduction of  
viremia and viruria. In seronegative healthy individuals no 
cellular immunity is detectable[54]. 

A defined association between viremia dynamics and 
BKV-specific cellular immunity has been evidenced. In 
a study on renal transplant recipients, cellular response 
to both Large T antigen and VP1 resulted significantly 
lower in patients with increasing or persistent viral load 
(n = 22 patients) in comparison to those with decreas-
ing (al least 2 log10 copies/mL) viral load or past PVAN 
(n = 20 patients)[57]. An example of  the course of  BK 
viral load and virus-specific cellular immune response in 
a kidney transplant recipient with polyomavirus reactiva-
tion treated with pre-emptive reduction of  maintenance 
immunosuppression has been reported by Comoli and 
colleagues[55]: the emergence of  BKV-specific T-cells co-
incides with the reduction of  viral load; the concomitant 
reduction of  serum creatinine indicates stabilization of  
graft function. This last finding seems to argue against 
the hypothesis that mounting of  cellular immunity is a 
major determinant of  tissue damage, as previously pro-
posed for hemorrhagic cystitis in bone marrow trans-
plantation[54,57,59]. Nevertheless, an inflammatory reaction 
mediated by different effectors may contribute to graft 
damage in case of  prolonged viral cytopathic damage[60,61]. 
Overall, these observations represent the basis by which 
it seems reasonable to manage therapeutic modulation by 
complementing quantification of  viral load (virological 
monitoring) with measurement of  specific cellular immu-
nity (viro-immunological monitoring). 

Prolonged and deep immunosuppression is consid-
ered as the most important determinant in the develop-
ment of  PVAN. In particular, although viral replication 
and PVAN has been associated to the overall level of  
immunosuppression rather than a specific drug, triple 
therapy including tacrolimus, mycophenolate mofetil and 
prednisone[62-64] seems to be associated with a higher risk 
than cyclosporine. The mechanism of  action of  anti-
rejection drugs interferes with the T cell activity. Calci-
neurin inhibitors (i.e., cyclosporine and tacrolimus) inter-
fere with T cell activation (signal-1); whereas mammalian 
target of  rapamycin (mTOR) inhibitors (i.e., sirolimus 
and everolimus) and anti-proliferative agents (i.e., azathio-
prine and mycophenolate mofetil) interfere with T cell 
proliferation downstream of  the interleukin-2-receptor 
activation (signal-3)[35,63,65]. 

Tacrolimus trogh levels > 8 ng/mL, and higher doses 
of  tacrolimus or mycophenolate mofetil, have been asso-
ciated to polyomavirus replication and the development 
of  PVAN[66]. Conversely, the reduction of  tacrolimus 
trough levels to 6 ng/mL and of  the daily dose of  myco-
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phenolate mofetil to ≤ 1 g, determined an improvement 
or stabilization of  PVAN in most of  the cases[67]. Accord-
ing to current consensus recommendations[49], tacrolimus 
trough levels should be targeted to 6 ng/mL, cyclospo-
rine A to 100-150 ng/mL, and mycophenolate mofetil 
should be reduced to a daily dose ≤ 1 g or discontinued.

As no effective antiviral therapy is available, the mile-
stone of  treatment is represented by the pre-emptive re-
duction of  immunosuppression on the basis of  virologi-
cal monitoring, although no protocol has been defined. 

Based on the knowledge of  the mechanisms of  action, 
it can be hypothesized that the frequency of  BKV-specific 
IFN-γ producing T cells is impacted by the immunosup-
pressive treatment. A recent study, using IFN-γ ELISPOT 
assays, investigated immunosuppressive drug levels and 
BKV Large T antigen-specific T cell responses in kidney 
transplant recipients in vivo and in healthy donors after 
titrating immunosuppression in vitro[68]. Based on their re-
sults, in kidney transplant patients in vivo (n = 16), respons-
es resulted inversely correlated with tacrolimus trough 
levels (P < 0.002), but not with mycophenolate mofetil, 
prednisone or the overall immunosuppressive dosing. 
In vitro tacrolimus concentrations > 6 ng/mL resulyed in 
inhibition of  BKV-specific T cell responses more than 
50%, while inhibition was less than 30% with tacrolimus 
concentration < 3 ng/mL. Cyclosporine A resulted in 
> 50% inhibition of  BKV-specific cellular responses at 
concentrations of  1920 ng/mL and less than 30% at con-
centrations below 960 ng/mL (corresponding to clinical 
C0 trough levels of  200 and 100 ng/nL, respectively). No 
inhibition of  BKV-specific T cell responses was observed 
for mycophenolate mofetil levels up to 8 µg/mL, lefluno-
mide 50 g/mL, or sirolimus concentrations of  64 ng/mL. 
Overall, the results obtained by Egli and colleagues[68] sug-
gested that calcinuerin-inhibitor concentrations are crucial 
for the development and/or recovery of  BKV-specific T 
cell responses. Therefore, reduction of  calcineurin inhibi-
tors should be considered as the first line of  intervention 
in the presence of  a presumptive diagnosis of  PVAN, 
whereas switching to mTOR inhibitors may represent an 
alternative or the second line of  intervention. These data 
should be confirmed in clinical trials.

TREATMENT
There is no approved and defined treatment for PVAN. 
The main line of  intervention is by reducing immmu-
nosuppression. Antiviral agents have been used, but no 

defined treatment is recommended and results are con-
teoversial. More recently, the use of  the immunomodu-
lant agent leflunomide, together with the reduction of  
immunosuppression has been proposed.

