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Abstract

Background: Despite the use of immunosuppressive drugs, recurrent and de novo inflammatory bowel dis-
ease (IBD) can develop after orthotopic liver transplantation (OLT). Cytomegalovirus (CMV) infection has 
been suggested to play a role in the pathogenesis of IBD. Aim of this study was to investigate the role of CMV 
infection on the development of IBD after OLT. 
Methods: All 84 patients transplanted in our center for primary sclerosing cholangitis (PSC) or autoimmune 
hepatitis (AIH) between May 1987 and June 2002 who survived the first year after transplantation were stud-
ied. Diagnosis of active CMV-infection was made using the pp65-antigenemia assay. 
Results: Thirty-one of 84 patients (37%) had IBD prior to OLT. Eighteen patients (21%) experienced IBD after 
OLT, either as flare up (n = 12) or de novo (n = 6), at a median of 1.4 years (range 0.3-6.3) after OLT. Forty-
eight percent of all patients experienced CMV infection after OLT, at a median of 27 days (range 8-193). CMV-
infection was primary in half. At 1, 3, and 5 years after OLT, active IBD free survival without CMV infection was 
91, 88, and 88 %, respectively. With CMV infection these figures were 93, 82, and 67 %.  De novo IBD was seen 
only in those who had experienced a CMV infection (p=0.02).
Conclusion: In patients transplanted for end-stage PSC or AIH, active IBD, especially de novo IBD, occurred 
more often in patients who experienced CMV-infection in the postoperative period. This finding supports a 
pathogenic role for CMV in the development of IBD.

Introduction

Recently, considerable interest on the role of cytomegalovirus (CMV) in inflammatory bowel 
disease (IBD) has been raised. CMV infection has been recognized as a cause of steroid 
resistant ulcerative colitis and may also play a role in the pathogenesis of IBD 1-5.

IBD is thought to result from inappropriate and ongoing activation of the mucosal immune 
system driven by the presence of normal luminal flora. The aberrant response is most likely 
facilitated by defects in both the barrier function of the intestinal epithelium and the mucosal 
immune system 1-3.  Cytomegalovirus (CMV) may exert its influence at both levels. 

CMV infection is one of the most frequent infectious complications after organ transplanta-
tion, and occurs either as a secondary infection in CMV seropositive patients, or as a primary 
infection in CMV seronegative patients receiving organs from seropositive donors.

End-stage primary sclerosing cholangitis (PSC) and autoimmune cirrhosis (AI) are well 
known indications for liver transplantation (OLT). Both diseases are associated with an in-
creased incidence of IBD 4-6. In the past it was anticipated that IBD would not recur after OLT 
because of the continued immunosuppression. However, we and others have shown that IBD 
does recur or develops de novo, that the course of disease may be more aggressive than 
before OLT, and that there is a relationship with the types of drugs used in the immunosup-
pressive regimens 12-16. 

The present study focuses on the possible role of CMV infection on development of an 
exacerbation or de novo IBD after OLT. Of particular interest was the group of patients that 
had not experienced IBD and CMV before OLT. 
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Methods
All adult patients with end-stage PSC or autoimmune cirrhosis, who were transplanted be-
tween May 1987 and July 1, 2002, were eligible for the present study. Patients who died 
within the first year after OLT, and patients with a pretransplant history of total colectomy 
were excluded. The starting date of 1987 was chosen in relation to the start of routine use of 
the CMV pp65-antigenemia assay (see below). End of study date was July 1, 2003, so the 
minimal follow-up per patient was one year. 

Data were collected from the medical records in our hospital. During the evaluation for 
OLT, as a rule, all PSC patients are screened for IBD by sigmoidoscopy or colonoscopy.

Data were collected on age, gender, diagnosis of liver disease, date(s) of transplantation, 
immunosuppressive regimen, and date of death. In addition data were collected on IBD and 
CMV infection.

IBD before OLT
Retrospective confirmation of a recorded diagnosis of IBD was based on findings at presen-
tation concerning symptoms, endoscopic and sometimes radiological investigations of the 
colon, and, in most cases, histology. Follow-up data on response to therapy, on exacerba-
tions and repeat endoscopies were helpful for confirmation or sometimes rejection of the 
diagnosis, when in doubt. 

