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Abstract

Background
Previously, we described that an immunosuppressive regimen based on cyclosporine 
A (CsA) is associated with fibrosis in 1-year liver biopsy specimens in 30% of pediatric 
patients after liver transplantation (LTx). 

Aim 
To determine whether a tacrolimus (TAC)–based immunosuppressive regimen induc-
es a similar prevalence of fibrosis. 

Patients and methods 
Patients who received a TAC–based immunosuppressive regimen and underwent trans-
plantation between 1999 and 2006 (n=77) were included in the study. One year after 
LTx, a protocol biopsy specimen was available in 74/77 patients. 

Results
Compared with our earlier study with a CsA-based immunosuppressive regimen, the 
prevalence of fibrosis was similar (CsA 31%, TAC 35%; not significant). We found four 
major histopathological categories in the biopsy specimens: 1. normal findings (n = 
23; 31%), 2. reactive changes (n= 7; 10%), 3. portal fibrosis (n= 26; 35 %) and 4. hepati-
tis (n= 16; 22%). We observed histological hepatitis more frequently in patients who 
received TAC (23%) compared with CsA (CsA 1%; p< 0.001). This histological hepatitis 
was predominantly graded as mild (“mild” in 12/16, 75%; “moderate” in 4/16, 25%) 
and was not associated with elevated liver enzymes. Evidence of active viral infection 
was more frequent in patients with hepatitis, 12 (75%) had a positive EBV PCR, posi-
tive CMV �gM antibodies or both, in contrast to 20/58 (34%) of the patients without a 
histological hepatitis (p=0.008). But nevertheless in situ hybridization with EBV en-
coded RNA (EBER) of liver biopsy specimens was negative in all hepatitis cases. 

Conclusions
The prevalence of graft fibrosis 1 year after pediatric LTx is similar in a CsA- or a TAC-
based immunosuppressive regimen (~30%), but TAC is specifically associated with 
a high prevalence of mild histological hepatitis. Our results indicate that neither 
over- nor under-immunosuppression is a major contributor to the high prevalence 
of graft fibrosis at 1 year post-transplantation. 

Abbreviations
LTx: liver transplantation
TAC: tacrolimus
CsA: Cyclosporin A 
D/R: donor/recipient
CMV: Cytomegalovirus 
EBV: Epstein Barr virus 

EBER: EBV encoded RNA 
ANA: anti nuclear antibodies
SMA: anti smooth muscle antibodies
LKM: anti-liver-kidney microsomial 
antibodies
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Introduction 

Liver transplantation (LTx) has evolved into standard treatment for children with 
end-stage liver disease. Patient survival has steadily improved with survival above 
80% at 10 years after LTx.1 However, we and others have reported a high prevalence 
of abnormal histopathological findings in protocol biopsy specimens of long-term 
survivors after pediatric LTx.2-4 The etiology and clinical significance of these histo-
logical abnormalities are as yet undetermined. The histological abnormalities in-
clude fibrosis and chronic hepatitis, with possible negative consequences for the 
graft function on the longer term. We have reported fibrosis in 31% in 1-year biopsy 
specimens increasing to 69% in 10-year biopsy specimens in patients who received a 
Cyclosporine A (CsA)-based immunosuppression regimen.2;5 We found that fibrosis 1 
year after LTx was strongly related to transplant associated factors such as prolonged 
cold ischemia time and biliary complications. Ten years after LTx fibrosis was still 
related to transplant associated factors such as prolonged cold ischemia time, young 
age at the time of LTx and the use of partial grafts. �n a sub-group of patients CsA was 
withdrawn 2 years after LTx,6 but fibrosis in 10-years biopsy specimens was not relat-
ed to the used immunosuppressive regimen. Evans et al 3 reported that fibrosis was 
associated with chronic hepatitis in a cohort of patients who received a CsA-based 
immunosuppressive regimen. The authors suggested that fibrosis was the result of 
a hepatic form of chronic rejection. �f (part of) the fibrosis was indeed due to under-
immunosuppression, it may be expected that the introduction of tacrolimus (TAC) 
-based immunosuppressive regimens decreases the percentage of transplant-related 
fibrosis. TAC has a stronger immunosuppressive effect compared with CsA, and is 
associated with less rejection.7 Moreover CsA but not TAC has been implied in in-
duction of hepatic TGFβ1 expression,8 the main fibrogenic cytokine in chronic liver 
disease.9 To test our hypothesis that a specific immunosuppressive regimen affects 
the development of fibrosis after pediatric LTx we evaluated 1-year graft histology in 
patients receiving a TAC-based immunosuppressive regimen. We compared our find-
ings with the result from our previous study,5 that described 1-year graft histology 
in patients, who were treated with a CsA-based regimen.
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Patients and methods