As the majority of  cases of  PVAN have been associ-
ated to triple immunosuppressive therapy including com-
binations of  calcineurin inhibitors (tacrolimus, cyclospo-
rine A), antiproliferative agents (mycophenolate mofetil, 
azathioprine) and corticosteroids, most of  recommended 
strategies includes decreasing, switching or stopping the 
ongoing treatment.

Immunosuppressive reduction
The recommended treatment of  PVAN by modification 
of  maintenance immunosuppression is summarized in 
Table 4[49]. Discontinuation of  mycophenolate mofetil or 
azathioprine and reduction of  immunosuppression by 
25%-50% were commonly used strategies[69]. Graft failure 
after immunosuppression reduction alone can be ob-
served in approximately 8% of  the patients[69]. Following 
reduction of  immunosuppression, biopsy-proven acute 
rejection has been observed in approximately 25% of  
patients[49]. These episodes of  rejection may be treated by 
steroid without recurrence of  PVAN[12,63]. 

Acute rejection and PVAN may coexist. In cases of  
concurrent biopsy-confirmed acute rejection and PVAN, 
a two-step approach of  anti-rejection treatment followed 
by the reduction of  immunosuppressive treatment has 
been adopted by several studies, that obtained the stabili-
zation or improvement of  allograft function[12,31,70,71]. 

The response to the immunosuppression reduction 
should be monitored by viruria and viremia evaluation 
every 2-4 wk[49]. Some studies evidenced clearance of  
viruria and viremia in most of  the patients, with clearance 
rates ranging from 7% to 80% for viruria and from 40% 
to 96% for viremia. However, based on creatininemia 
evaluation, renal function did not always improve with 
the reduction of  immunosuppression[72-74].

Immunosuppression reduction with antivirals
Antiviral agents, in particular cidofovir, have been investi-
gated in addition to the reduction of  immunosuppression 
for the management of  PVAN. However, results evi-
denced a scarce, if  any, significant effect in clearing viru-
ria or viremia[75-78]. Other studies reported clearance of  
viremia in 50% to 100% of  the cases[75,79-82]. The effect of  
cidofovir on renal function was variable, with some stud-
ies evidencing stabilization of  creatinine[79-81] and others 

Table 4  Recommended treatment of polyomavirus-associated nephropathy by reduction or switching of 
immunosuppression[49]

Switching Decreasing

Tacrolimus → Cyclosporine A (trough levels 100-150 ng/mL) Tacrolimus (trough levels < 6 ng/mL)
Mycophenolate mofetil → Azathioprine (dose ≤ 100 mg/d) Cyclosporine A (trough levels 100-150 ng/mL)
Tacrolimus → sirolimus (trough levels < 6 ng/mL) Mycophenolate mofetil dose ≤ 1 g/d
Mycophenolate mofetil → sirolimus (trough levels < 6 ng/mL) Cyclosporine A (trough levels 100-150 ng/mL)
Mycophenolate mofetil → leflunomide 
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showed no effect on renal function[75,77]. The pronounced 
nephrotoxicity limits the use of  cidofovir particularly 
in renal transplantation and an adequate hydratation is 
required. Vidarabine is used in the treatment of  BKV-
associated cystitis in bone marrow transplant recipients; 
its efficacy in nephritis is unknown[33]. 

Immunosuppression reduction with leflunomide
More recently, the use of  the immunomodulant agent 
leflunomide has been proposed for the treatment of  
patients with PVAN, in addition to the reduction of  im-
munosuppression. Leflunomide is an immunosuppressive 
agent, however its metabolite A77 1726 exhibits antiviral 
activity in vitro. Among the few studies that have evaluated 
the role of  leflunomide in treating PVAN, three reported 
results of  viral clearance with treatment[83-85] with signifi-
cant decreases in viremia and viruria with leflunomide 
alone or leflunomide plus cidofovir. Moreover, treatment 
with leflunomide stabilized or improved renal function in 
most of  the cases. 

Other interventions and retransplantation 
Among drugs having evidenced a polyomavirus-inhibito-
ry activity in vitro, beside cidofovir and leflunomide, there 
are certain quinolone antibiotics. Based on the results of  
a recent study, a 1-mo fluroquinolone course after trans-
plantation is associated with significantly lower rates of  
BK viremia at 1 year in comparison to patients with no 
fluoroquinolone, therefore suggesting the usefulness of  
these antibiotics at preventing viremia in kidney graft re-
cipients[86]. However, these results should be further con-
firmed by other studies, given the lack of  clinical trials. 

Amantadine has been used in the treatment of  PVAN 
with poor effect[33]. γ globulin has been used in order to 
augment the immune response, however the real efficacy 
is unknown[33]. 

Consideration of  retransplantation in the context of  
PVAN has become an increasingly relevant issue, with 
some unsolved questions regarding timing of  retrans-
plantation, i.e., preemptive vs after progression to renal 
failure. There is only limited experience about this in 
patients who have lost a previous graft due to PVAN. 
Retransplantation has been reported in a total of  21 
cases[87-90], four of  which were performed pre-emptively. 
All preemptive cases were performed with concomitant 
graft nephrectomy because of  the risk of  possible rein-
fection. Nevertheless, Cooper and colleagues[90] reported 
for the first time a successful preemptive retransplanta-
tion for PVAN in a patient without simultaneous graft 
nephrectomy. This cases evidenced that retransplantation 
could be pursued without nephrectomy for patients with 
PVAN provided the absence of  viral replication and an 
active surveillance protocol. The need for close monitor-
ing of  viral replication both in the immediate posttrans-
plantation setting (to minimize the risk of  development 
of  PVAN) and in the context of  graft failure (to indicate 
proper management and retransplant option) remains 
critical. 