IBD after OLT 
None of the patients with pretransplant IBD continued specific IBD therapy, mainly aminosali-
cylates, after OLT as the immunosuppression given to prevent rejection was considered to be 
sufficient for prevention of IBD activity. A diagnosis of recurrent or de novo IBD was based 
on symptoms, endoscopic findings, histology, and the exclusion of other possible causes for 
colitis such as enteropathogenic bacteria, Clostridium difficile toxins or active CMV infection. 
The following parameters concerning post-transplant IBD were collected: date of diagnosis 
(interval after OLT), type of IBD, exacerbation or de novo IBD, immunosuppressive regimen 
at diagnosis. 

CMV infection
The diagnosis of active CMV infection was made using the CMV pp65-antigenemia assay, 
as described by Van der Bij et al. 17 and reviewed by Chou 18 and by Ljungman and Griffiths 

19 during the Fourth International CMV Workshop (Paris, 1993). Briefly, peripheral blood 
leukocytes were isolated, cytocentrifuged and incubated with a mixture of monoclonal an-
tibodies directed against a 65-66 kD CMV antigen, followed by immunoperoxidase stain-
ing. The number of antigen-positive cells per 50.000 leukocytes was counted in duplicate. 
After OLT the antigenemia assay was performed at least once weekly for 2 months or until 
pp65-antigenemia became negative. At the same time IgM and IgG CMV antibodies were 
measured quantitatively by ELISA using late stage CMV-infected fibroblasts as antigens. CMV 
infections were defined as primary when seronegative recipients received a transplant from 
a seropositive donor, subsequently became positive in the pp65-antigenemia assay and 
developed an anti-CMV IgM and subsequent IgG response. CMV infections were defined 
as secondary when seropositive recipients developed a positive pp65-antigenemia, irrespec-
tive of their serological response. Data collected on CMV were recipient and donor CMV 
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serostatus; beginning (days after OLT), top (days after OLT and height of pp65 antigenemia), 
and end (days after OLT) of pp65 antigenemia; presence of seroconversion in seronegative 
recipients.

Immunohistochemistry. 
Tissue sections of colonic mucosa of 12 of the 18 patients who experienced IBD after OLT 
were available for retrospective immunohistochemical analysis on the presence of CMV. 
Formalin-fixed, paraffin-embedded tissues were sectioned at 3 µm. Deparaffinization and 
rehydration were performed using xylene and alcohol. The slides were submitted to micro-
wave antigen retrieval for pretreatment (0.1 mM Tris-HCL buffer; pH 9.5). Incubation of the 
slides was performed with NexEs IHC Staining Module (Ventana Laboratories, Inc., Tucson, 
Arizona, USA). The primary antibody used was mouse monoclonal antibody against hu-
man cytomegalovirus immediate early antigen (Anti Cytomegalovirus I.E.A., 360 µg/0.5 ml, 
Argene, Biosoft, Varilhes, France), diluted 1:40. Slides were incubated for 30 minutes. The 
antibodies were detected with the avidin-streptavidine method (Iview DAB detection system 
(Ventana)). 

The slides were counterstained with hematoxylin. The slides were examined by the patholo-
gist (A.K.) without knowledge of the CMV status of the patients.

Statistical analysis. 
The Kaplan-Meier method was used for survival analysis. All data were analysed using the 
Statistical Package for Social Sciences 11.0 (SPSS Inc.). A two-tailed p-value below or equal 
to 0.05 was considered to indicate statistical significance.

Ethical statement. 
Informed consent was obtained from all patients. The local ethics committee approved the 
study. 