103 children underwent 130 liver transplantations between 1999 and 2006. We in-
cluded all children transplanted in this time span, who had a follow-up of at least 
1 year after LTx and who received a TAC-based immunosuppressive regimen (n=79). 
Two patients were switched to CsA within the first year after LTx because of severe 
side effects of TAC. These patients were not included in the analysis. All transplant 
patients were evaluated at our centre using a protocol based clinical evaluation at 1 
year post LTx. The protocol comprised clinical assessment, biochemical and serologi-
cal screening and a liver biopsy. The biopsy was performed in 74/77 patients at 1 year 
post LTx. The primary liver disease of these 74 included patients and the 84 patients 
from our previous study (who underwent transplantation in the period between 
1984 and 1996) are shown in Table 1.
All liver biopsies were performed with a 16-gauge Menghini biopsy needle, fixed 
in 4% buffered formalin and embedded in paraffin. Slides were stained with hae-
matoxylin-eosin, Masson’s thrichrome, PAS after diastase digestion, reticulin, Perl’s 
iron staining and rhodanine copper staining. Biopsy specimens were evaluated by 
the same pathologist (A.S.H.G.). Blood samples were taken concurrently with the 
liver biopsy, for biochemical liver tests to correlate with histopathological findings 

Table 1. Primary liver disease of patients who underwent liver transplantation at a pediatric age.

Primary diagnosis patients TAC  (n=74)
N(%)

CsA (n=84)
N(%)

Biliary Atresia 
Metabolic disease 
         Tyrosinemia 
          α1 antitrypsin deficiency
          Wilson disease
          Hyperoxalosis
          Cystic Fibrosis
          Other
Other cholestatic disease 
        PFIC  (n=2)
        Alagille (n= 4)
        Non syndromatic paucity of bile ducts (n=3)
        Other (n=2)
Fulminant Liver Failure
Auto immune disease
        Auto immune hepatitis (n=2)
        Primary Sclerosing Cholangitis (n=1)
Other 

41(55%)
6(8%)

2
2
-
-
2
-

11(15%)
2
4
3
2

7(9%)
3(4%)

2
1

6(8%)

42(50%)
22(26%)

9
4
3
3
-
3

4(5%)
2
-
-
2

6(7%)
6(7%)

4
2

4(5%)

TAC: study group, patients who used a tacrolimus based immunosuppression 
CsA:  history control group, data on the Cyclosporine A treated patients were obtained from our 
previous study (5).
PFIC = progressive familial intrahepatic liver disease
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and serological testing for cytomegalovirus, Epstein-Barr virus, and hepatitis B and 
C virus. A quantitative EBV PCR was performed, considered positive when levels ex-
ceeded 2000 copies/ml whole blood. A positive CMV �gM serology was considered 
indicative of an active CMV infection. 
�mmunosuppressive medication after LTx consisted of TAC (trough levels of 10-15 
µg/l during the first three months post LTx, and levels of 5-10 µg/l after this period) 
and prednisolone (initially 1 mg/kg/day, subsequently tapered to a dose of 0.1 mg/
kg/day on alternate days at 3 months). Rejection therapy after LTx consisted of in-
travenous bolus injections of methylprednisolone of 20 mg/kg/day for three con-
secutive days. From 2002 basiliximab was given as induction therapy, at day 0 and 
day 4 post-LTx. �n 15 patients with a compromised kidney function, mycophenolate 
mofetil was added as a calcineurin sparing immunosuppressant. To identify risk 
factors for histological abnormalities, potential contributing factors in donor and 
recipient and parameters from the transplantation procedure and follow-up were 
analyzed. �n our previous studies 5;10 the following parameters were correlated with 
fibrosis: cold ischemia time, recipient age at time of the transplantation, donor/
recipient age ratio, graft type, biliary complications, occurrence of acute rejection 
and cytomegalovirus status of the recipient. Table 2 shows the demographic data 
of the included patients as well as the ones from our previous study who received a 
CsA-based immunosuppressive regimen.5