CONCLUSION
In the past decade, PVAN has emerged as one of  the 
most relevant viral diseases occurring in renal transplan-
tation. Its increasing incidence has underlined the role 
played by immunosuppression in its pathogenesis. The 
major determining factors are now recognized as the oc-
currence of  uncontrolled viral replication and the failure 
of  immune surveillance. Therefore, since a preemptive 
reduction of  immunosuppression represents the mile 
stone for the treatment of  PVAN, virological and viro-
immunological monitoring are necessary and should be 
performed according to current recommendations. At 
moment, the reduction of  immunosuppression repre-
sents the first line of  intervention, however clinical con-
trolled trials are required to identify the best therapeutic 
strategies. A multidisciplinary approach is fundamental 
to optimize the clinical management of  renal transplant 
recipients and, despite of  the relevance of  consensus 
recommendations, these cannot substitute for clinical 
judgement and individualized care taking into account the 
different points of  view. 
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Abstract
Intestinal failure can be defined as the critical reduction 
of functional gut mass below the minimal amount nec-
essary for adequate digestion and absorption to satisfy 
body nutrient and fluid requirements in adults or chil-
dren. Short bowel syndrome (SBS) is characterized by 
a state of malabsorption following extensive resection 
of the small bowel. SBS may occur after resection of 
more than 50% and is certain after resection of more 
than 70% of the small intestine, or if less than 100 cm 
of small bowel is left. Several treatment modalities oth-
er than total parenteral nutrition, including hormones 
(recombinant human growth hormone, glucagon-like 
peptide-2) and tailoring surgeries (Bianchi procedure, 
serial transverse enteroplasty), had been proposed, 
however these were either experimental or inefficient. 
Small bowel transplant is a rather new approach for 
SBS. The once feared field of solid organ transplanta-
tion is nowadays becoming more and more popular, 
even in developing countries. This is partially secondary 
to the developments in immunosuppressive strategy. 
In this regard, alemtuzumab deserves special atten-
tion. There are more complex surgeries, such as mul-
tivisceral transplantation, for multi-organ involvement 
including small bowel. This latter technique is relatively 
new when compared to small bowel transplant, and is 
performed in certain centers worldwide. In this review, 

an attempt is made to give an insight into small bowel 
syndrome, small bowel transplantation, and related is-
sues.

© 2012 Baishideng. All rights reserved.

Key words: Short bowel syndrome; Small bowel trans-
plantation; Nutrition; Immunosuppression

Peer reviewer: Eleazar Chaib, PhD, Associate Professor of 
Surgery, Department of Gastroenterology, Liver Transplanta-
tion Surgery Unit, 455 Av. Dr. Arnaldo, 3rd floor, Room 3206, 
01246-903, Sao Paulo, Brazil

Yildiz BD. Where are we at with short bowel syndrome and 
small bowel transplant? World J Transplant 2012; 2(6): 95-103  
Available from: URL: http://www.wjgnet.com/2220-3230/full/
v2/i6/95.htm  DOI: http://dx.doi.org/10.5500/wjt.v2.i6.95

INTRODUCTION
Intestinal failure (IF) can be defined as the critical reduc-
tion of  functional gut mass below the minimal amount 
necessary for adequate digestion and absorption to satisfy 
body nutrient and fluid requirements in adults or chil-
dren. IF itself  is a general term used in combination with 
short bowel syndrome (SBS)[1]. SBS is characterized by a 
state of  malabsorption following extensive resection of  
the small bowel[2,3]. There is no exact current data regard-
ing the incidence and prevalence of  SBS. Data derived 
from patients receiving home parenteral nutrition (PN) 
indicate an incidence of  severe SBS of  1-2 cases per 
100 000 people per year[4]. 

Several conditions requiring intestinal resection lead 
to SBS in adults. In a reported series of  210 cases, these 
conditions included: 52 postoperative (25%), 51 irradia-
tion/cancer (24%), 46 mesenteric vascular disease (22%), 
34 Crohn’s disease (16%), and 27 other benign causes 
(13%)[5].

Where are we at with short bowel syndrome and small 
bowel transplant?
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Causes of  IF in children include: SBS, congenital dis-
eases of  enterocyte development, and severe motility dis-
orders (total or subtotal aganglionosis or chronic intestinal 
pseudo-obstruction syndrome) as shown in Table 1[6].

SBS may occur after resection of  more than 50% and 
is certain after resection of  more than 70% of  the small 
intestine, or if  less than 100 cm of  small bowel is left. It 
is particularly severe after resection of  the ileocecal region 
or if  the colon has been additionally removed. Function is 
not dependent on length alone, since 150 cm of  diseased 
bowel might function worse than 75 cm of  healthy intes-
tine. For this reason, some definitions of  SBS and IF have 
been based on measurements of  the functional capacity 
of  the remaining bowel. A 48-h nutritional balance study 
in patients dependent on home total PN (TPN) compared 
with patients who were not, demonstrated that IF could 
be predicted by an absorption rate below 1.4 kg/d of  wet 
weight and 84% of  the calculated basal metabolic rate 
(1171 kilocalories/d of  energy). It is important to note 
that nutritional balance studies are very difficult to per-
form accurately in practice, as they require the analysis of  
food portions and accurate stool collections[7-10]. 

After the insult on the gastrointestinal system, intes-
tines show an adaptation process. This intestinal adapta-
tion process in SBS has three phases. The acute phase 
starts directly after resection and generally lasts less than 
4 wk. This serves for the patient’s stabilization. The sec-
ond phase is the adaptation phase, which lasts 1-2 years 
and represents maximal stimulation of  intestinal adapta-
tion achieved by gradually increasing intestinal nutrient 
exposure. The last phase is the maintenance phase, which 
requires permanent individualized dietetic treatment[11].