Table 1: Pretransplant characteristics

All patients
N=84

PSC
N=55

AI
N=29

Age, years (median, range) 38 (16-66) 38 (16-66) 27 (18-58)

Gender, female/male 36/48 (43%/57%) 18/37 (33%/67%) 18/11 (62%/38%)

Diagnosis of liver  disease
-PSC
-AI- cirrhosis

55 (65%)
29 (35%)

55
29

Inflammatory Bowel Disease
-no of pts with IBD
-UC/indeterminate/Crohn’s disease

31 (37%)
25/4/2

28 (51%)
22/4/2

3 (10%)
3/0/0

Cytomegalovirus seropositivity (%)
-IBD patients
-non-IBD patients

12/31 (39%)
17/53 (32%)

10/28 (36%)
 9/27  (33%)

2/3 (67%)
8/26 (31%)

PSC, primary sclerosing cholangitis; AI, autoimmune hepatitis; OLT, orthotopic liver transplantation; IBD, inflammatory 
bowel disease; UC, ulcerative colitis.
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Results

The study group consisted of 84 patients (36 female) with a median age at time of OLT of 38 
years (range 16-66). Median follow up after OLT was 6.4 years (range 1.0-16.1).

The pretransplant characteristics are listed in Table 1. Fifty-five patients had a pretransplant 
diagnosis of PSC and 29 patients had AI- cirrhosis. A gender difference was noted in that 
two thirds of the PSC patients were male, whereas two thirds of the AI patients were female. 
Median month and year of transplantation was May 1996.

Prior to OLT, IBD had been diagnosed in 31 (37%) of the 84 patients (51% of the PSC 
patients and 10% of the AI patients). The diagnosis was UC in 25 patients, indeterminate 
colitis in 4 patients, and Crohn’s disease in 2 patients. All patients were symptomatic (mostly 
diarrhea) at time of diagnosis, except 2 patients in whom the diagnosis was made during the 
work-up for liver transplantation. At time of OLT, 71% of the patients with IBD used mesala-
zine and 3% oral corticosteroids.

Maintenance immunosuppressive regimens after OLT are listed in Table 2.
Eighteen patients (21%) experienced episodes of active IBD after OLT, either as flare-up 

(12 patients) or as de novo IBD (6 patients). 
The cumulative risk (with standard error in brackets) for development of IBD after OLT 

was 8 (3), 15 (4), 23 (5), and 26 (5) % at 1, 3, 5, and 10 years after OLT, respectively. The 
interval after OLT was median 1.4 years (range 0.3-6.3). The IBD type in the 6 patients with 
de novo IBD was UC in 3 patients, indeterminate colitis in 2 patients, and Crohn’s disease 
in 1 patient.

Table 2: Characteristics after transplantation

Immunosuppressive regimens at one year after OLT 

- cyclosporine, prednisolone, azathioprine

- tacrolimus, prednisolone

- tacrolimus, prednisolone, azathioprine or mycophenolate mofetil

- miscellaneous

No of pts

49

21

 9

 5

Inflammatory Bowel Disease

- active IBD after OLT, no of pts

-- flare-up (no of pts, % of preOLT IBD pts)

-- de novo (no of pts, % of preOLT non-IBD pts)

18

12 (39%)

  6 (11%)

Cytomegalovirus data

- recipient-donor CMV serology combinations (no of pts)

-- negative - positive

-- positive - negative or positive or unknown

-- negative – negative

- CMV antigenemia after OLT

-- present vs absent (no of pts)

-- primary vs secondary infection (no of pts)

-- maximum CMV antigenemia 

(median, range, positive cells per 50.000 leukocytes)

20

29 (15 + 7 + 7)

35

40 vs 44

20 vs 20

8 (5-707) 

OLT, orthotopic liver transplantation; IBD, inflammatory bowel disease; CMV, cytomegalovirus.
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Data on recipient and donor CMV status and CMV antigenemia are listed in Table 2. Forty 
of the 84 patients (48%) experienced a CMV infection after OLT. In half of the patients it was 
a primary infection. CMV antigenemia became detectable a median 27 days (range 8-193) 
after OLT with a median duration of 27 days (range 4-169). 

The interval between end date of posttransplant CMV antigenemia and starting date of 
active IBD after OLT was median 2.8 years (range 0.1-6.2) (n = 13 patients).