Table 2. Demographic data of patients who underwent liver transplantation at a pediatric age.

TAC (n=74) CsA (n=84)

Age(yrs) 4.1(0.2–17) 3.2(0.1–16.8)
Weight(kg) 17.0(5–70) 14.0(3.5–65)
Gender 
     Male
     Female 
Graft type
     Full size graft
     Partial size graft
Cold ischemia time(hr) 
Anhepatic phase(min)
Operation time(hr)
Acute rejection          

38(51%)
36(49%)

37(50%)
37(50%)

8.7(1–15)*
81(41–247)

9.3(4.4–14)*
22(30%)

41(48%)
43(52%)

39(47%)
4(53%)

11(3.3–19)*
94(40–241)
6(4–11.6)*

33(39%)

Median (range), N (%)
* p<0.05
TAC studygroup, patients who used a tacrolimus based immunosuppression 
CsA:  history control group, data on the Cyclosporine A treated patients were obtained from our 
previous study (5).
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Statist ical  analysis
Data were analyzed using SPSS version 16 software. Continuous variables are pre-
sented as median with the range and categorical variables as number with percent-
ages. Continuous variables were compared using nonparametric tests, or with Stu-
dents t test if data were normally distributed. Categorical variables were compared 
using the Pearson’s chi-squared test or the Fisher’s exact test if the suspected cell 
frequency was less than 5. P < 0.05 was considered statistically significant. 

Results

We identified four major histopathological categories in the reviewed biopsy speci-
mens. Three categories were similar to our previous study.5 The first category 
showed normal histological features, and was found in 23 biopsy specimens (31%). 
The second category, 7 (9%) biopsy specimens, showed reactive changes, minimal 
amounts of predominantly lymphocytic inflammatory cells in a few portal tracts 
without bile duct damage or endothelialitis. The third category, 26 (35%) biopsy 
specimens, showed variable degrees of portal fibrosis. The severity of fibrosis was 
graded using a three point scale: 1. mild fibrosis: portal fibrosis without bridging, 
2.moderate fibrosis: portal fibrosis with occasional bridging, and 3. severe fibro-
sis/cirrhosis: diffuse bridging.11 �n 18 of the 26 (69%) biopsy specimens the fibrosis 
could be graded as “mild”; and in 8 (31%) as “moderate”. The fourth category, 16 
(22%) biopsy specimens, showed histological hepatitis; portal and lobular inflam-
mation without signs of biliary pathology. �nflammation was graded according to 
the METAV�R activity criteria.12 Twelve of the 16 biopsy specimens (75%) were grad-
ed as mild hepatitis, 6 (25%) as moderate hepatitis. Miscellaneous findings were 
found in 2 biopsy specimens: one biopsy showed signs of acute rejection grade 1 
according to the Banff classification,13 and another showed microvesicular steatosis. 
Figure 1 shows the major histopathological findings of patients who received TAC-
based immunosuppressive regimen compared with our previous study of patients 
who received CsA. The number of biopsy specimens with normal findings and the 
number with fibrosis were similar in the two groups. �n patients on a TAC-based im-
munosuppressive regimen, the prevalence of biopsy specimens with minimal reac-
tive changes was lower than in patients with CsA [7/74 (9%) versus 21/84 (25%) respec-
tively, p = 0.007]. On the other hand, we found a higher prevalence of histological 
hepatitis in the patients receiving TAC compared with those on CsA [16/74 (22%) and 
1/ 84 (1%) respectively, p<0.001]. 