SURGICAL THERAPY FOR SBS
A small number of  patients will acquire intestinal au-
tonomy (i.e., PN weaning) very slowly because of  major 
motility disorders or a small bowel without an ileocecal 
valve. In such patients, different surgical approaches have 
been proposed for increasing nutrient and fluid absorp-
tion by either slowing intestinal transit or increasing sur-
face area.

Although surgical procedures aimed at slowing intesti-
nal transit have been attempted and extensively reviewed, 
the clinical results are conflicting. Such procedures in-
clude intestinal valves, reversed intestinal segments, colon 
interposition, and electrical retrograde small bowel stimu-
lation[12]. 

For selected patients with dilated bowel segments, 
longitudinal intestinal lengthening and tailoring (Bianchi 
procedure) was first proposed in 1980. The Bianchi pro-
cedure has the advantage of  tapering the dilated segment 
and using the divided intestine to increase total small 
bowel length. Anatomic criteria have been suggested for 
patient selection for this procedure: (1) intestinal diameter 
> 3 cm; (2) length of  residual small bowel > 40 cm; and (3) 
length of  dilated bowel > 20 cm. This procedure allows 
improvement in more than 50% of  patients in terms of  

intestinal transit, stool frequency, intestinal absorption 
rate, weight gain, and PN weaning[13]. 

The Bianchi procedure does not create any additional 
surface area for absorption, but has been demonstrated 
to increase the function of  the remnant small bowel. 
Specific improvements have been shown in fat absorp-
tion, carbohydrate absorption, and the slowing of  transit 
time through the intestine in children at 4 centers. Out-
come is influenced by age and clinical status, especially 
liver status, of  the patient at the time of  surgery. It is yet 
not recommended to perform the Bianchi procedure in 
patients with severe liver disease or cirrhosis. However, 
this procedure may be successfully achieved after isolated 
liver transplantation for SBS[14]. 

A new procedure called serial transverse enteroplasty 
(STEP) was introduced in 2003 for infants and children 
with SBS. Experience with this procedure still remains 
too limited to make any confident recommendation[15,16]. 

A study comparing the outcomes of  Bianchi type 
longitudinal lengthening to STEP lengthening stated that 
surgical lengthening with both Bianchi and STEP pro-
cedures results in an improvement in enteral nutrition, 
reverses complications of  TPN, and avoids intestinal 
transplantation (ITx) in the majority, with few surgical 
complications. ITx can salvage most patients who later 
develop life-threatening complications or fail to wean 
TPN.

Surgical lengthening may therefore be useful in 
selected patients without complications of  portal hy-
pertension as a bridge to ITx, primarily in the youngest 
and jaundiced infants who are below 8 or 10 kg in body 
weight and unlikely to find an appropriate organ donor. 
Patients with advanced liver disease are poor candidates 
for lengthening and should instead be referred for ITx[17]. 

HORMONAL THERAPY FOR SBS
Recombinant human growth hormone (rhGH) was used 
in adult patients with SBS in both open and randomized 
clinical trials[18]. Scolapio et al[19] did not show benefits 
from the use of  rhGH in short bowel adult patients, 
whereas Seguy et al[20] recently showed a significant im-
provement of  the absorption rates, with a decrease in 
PN requirements of  adult patients with SBS. In another 
study, growth hormone administration (0.5 IU/kg per day 
or 0.024 mg/kg per day) alone for 8 wk had no effect on 
the absorptive capacity of  energy, protein, or fluid in 10 
patients[21]. The use of  rhGH treatment in adults remains 
controversial, whereas the incidence rate of  secondary ef-
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Table 1  Causes of intestinal failure in children

Atresia Necrotizing enterocolitis
Midgut volvulus Arterial thrombosis
Abdominal wall defects Venous Thrombosis
Gastrochisis Intussusception
Ompalocele Inflamatory bowel disease
Hirschsprung’s disease Post traumatic resection

Yildiz BD et al . Small bowel transplant



fects is high. To date, few studies have been reported in 
children with SBS[22-24]. An open-label clinical trial was per-
formed in infants who received 0.3 IU/kg per day rhGH 
for a 10 d period of  treatment[22]. A significant weight gain 
during treatment was reported, whereas no information 
was given about PN weaning. An open-label trial involv-
ing 8 PN-dependent children with neonatal SBS receiving 
> 50% of  their protein energy requirements from PN was 
also performed[23]. They received 0.6 IU/kg per day rhGH 
for 3 mo. All were weaned from PN during the treatment 
period. However, only 2 children remained free of  PN 
1 year later. More recently, PN-dependent children with 
neonatal SBS received 0.14 mg/kg per day and glutamine 
for 3 mo[24]. Preliminary results suggested a beneficial ef-
fect of  rhGH by decreasing the need for PN, but with 
mild effects on body composition and gut mucosa. More 
prolonged, and perhaps earlier, use of  rhGH in SBS in-
fants or children might be helpful for future management. 

Glucagon-like peptide-2 (GLP-2), a 33 amino acid 
peptide-encoded carboxy-terminal to the sequence of  
GLP-1 in the proglucagon gene, is produced by L cells 
in the ileum in response to luminal nutrients[25]. The ef-
fect of  GLP-2 on gastrointestinal function was assessed 
in patients without a terminal ileum or colon who had 
functional SBS with severe malabsorption and no post-
prandial secretion of  GLP-2[26]. Balance studies were per-
formed before and after treatment with GLP-2; 400 μg  
subcutaneously twice a day for 35 d. Treatment with 
GLP-2 improved the intestinal absorption of  energy and 
increased body weight. Thus, GLP-2 improves intestinal 
absorption and nutritional status in short-bowel patients 
with impaired postprandial GLP-2 secretion in whom 
the terminal ileum and the colon have been resected, 
based on the hypothesis that distal small bowel and cae-
cal resection would decrease GLP-2 levels and reduce 
adaptation[27]. GLP-2 might be the most logical medical 
approach for early management of  short bowel patients, 
especially those with ileal resection. Genetically engi-
neered GLP-2 analogs should be commercially available 
in the near future for clinical use.