CMV and post-transplant active IBD 
Survival analysis showed that active IBD free survival after OLT was significantly higher in 
the 44 patients without CMV infection compared to the 40 patients with CMV infection 
(p=0.0518). At 1, 3, 5, and 7 years after OLT, active IBD free survival without CMV infection 
(with standard error in brackets) was 91 (4), 88 (5),  88 (5), 88(5) %, respectively. With CMV 
infection these figures were 93 (4), 82 (6), 67 (8), 63(9) %, respectively (Figure 1). 

In patients with pretransplant IBD an exacerbation was seen more often in those who ex-
perienced a CMV infection postoperatively compared to those without CMV infection, which 
results in lower IBD free survival rates for the patients with CMV infection. However the differ-
ence was not statistically different (Figure 2a, p= 0.5654). The CMV infection was primary in 
7 of the 15 patients with pre-existent IBD and CMV after transplantation.

De novo IBD only developed in patients who experienced a CMV infection, and none of 
the patients without CMV infection developed de novo IBD, which results in a statistically sig-
nificant lower IBD free survival rates in patients with CMV infection (Figure 2b, p=0.0158). 
One, 3, 5, and 7 years IBD free survival rates (with standard error in brackets) in this group 
with CMV infection were 100, 92 (6), 78 (9), and 72 (10) %, respectively. The CMV infection 
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Figure 1: Active IBD-free survival of patients with and without a positive CMV antigenemia after liver transplantation.



IBD after OLT: a role for CMV infection 101

No of patients
16        12           8            8           6            6           5            3            2 2            1
15        12          10           8           6            4           4            3            3  3           3

CMV antigenemia

years after OLT

100 1 2 3 4 5 6 7 8 9

%
 A

ct
iv

e
IB

D 
fre

e
su

rv
iv

al
100

90

80

70

60

50

40

30

20

10

0

absent

present

 Figure 2a: Active IBD-free survival of patients with pre-transplant IBD, with and without a positive CMV antigenemia after 
liver transplantation. 

No of patients
28        28        23          19          17         16          15          15         14           10  7
25        25        23          21          19         15          15          11          11            9           5

CMV antigenemia

years after OLT

100 1 2 3 4 5 6 7 8 9

%
 D

e 
no

vo
IB

D 
fre

e
su

rv
iv

al

100

90

80

70

60

50

40

30

20

10

0

absent

present

Figure 2b: Active IBD-free survival of patients without pre-transplant IBD, with and without a positive CMV antigenemia after 
liver transplantation.



102 Chapter 6

was primary in 13 of the 25 patients.
With respect to active IBD after OLT we could not find a relation with duration or height of 

CMV antigenemia, nor with primary versus secondary CMV infection.

Immunohistochemistry
Tissue sections of colonic mucosa of 12 of the 18 patients who experienced IBD after OLT 
were available for retrospective immunohistochemical analysis for the presence of CMV. In 
one patient, who had experienced a primary CMV infection one month after OLT, immuno-
histochemistry showed a few positive cells within the inflammatory infiltrate. In this patient, 
known with a pre-transplant history of IBD, diarrhoea started 5 months after OLT during a 
documented absence of CMV antigenemia. Several weeks later, CMV antigenemia was just 
above the detection level (< 1 positive cell per 50.000 cells). There were no signs of CMV 
disease otherwise. Biopsy specimens of the other patients all tested negative for CMV.

Discussion

Several studies have shown that IBD may recur or develop de novo after OLT. The present 
study in patients transplanted for end-stage PSC or AI cirrhosis, shows that posttransplant 
CMV infection might play a role. Overall IBD was seen more often in patients who experi-
enced CMV infection in the post-operative period. The effect was statistically significant in 
patients without pretransplant IBD. De novo IBD developed only in patients with posttrans-
plant CMV infection. No difference was found for secondary or primary CMV infection. To 
our knowledge, this relationship between post-transplant CMV-infection and IBD has not 
been described previously. A possible relationship between CMV-infection and IBD in general 
has been reported in the literature. CMV infection is mentioned as either being an innocent 
bystander or epiphenomenon 20, as an exacerbating factor leading to therapy-resistant IBD 
3,5,21-24, or as a pathogenic factor contributing to the risk for IBD in genetically susceptible 
individuals 4,16,25. Our study supports the last option.