Fibrosis
The prevalence of fibrosis was similar in biopsy specimens in the TAC and the CsA 
group: 26/74 (35%), versus 26/84 (31%) respectively. Fibrosis tended to be more severe 
in the patients with CsA than with TAC, but these differences were not significant, 
grade 1: 11/26 (42%) versus 18/26 (69%); grade 2: 14/26 (54%) versus 8/26 (31%); and 
grade 3: 1/26 (4%) versus none. Patients with fibrosis had similar liver biochemical 
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Major histological categories
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Figure 1. Histological 
analysis of protocol 1-year 
biopsy specimens after liver 
transplantation in the study 
group with a tacrolimus based 
immunosuppressive regimen 
(TAC: n= 74) compared with 
the results from our previous 
study in patients treated with 
Cyclosporin A (CsA, n= 84). 
Four major histopathological 
categories were found in the 
biopsy specimens: 1. normal 
(normal findings,) 2. reactive 
(minor reactive changes), 
3. fibrosis, 4. hepatitis and 
miscellaneous findings.  

Table 3. Results of univariate analysis of risk factors for histopathological fibrosis in protocol 
biopsies at 1 year after liver transplantation of TAC-treated patients. 

Normal Findings
 (n=23)

Fibrosis 
(n=26)

Age recipient (yr)
Age donor (yr)
D/R age ratio
Cold Ischemia Time (hr)
Type Graft
  Full size graft
  Reduced/split graft 
Biliary Reconstruction
  Roux-Y
  Duct-duct
Biliary complications
  No 
  Yes 
Rejection 
  No 
  Yes
CMV status recipient
  Positive
  Negative

TAC trough levels at 1 yr (ng/ml)
Basiliximab
  Yes 
   No

6.3(0.2-16.7)
15.5(1-60)

2.7(0.3-60)
7.5(4-15)

14(60%)
9(40%)

18(78%)
5(22%)

20(87%)
3(13%)

19(82%)
4(18%)

15(33%)
30(67%)

7.5(4.5-15.1)

17(74%)
6(26%)

3.0(0.7-17.0)
18.5(1-54)

3.3(0.4-36)
8.5(2.1-12.9)

11(42%)
15(58%)

23(88%)
3(12%)

19(74%)
7(26%)

18(69%)
8(31%)

13(46%)
15(54%)

8.0(4.3-17.0)

16(62%)
10(38 %)

All associations were statistically not significant. Abbreviations: D = donor, R = recipient,  
TAC = tacrolimus
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tests if compared with patients without abnormalities. Table 3 shows the results of 
the univariate analysis of risk factors for fibrosis. Fibrosis tended to be associated 
with younger age of the recipient, longer cold ischemia time, partial grafts and 
biliary complications, but statistical significance was not reached in either of these 
parameters. 