ENTERAL NUTRITION IN SBS
Enteral nutrition is the most significant single factor in 
promoting intestinal adaptation, and may play a part in 
reducing the frequency of  IF-associated liver disease. De-
tailed evidence on the management of  SBS has recently 
been published[28]. Breast milk may be the best choice in 
the first few months, because of  the presence of  trophic 
factors such as epidermal growth factor. Amino acid 
based formulas may be beneficial in weaning children 
from PN, perhaps due to a smaller antigenic load[29].

Continuous nasogastric (NG) feeding initially, fol-
lowed by overnight NG feeding and bolus feeding dur-
ing the day, is recommended in order to utilize existing 
small bowel function and encourage oral feeding. Main-
taining a urinary sodium/potassium ratio of  at least 2:1 
with an absolute urinary sodium concentration of  over 

10-20 mmol/L is important in children with ongoing fluid 
and electrolyte losses[30].

Currently, insufficient evidence exists in the literature 
to support the routine use of  pectin, glutamine, growth 
hormone, insulin like growth factor 1, or Saccharomyces 
boulardii as trophic factors in the process of  adaptation[31].

PN IN SBS
The North American Home Parenteral and Enteral 
Nutrition patient registry indicates a 4-year survival on 
a home PN of  80% for SBS patients and 70% for motil-
ity disorders[32]. The quality of  life (QOL) of  home PN 
patients of  all ages is reported to not be significantly 
different from the scores in a reference population of  
healthy children and adolescents[33,34]. The main compli-
cations commonly associated with long term use of  PN 
are: (1) Central venous catheter (CVC) related infections; 
(2) Thrombosis of  the vessels leading to impaired venous 
access; and (3) IF-associated liver disease. 

Episodes of  line infection can cause a greater than 
30% rise in bilirubin level, and cholestasis may develop in 
90% of  infants after first line infection[35,36]. The reduc-
tion in the overall incidence of  CVC infection is crucial 
to sustained good health. Failure to prevent CVC infec-
tion greatly contributes to progression of  liver disease. 
Involvement of  a multidisciplinary nutritional care team 
and early discharge on home PN has been shown to re-
duce the incidence of  CVC infection[37,38]. 

The repeated episodes of  line infections with multiple 
surgical procedures to remove and replace new catheters 
may predispose to thrombosis of  the major vessels, lead-
ing to impaired venous access (defined as the loss of  two 
vascular sites in the neck to thrombosis)[39,40]. Despite 
meticulous care and aggressive strategies to prevent line 
infections, some children may develop end stage loss of  
venous access and need referral for ITx[41].

Pulmonary thromboembolism is another potentially 
fatal complication of  long term venous access, occurring 
in 39% of  children[42]. In asymptomatic children, yearly 
echocardiography and ventilation-perfusion scanning are 
recommended, unless there is clinical suspicion or the 
child is exhibiting symptoms suggestive of  pulmonary 
embolism.

TPN failure was defined by Medicare as any one of  
the following: (1) impending or overt liver failure (jaun-
dice, elevated liver enzymes, cirrhosis, portal hyperten-
sion); (2) thrombosis of  central veins (at least two); (3) 
frequent central-line sepsis (more than two per year, 
fungemia, shock, acute respiratory distress syndrome); 
and (4) frequent severe dehydration. Prospective analyses 
of  home TPN patients have shown that an ultra-short 
bowel of  less than 20-30 cm is associated with a high 
risk of  liver failure and poor survival in children and 
adults. Similarly, infants with total intestinal agangliosis 
or microvillus inclusion disease have low life expectancy. 
Transplantation in this situation has been termed “pre-
emptive”, and is being increasingly applied in the major 
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centers. “Preemptive” indications are (1) the high risk 
of  death attributable to the underlying disease resulting 
from desmoid tumors associated with familial adenoma-
tous polyposis; (2) congenital mucosal disorders such as 
microvillous inclusion disease; and (3) ultra-SBS with re-
sidual small intestine < 10 cm in infants and < 20 cm in 
adults[43]. 

SMALL BOWEL TRANSPLANTATION
The successful emergence of  small bowel transplantation 
as a curative alternative has provided many patients with 
bowel failure to have an improved QOL, better nutrition, 
and a reduction in PN-associated complications. Since 
the initial small bowel transplants first performed in 
the 1980s[44,45], there have been technical improvements, 
novel immunosuppressive agents, better understanding 
of  immune and gastrointestinal physiology, and increased 
clinical program experience. All of  these factors have 
contributed to a remarkable improvement in bowel trans-
plant, 1-year graft, and patient survival (estimated 80% 
and 80%, respectively), compared with only several years 
ago[46-48].

The spectrum of  underlying diseases causing SBS 
in patients who have been transplanted is extensive and 
variable between pediatric and adult populations (Table 2). 
Generally, nonmalignant conditions are the norm for re-
cipients, although occasional tumors such as desmoids[49] 
have been successfully treated with ITx.