CMV colitis is part of the clinical spectrum of CMV disease, but is a different entity than 
IBD. CMV infection, defined as positive antigenemia, preceded the first episode of IBD after 
OLT. CMV infection developed a median 27 days after OLT, the first episode of IBD devel-
oped a median 1.4 years after OLT.  It may be derived from our study that IBD after OLT 
can occur (in part) as a late effect of CMV infection. Interestingly, prior CMV infection has 
also been shown to be a risk factor for other diseases, such as accelerated coronary ath-
erosclerosis after heart transplantation, restenosis after atherectomy, and chronic transplant 
dysfunction 26-31. 

In general, a primary CMV infection, which is most often acquired already early in life, is 
overcome by a humoral and cellular immunological response. Thereafter the virus enters a 
stage of latency, especially in endothelial cells and monocytes. Reactivation occurs during a 
state of decreased immunity for example by the use of immunosuppressive drugs. The viral 
load is highest during active infection and lowest during the latency stage in immunocom-
petent persons. 

Several observations have been made during active CMV infections, which may explain 
a subsequent increased chance for IBD. First, during CMV infection an increase in intestinal 
permeability has been shown to occur in kidney transplant recipients 32. This defect in the 
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barrier function will facilitate exposure of the mucosal immune system to antigens from the 
luminal flora. Second, vascular cell adhesion molecule-1 (VCAM-1) is induced during CMV 
infection as has been shown in vascular structures of heart allografts 28,33. This would facili-
tate adhesion of leukocytes to the endothelial lining and could play a role in the process 
of endothelialitis. Damage of the endothelium has also been shown by the appearance of 
large cytomegalic endothelial cells in the circulation of bone marrow and kidney transplant 
patients during CMV infection 34,35. These findings may help explain the relation between 
CMV infection and accelerated coronary atherosclerosis after heart transplantation, reste-
nosis after atherectomy, and chronic transplant dysfunction 26-31. Also in the pathogenesis of 
IBD, especially of Crohn’s disease, vascular changes are thought to play a role. Some form 
of vasculitis followed by microcirculatory disturbances of the mucosa has been shown to 
occur 36,37. CMV infection with subsequent endothelialitis and clogging of circulating large 
cytomegalic endothelial cells may induce damage of the microcirculation of the colon.  

Furthermore it is thought that the abnormal immune response in IBD may be due to an in-
appropriate secretion of pro-inflammatory cytokines such as interleukins, and tumor necrosis 
factor alpha. CMV infected endothelial cells can stimulate T cells to produce Interleukine-2 
(IL-2) and to proliferate 38. Recently it was shown that the proinflammatory cytokine IL-6 was 
increased in intestinal tissue from IBD patients in which CMV was detectable by in situ hybri-
disation 25. Actually these patients were using high dosage corticosteroids. It was made likely 
that IL-6 was produced by the CMV-infected inflammatory cells in the mucosa. The tissue 
sections of our patients with IBD were, all but one, negative for CMV as measured by im-
munohistochemistry. However, as the viral load in our immunosuppressed transplant patients 
is most likely increased as compared to immunocompetent patients IL-6 production may well 
be locally increased and thereby trigger the development of IBD. This deserves further study.

In a previous paper 12 we found that the use of tacrolimus is a risk factor for the develop-
ment of ulcerative colitis after OLT. This finding was confirmed in the present study group 
(data not shown). Present numbers are too small for analysis, but it might be that CMV-anti-
genemia and later CMV viral load in the colonic mucosa, are higher under tacrolimus.  

Finally, a possible pathogenic role for CMV-induced upregulation of MHC class I surface 
antigen has been suggested 4,21. This upregulation would contribute to IBD pathogenesis. 

In conclusion, our study showed that IBD, especially de novo IBD, in patients transplanted 
for end-stage PSC or autoimmune cirrhosis, occurred more often in patients who experi-
enced a CMV infection in the postoperative period. The finding supports a pathogenic role 
for CMV in IBD.
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