Histological  hepati t is 
In patients receiving TAC, we found a notable prevalence of histological hepatitis 
in 22% of the biopsy specimens compared to only 1% in the CsA group (p<0.001). As 
stated, the severity of the hepatitis was mild in the majority of cases (75%). Table 
4 shows the biochemical liver tests in the patients with normal findings and in 
those with hepatitis in 1-year biopsy specimens. Except for direct bilirubin, all liver 
tests tended to be elevated in the group with hepatitis, but statistical significance 
was not reached. Only in two patients with hepatitis, aspartate aminotransferase 
and alanine aminotransferase levels were elevated more than twice above the 
normal values. Four of the 16 patients with histological hepatitis had biochemi-
cal indications of hepatitis, including persistently elevated liver enzymes between 
1 and 8 months after LTx. In one patient, biochemical hepatitis was associated 
with a chronic adenovirus infection, the other three had a primary Epstein Barr 
virus infection and the hepatitis was attributed to this infection, but in situ hy-
bridization for EBV early RNA (EBER) in biopsy specimens performed at the mo-
ment of abnormal biochemical liver tests however were negative in all three pa-
tients. The other twelve patients did not have any clinical symptoms nor elevated 
liver enzymes suggesting hepatitis prior to the biopsy at 1 year after LTx. TAC lev-
els at one year after LTx were virtual identical and the number of patients who 
had received induction with basiliximab or additional immunosuppression with 
mofetil mycophenolate did not differ significantly between the two groups (Table 5).  
We analyzed whether the presence of histological hepatitis was associated with a 
positive EBV viral load or positive CMV IgM serology at the time of the biopsy (table 
5). Nine of the 16 patients with histological hepatitis (56%) had an EBV PCR above de-
tection level, not significantly higher than in the patients without hepatitis [18/58 
(31%), p = 0.064]. In all patients an EBER was performed on the biopsy specimen, with 
negative results. At 1 year after LTx the prevalence of CMV IgM antibodies was signif-
icantly higher in patients with histological hepatitis compared with those without 
(6/16(37%) versus 4/54(7%), p = 0.003). Three of these patients had both a positive EBV 
PCR and CMV IgM antibodies. In four patients neither active EBV nor CMV infection 
could be identified, one of these patients was the patient with a chronic adenovirus 
infection described before. If we combine the results of the EBV PCR and CMV IgM se-
rology we find a significantly higher fraction of patients with an active viral infection 
12/16 (75%) in the histological hepatitis group compared with patients without hep-
atitis [20/58 (34%)], p = 0.008]. Hepatitis B and C serology was negative in all patients. 
We analyzed as well whether de novo auto-immune hepatitis could contribute to 
the histological abnormalities. No patient fulfilled the criteria of auto-immune 
hepatitis.14 IgG levels were increased in two patients, but without elevation of the 
liver enzymes. One of these patients was a patient with Cystic Fibrosis with fre-
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Table 4. Biochemical liver tests and histopathological finding in TAC treated patients who had 
either normal histology or hepatitis in protocol biopsies at 1 year after liver transplantation.

Normaal (n=23) Hepatitis (n=16)

AP (13-300U/L)

AST (0-40 U/L)

ALT (0-30 U/L)

γGT (0–65 U/L)

Direct Bilirubin (0-0.3 mg/dl)

195(83–697)

35(13–59)

29(11–112)

17(11–112)

0.6(0.2-2.1)

235(14–703)

41(26–339)

37(14–340)

27(14–213)

0.5(0.3–1.9)

Median (range).  Abbreviations: AP, alkaline phosphatase; γGT, γ-glutamyl transferase, AST, 
aspartate aminotransferase, ALT alanine aminotransferase.

Table 5. Results of univariate analysis of risk factors for histological hepatitis in protocol 
biopsies at 1 year after liver transplantation of TAC-treated patients. 

No hepatitis (n=58) Hepatitis (n=16)

Immunosuppression 

TAC trough level 1 yr  
Basiliximab 
 Yes 
Mofetil mycophenolate 
  Yes 
 
Rejection 
  Yes 

Infection 

EBV PCR 
 Positive at 1 yr 
 
CMV IgM
  Positive serology
  
EBV or CMV

Auto-immune

IgG levels (g/l)

Autoantibodies 
  positivity 
(ANA and/or SMA) 

8.3±2.7

37(64%)

11(19%)

15(26%)

18/58(31%)

4/54(7%)

20/58(34%)

10.2±3.3

18/53(34%)

7.5±2.9

10(62%)

4(25%)

7(43%)

9/16(56%)

6/16(37%)

12/16(75%)