Contraindications to small bowel transplantation in-
clude non-resectable or disseminated malignancy, unre-
constructable vascular anatomy, diseases that are likely to 
recur after transplantation, profound disabilities that will 
not be corrected by transplantation, a loss of  vascular 
access sufficient to allow transplantation, or an inability 
or unwillingness to comply with the post-transplant man-
agement plan (Table 3)[50]. 

Transplantation of  the intestine can be performed 
as an isolated graft or in combination with other ab-
dominal organs, since patients with IF often experience 
other complex abdominal pathologies that require organ 
replacement. As a result, there have been several variants 
of  intestinal transplants, all derivatives of  the “cluster” 
concept originally proposed by Starzl et al[51].

Isolated ITx is transplantation of  the small intestine 
with or without the large intestine, and is more common-
ly performed in adults, whereas combined liver-intestinal 
transplant (LITx), performed en bloc or separately, is more 
commonly performed in children. The latter scenario oc-
curs when there is concomitant liver failure (typically PN 
induced). With ITx, the entire jejunum and ileum is trans-
planted in the majority of  cases and, when taken from a 
living donor and in cases in which reduction of  the size 
of  the graft is required, a 200-cm segment[52] is usually 
transplanted. In this regard, it is important to match size 
because of  the need for closure of  the abdomen. There 
is maintenance of  as much native bowel as possible, 
particularly with recent data suggesting that increased 

residual or allograft bowel provides some protection 
from PN-associated injury. This is particularly relevant 
because there may be some supplementation of  trans-
planted patients with PN for a period of  time. When ITx 
is performed en bloc, the duodenum with a segment (or 
the entire pancreas) (Omaha technique) may be included 
to avoid the need for biliary reconstruction. Upper gas-
trointestinal continuity is maintained through the native 
stomach and pancreaticoduodenal complex, which are re-
tained. In LITx, intestinal transplant is combined with the 
liver. These organs are transplanted en bloc or separately. 
When the liver and intestine are transplanted separately, 
the two organs can be transplanted at the same session 
or sequentially from the same or a different donor. The 
great majority of  the donors for these two forms of  ITx 
are from cadaveric donors, although living donors are 
also an option[53].

Multivisceral transplantation (MVTx) is the removal 
and replacement of  both native foregut and midgut[54], in 
which the native abdominal viscera are resected and the 
composite graft, which includes the stomach, pancreati-
coduodenal complex, and small intestine, are transplanted 
en bloc and form the new gastrointestinal tract. The liver, 
kidneys, and large intestine of  the donor may or may not 
be included depending on the clinical scenario. Removal 
of  the native organs is facilitated by early dearterializa-
tion, achieved by mass clamping of  the celiac and supe-
rior mesenteric arteries. This can be achieved through 
a cephalad approach after division of  the esophagus or 
proximal stomach, or a caudal approach between the 
inferior surface of  the pancreas and left renal vein. Since 
2000, the use of  MVTx is increasing, and despite the fact 
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Table 2  Indications for bowel transplantation in children and 
adults

Children Adults

Gastroschisis Ischemia 
Volvulus Crohn’s disease 
Necrotizing enterocolitis Trauma
Pseudoobstruction Volvulus 
Intestinal atresia Motility disorders
Aganglionosis/Hirschsprung Desmoids 
Retransplant Retransplant 
Microvillous inclusion Miscellaneous 
Malabsorption Gardner’s syndrome
Tumors
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Table 3  Contraindications to small bowel transplant

Absolute contraindications
   Neurological disabilities
   Life threatening disease unrelated to the digestive system
   Non-resectable malignancy
Relative contraindications
   Severe immunological deficiencies
   Multi-system autoimmune diseases
   Inadequate vascular anatomy to warrant long term patency
   Prematurity with lung disease



that the donors for MVTx are exclusively cadaveric, the 
1-year graft and patient survival is at least as good as the 
other forms of  ITx. As of  mid-2005, an isolated intesti-
nal graft has been performed in 44% of  cases, an intes-
tine transplant in combination with the liver in 38%, and 
a multivisceral transplant in 18%[55]. 

The decision to use one form of  ITx vs another is 
typically determined by the individual patient’s particular 
needs (type of  underlying disorder, surgical history of  
the patient, type, and size of  the donor). The emergence 
of  promising data suggesting improved survival data 
and long-term sequelae, as well as possible immunologic 
advantage for MVTx, is allowing the clinical team more 
options as it determines which form of  transplantation 
should be recommended.

OUTCOMES OF LIVING DONOR ITx 
The technical aspects of  living donor intestinal transplan-
tation (LDIT) were standardized by Gruessner et al[56] in 
1997. The donor operation consists of  harvesting 200 
cm (150 cm for pediatric recipients) of  distal ileum, 
preserving at least 20 cm of  terminal ileum and ileoce-
cal valve. The vascular pedicle of  the graft is formed by 
the distal branches of  the superior mesenteric artery and 
vein, and is anastomosed to the infrarenal aorta and cava 
of  the recipient. LDIT has several potential advantages, 
such as elimination of  waiting time, the elective nature 
of  the procedure, better human leukocyte antigen (HLA) 
matching, and a short cold ischemia time. LDIT tends to 
performed with well HLA-matched grafts. The signifi-
cance of  HLA matching in ITx is still to be determined. 
In fact, experienced programs have obtained good out-
comes and low rates of  rejection with poorly-matched 
deceased ITx[57,58]. A significant risk of  antibody-mediated 
graft injury in settings of  positive cross-match has been 
demonstrated[59]. 

In normal physiologic conditions, a significant amount 
of  the energy produced in the enterocytes is used to 
maintain the integrity of  the mucosa. Obviously, during 
period of  ischemia, decreased energy production will af-
fect the mucosal resistance, leading to an increased chance 
for bacterial translocation and septic complications in the 
post-transplant period[60,61]. The direct correlation between 
the duration of  ischemia and the degree of  mucosal injury 
is well known[62]. As shown in animal models, the process 
of  mucosal damage starts even before organ harvesting, 
during the brain-dead state[63]. Irreversible damage has 
been seen after 5 h of  cold ischemia and the rate of  bac-
terial translocation increases significantly after 9 h[60]. A 
significant reduction of  ischemia time has been achieved 
in the settings of  LDIT.

NON-HEART BEATING DONOR 
INTESTINAL TRANSPLANT
Intestinal mucosa is sensitive to ischemic injury. When 
the intestinal graft is harvested from non-heart beating 

donors (NHBDs), the infectious-related mortality was 
higher and the absorptive function lower. Histological 
examination confirmed a higher grade of  ischemic injury 
in the NHBD grafts that correlated with the clinical data. 
An experimental study suggested that non-heart-beating 
donation may not be indicated for small bowel transplan-
tation[64]. 

IMMUNOSUPPRESSION IN ITx
Many therapies and combinations of  immunosuppres-
sion (IS) have been used for ITx, but what remain unde-
fined are the optimal IS regimens to achieve the required 
goals while preserving graft function and not predispos-
ing the recipient to increased infections or malignancy. 

Tacrolimus is a drug that allowed the development of  
a consistently successful intestinal transplant series and, 
to date, is the maintenance IS drug of  choice[65]. One of  
the most significant changes to occur with ITx is the near 
ubiquitous use of  induction IS therapy, with an estimated 
90% of  cases now using this as part of  the overall regi-
men. The most common induction IS agent is anti-IL2- 
receptor antibody therapy followed by anti-lymphocyte 
globulin and Campath-1[66,67]. Their use has been associ-
ated with a reduction in the incidence and severity of  re-
jection episodes, and an improvement of  survival results, 
which have allowed maintenance with lower levels of  ta-
crolimus. This latter issue has become important because 
there is now increasing evidence of  calcineurin-inhibitor 
toxicities in patients receiving non-renal transplants[68]. 
Conversion to non-calcineurin-inhibitor drugs (such as 
rapamycin), use of  steroid-sparing protocols, and a de-
termination as to which IS therapy best maintains graft 
acceptance still need explanation. 

COMPLICATIONS OF ITx
Besides general complications seen in small bowel surger-
ies (like anastomotic leaks), several common complica-
tions are worth mentioning in small bowel transplanta-
tion.

Acute cellular rejection
The diagnosis of  intestinal acute cellular rejection (ACR) 
requires close correlation of  clinical, endoscopic, and 
pathologic findings. The clinical symptoms of  intestinal 
ACR include fever, nausea, vomiting, increased stomal 
output, abdominal pain, and distension. In severe cases, 
acute rejection may manifest as septic shock, with meta-
bolic acidosis, hypotension, and adult respiratory distress 
syndrome, which likely results from loss of  mucosal 
integrity and bacterial translocation across the intestinal 
wall. 

The endoscopic appearances of  intestinal ACR range 
from edema and hyperemia in mild cases, to granular-
ity, loss of  the fine mucosal vascular pattern, diminished 
peristalsis, and mucosal ulceration in more severe cases. 
The final diagnosis depends on histologic analysis of  
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endoscopy-guided mucosal biopsy specimens. A grad-
ing system was used to retrospectively evaluate 3268 
small bowel allograft biopsies from 52 adult patients who 
underwent ITx between 1990 and 1999 at the Thomas 
E Starzl Transplant Institute, University of  Pittsburgh 
Medical Center (Table 4). 

The results demonstrated that a grade indicating 
a more severe rejection episode was associated with a 
greater probability of  an unfavorable outcome. Signifi-
cantly increased levels of  eosinophils with coexistent 
activated lymphocytes and crypt apoptosis suggest acute 
rejection. Peyer’s patches are commonly sampled in mu-
cosal biopsies, especially from the ileum. Although local-
ized Peyer’s patches without significant lymphoid activa-
tion do not indicate acute rejection, Peyer’s patches with 
lymphoid activation (characterized by lymphoid cells with 
open chromatin, diffuse infiltration into the surrounding 
mucosa, or mixtures with eosinophils and neutrophils) 
are frequently associated with acute rejection.

The significance of  lymphocytic cryptitis (increased 
numbers of  lymphocytes in the crypt epithelium) is un-
clear. Although cryptitis is present in some cases of  acute 
rejection, it is also observed in biopsy tissues without 
ACR. Because the distribution of  acute rejection may be 
patchy, multiple biopsies (three to five) are often required. 
Biopsies from either the ileum or the jejunum are suf-
ficient for histologic evaluation in most cases, although 
sampling from both the ileum and the jejunum may be 
required in some cases with ambiguous diagnoses. Most 
of  the histologically diagnosed mild-acute rejection epi-
sodes are treated with increased IS. Various pathologic 
conditions must be differentiated from acute rejection, 
the most common of  which include: nonspecific enteri-
tis, cytomegalovirus infection, Epstein-Barr virus (EBV) 
infection, and post-transplant lymphoproliferative disor-
der (PTLD)[69]. 