12.1± 4.7

8/13(62%)

p=0.27

p=0.92

p=0.62

p=0.17

p=0.064

p=0.003

p=0.008

p=0.064

p=0.068

Abbreviations: TAC = tacrolimus, EBV = Epstein Barr Virus, CMV = Cytomegalovirus, ANA 
antinuclear antibodies, SMA  anti-smooth muscle antibodies. 
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quent pulmonary infections. The other patient had an active EBV and CMV infection, 
and developed a PTLD at 1.5 years after LTx. Patients with histological hepatitis did 
not have significantly higher levels of IgG than patients without hepatitis (12,1 g/l 
versus 10,2 g/l respectively; p = 0.064). Autoantibodies were not routinely tested 
at 1 year after LTx. Afterwards in 2008, autoantibodies were determined during 
the annual evaluation in most patients included in this study (66/74, 90%) at a 
follow-up of 5 years (median, range 2-9 years) after LTx. Antinuclear antibodies 
(ANA), anti-smooth muscle antibodies (SMA) and anti-liver-kidney microsomial an-
tibodies (LKM) were determined. We found positive autoantibodies in 26 patients 
(36%), in 24 patients positive ANA and in 7 patients SMA. Five patients had both 
positive ANA and positive SMA. Autoantibody positivity tended to be higher in the 
group with hepatitis 1 year after LTx compared with the group without hepatitis, 
but this did not reach significance [8/13 (62%) and18/53 (34%) respectively, p = 0.068].  
In six of 16 patients with hepatitis, we have extended the follow-up to 5 years post LTx. 
None of the 5-year biopsy specimens of these patients showed histological hepatitis. 
Three out of six did not show abnormalities, the other three showed portal fibrosis. 

Discussion 

�n previous studies we reported that graft fibrosis develops in a considerable per-
centage of pediatric patients after LTx treated with a CsA-based immunosuppres-
sive regimen.2;5 �n the present study we analyzed if the introduction of a TAC-based 
immunosuppressive regimen improves the prevalence of fibrosis. Our data show 
that graft fibrosis is present in 35% of pediatric patients 1 year after LTx receiving 
TAC, which is a similar prevalence as found previously in patients who received 
CsA.5 We did observe a high prevalence of histological hepatitis (22%), only seen 
in 1% of the CsA treated patients. Patients with histological hepatitis usually did 
not usually have significantly elevated biochemical liver tests, but most had sero-
logical or viral load indicators compatible with an active CMV or EBV infection.  
There are only a limited number of studies on graft histopathology after LTx in 
pediatric recipients, and those available describe the results of CsA-based im-
munosuppressive regimens. Rosenthal et al.15 found only mild abnormalities in 
protocol biopsy specimens up to 3 years after LTx in pediatric patients. However 
patients with elevated biochemical liver tests or biopsy specimens with abnor-
mal findings (hepatitis or fibrosis) were excluded in their analysis. The prominent 
findings were low grade inflammation in the portal zones (48% of the biopsy 
specimens) or in the parenchyma (25%) and mild fibrosis (8%). Evans et al.3 re-
ported the results of protocol liver biopsy specimens 1, 5 and 10 years after LTx 
in pediatric patients. One year after LTx they found (nearly) normal histology in 
68%, hepatitis in 34% and fibrosis in 13% (mostly in combination with hepatitis). 
Low grade inflammatory changes were seen in the majority of the normal biopsy 
specimens, and were considered normal findings. �n our previous study5 we found 
(near) normal findings in 60% and fibrosis in 31% of the 1-year biopsy specimens. 
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Minimal inflammatory (reactive) changes were seen in 25% of the biopsy speci-
mens. �n our present study of patients who received TAC, 1-year biopsy specimens 
were (near) normal in 40%, showed fibrosis in 35% and histological hepatitis in 22%.  
We found the same prevalence of fibrosis in the 1 year biopsy specimens in patients 
who used TAC compared with our previous study in patients who used CsA, despite 
a stronger immunosuppressive effect7 or an attributed less fibrogenic effect8 of TAC. 
This supports the finding in our previous study that the development of fibrosis 
was not related to the withdrawal of CsA 2 years after LTx.2;16 �n our previous study 
we found that several factors related to transplantation (long cold ischemia time, 
young age of the recipient at the time of transplantation, the use of partial grafts 
and biliary complications) had a significant relation to the development of fibro-
sis. Possible explanations include subclinical biliary or venous outflow obstruction 
manifesting as fibrosis on follow-up or either growth of the transplanted partial graft 
under chronic immunosuppression resulting in fibrosis.16 Although fibrosis in our 
present study tended to be associated with younger age of the recipient, longer cold 
ischemia time, biliary complications and the use of partial grafts, statistical signifi-
cance was not reached, so our previous findings can not be confirmed in this study. 
�n our present study we found two histological differences compared with the previ-
ous CsA results. First, the TAC-based regimen was associated with a lower percentage 
of minimal inflammatory (reactive) changes (9%). �t is tempting to speculate that the 
reported reactive changes are prevented by the stronger immunosuppressive com-
petence of TAC. Second, we found a high number (22%) of biopsy specimens with 
hepatitis, albeit predominantly (75%) mild. This histological hepatitis was not as-
sociated with elevated liver enzymes. Our results on the prevalence of histological 
hepatitis in TAC-treated patients are quantitatively similar to those reported earlier 
by Evans et al. on a CsA based regimen.3 Evans et al. reported histological hepatitis in 
22% of the grafts 1 year after LTx also predominantly of a mild grade (73%). Based on 
the prevalence over time (up to 91% at 10 years) and increased number of autoanti-
body positivity, the authors hypothesized that the histological hepatitis might pres-
ent a form of chronic hepatic rejection. As steroids were withdrawn at three months, 
and patients received CsA monotherapy at one year after LTx, they suggested that a 
continued steroid therapy might have prevented the chronic hepatitis. Our present 
data do not strongly support this hypothesis, since the prevalence of hepatitis was 
similar despite the use of TAC in combination with a continued low dose of steroids. 
�n our study the group with histological hepatitis also tended to have more autoan-
tibody positivity. Significance was not reached; this may be explained by the fact 
that the autoantibodies were determined at a later time span. Recent reports have 
shown a high prevalence of autoantibodies from 26% up to 70% after LTx.17;18 Avitzur 
et al.18and Evans et al.3 related the finding of autoantibodies to chronic rejection 
or to autoimmune hepatitis, but this relation could not be confirmed by Richter et 
al17, who found the clinical significance of autoantibodies limited. �nterestingly in 
the patients with histological hepatitis we found indirect indications of over- rather 
than under-immunosuppression. Patients with hepatitis more frequently had an ac-
tive CMV infection or were carrier of an EBV infection, suggestive for over-immuno-
suppression. EBER staining was negative in all liver biopsy specimens, but Suh and 
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Rogers19;20 have shown that EBER-positive cells detected by in situ hybridization in 
active EBV hepatitis are sparse in number in most cases. Although careful examina-
tion of EBER in situ hybridization did not reveal EBER-positive cells in the hepati-
tis cases with evidence of elevated EBV viral load, a (previous) episode of mild EBV 
hepatitis cannot be excluded. Another indication that does not support the concept 
of under-immunosuppression may be derived from the available follow-up 5-year 
biopsy specimens in 6 patients. The hepatitis has subsided despite lower trough lev-
els of TAC, which would not be the case when we were dealing with chronic rejec-
tion. �n conclusion, graft fibrosis 1 year post LTx is as prevalent in children receiving 
a TAC-based immunosuppressive regimen as in patients who received a CsA-based 
regimen. �n patients treated with a TAC-based regimen we did not find a significant 
association of fibrosis with transplant related factors, such as cold ischemia time or 
the use of partial grafts. The TAC-based regimen is associated with a high prevalence 
of histological hepatitis at 1 year after transplantation, which seems rather due to 
over-immunosuppression than to under-immunosuppression. The etiology of the 
high prevalence of fibrosis in transplanted grafts after pediatric LTx, irrespective of 
the used immunosuppressive regimen, remains to be elucidated. Our present results 
indicate that neither over- nor under-immunosuppression is a major contributor to 
the high prevalence of graft fibrosis at 1 year post-transplantation. 
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