Graft vs host disease
Graft vs host disease (GVHD) has the highest occurrence 
after small intestine transplantation (5.6%)[70], followed by 
liver transplantation (1%-2%)[71,72], with the mortality rate 
of  solid organ transplant-associated acute GVHD rang-
ing from 30% to more than 75%[73-75]. The amount of  
lymphoid tissue in the small bowel is much higher com-
pared with other solid organ transplants, and this may 
explain the fact that the rate of  GVHD in the recipients 
of  small bowel transplants is increased (5.6%)[70]. Therapy 
consists mainly of  increasing IS, support of  hematopoi-
esis with cytokines, and discontinuation of  antibiotics or 

any drugs that might be myelosuppressive. However, it is 
difficult to determine whether this is effective, as mortal-
ity normally exceeds more than 75%. Approximately 86 
cases have been reported in the literature since 1987, and 
among them only 18 patients survived[74]. In 13 of  the 
survivors, IS had been increased, while in 5 other cases, 
IS had been withdrawn. It could be argued that reducing 
IS and allowing the patient’s immune system to have the 
opportunity to reject the engrafting donor lymphocytes, 
as well as helping the patient to respond to infections, 
could be an effective method of  treatment[75-77]. Any 
treatment is more likely to work if  it is begun before the 
onset of  severe pancytopenia.

PTLD 
The vast majority of  PTLDs are EBV driven and arise 
either as a consequence of  the reactivation of  latent 
infection or, more commonly, infection of  the host by 
latent virus from donor B cells[78]. The particularly high 
incidence of  PTLD reported after ITx is a consequence 
of  the high levels of  IS traditionally used to prevent 
GVHD and rejection, along with the fact that a large load 
of  donor lymphocytes is transplanted with the graft[79]. 
The gastrointestinal tract is frequently affected and it 
is important to distinguish between PTLD and other 
causes of  graft infiltration, including rejection. In situ hy-
bridization of  tumor tissue for EBV RNA is a quick and 
sensitive way of  confirming the diagnosis. It is crucial to 
distinguish PTLD from rejection because many patients 
will respond to a reduction in IS alone. If  this fails, sec-
ond-line treatment includes antivirals, chemotherapy, or 
interferon-α.

Experimental treatment using adoptive immunother-
apy with donor leukocytes or specific anti-EBV specific 
cytotoxic T lymphocytes may be effective in aggressive 
cases.

CONCLUSION
Despite advances in medicine and surgery, SBS still re-
mains a burden on the healthcare system and the econo-
my. Along with novel medical therapies, various surgical 
techniques had been developed to overcome the conse-
quences of  a short bowel. Some of  these approaches are 
still experimental, and the rest have limited success. 

This limited success lead to the invention of  ITx, 
which further branched into living donor ITx and MVTx. 
With the help of  novel immunosuppressive regimens, 
the outcomes of  ITx improved. The once feared field of  
solid organ transplantation is nowadays becoming more 
and more popular, even in developing countries, in the 
form of  living donor transplantation. 

In developing countries the cost of  maintenance ther-
apies for SBS and transferring patients for further treat-
ment to developed countries far exceeds the cost of  ITx 
performed on site. Thus ITx must be encouraged and 
take its place in abdominal organ transplantation depart-
ments worldwide.
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Table 4  Histological characteristics of acute rejection of in-
testinal graft

Mild > 6 apoptotic bodies/10 crypts, no mucosal 
ulceration, mild epithelial injury

Moderate Diffuse crypt epithelial injury, focal confluent 
apoptosis, intimal arteritis

Severe Mucosal ulceration, transmural arteritis
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Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/esps/. Authors are highly recom-
mended to consult the ONLINE INSTRUCTIONS TO AUTHORS 
(http://www.wjgnet.com/2220-3230/g_info_20100722180909.htm) 
before attempting to submit online. For assistance, authors encoun-
tering problems with the Online Submission System may send an 
email describing the problem to wjt@wjgnet.com, or by telephone: 
+86-10-85381892. If  you submit your manuscript online, do not 
make a postal contribution. Repeated online submission for the 
same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:
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Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJT, reviewers of  
accepted manuscripts will be announced by publishing the name, 
title/position and institution of  the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of  
Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2220-3230/g_info_20100725072755.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.
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Coding system
The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
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Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
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Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.
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The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2220-3230/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
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Frontier: http://www.wjgnet.com/2220-3230/g_info_20100725071
932.htm

Topic highlight: http://www.wjgnet.com/2220-3230/g_info_20100
725072121.htm

Observation: http://www.wjgnet.com/2220-3230/g_info_20100725
072232.htm

Guidelines for basic research: http://www.wjgnet.com/2220-3230/
g_info_20100725072344.htm

Guidelines for clinical practice: http://www.wjgnet.com/2220-323
0/g_info_20100725072543.htm

Review: http://www.wjgnet.com/2220-3230/g_info_201007250726
56.htm

Original articles: http://www.wjgnet.com/2220-3230/g_info_2010
0725072755.htm

Brief  articles: http://www.wjgnet.com/2220-3230/g_info_2010072
5072920.htm

Case report: http://www.wjgnet.com/2220-3230/g_info_20100725
073015.htm

Letters to the editor: http://www.wjgnet.com/2220-3230/
g_info_20100725073136.htm

Book reviews: http://www.wjgnet.com/2220-3230/g_info_2010072
5073214.htm

Guidelines: http://www.wjgnet.com/2220-3230/g_info_201007250
73300.htm

SUBMISSION OF THE REVISED MANU-
SCRIPTS AFTER ACCEPTED
Authors must revise their manuscript carefully according to the 
revision policies of  Baishideng Publishing Group Co., Limited. The 
revised version, along with the signed copyright transfer agreement, 
responses to the reviewers, and English language Grade B certificate 
(for non-native speakers of  English), should be submitted to the 
online system via the link contained in the e-mail sent by the editor. 
If  you have any questions about the revision, please send e-mail to 
esps@wjgnet.com..

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3230/g_info_20100725073726.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2220-3230/
g_info_20100725073445.htm.
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Links to documents related to the manuscript 
WJT will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.
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