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Role of hepatitis C virus in chronic liver disease
occurring after orthotopic liver transplantation
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J de Ville de Goyet, J Rahier, Jean Bernard Otte, Sing Hien Yap, Etienne Marc Sokal

Abstract

Paediatric orthotopic liver transplant
recipients may develop chronic hepatitis
after surgery. To investigate the role of
hepatitis C virus in this pathology a cohort
of 249 paediatric orthotopic liver trans-
plant recipients was studied. Sixteen
children (6:4%) were found to have
chronic hepatitis C virus hepatitis after
orthotopic liver transplantation. All but
one of them had serum transaminase
values which were persistently raised two
to eight times the upper limit of normal.
Thirteen were positive for both serology
and serum hepatitis C virus RNA. Serum
hepatitis C virus RNA detection occurred
five to 33 months before hepatitis C virus
antibodies. Liver tissue hepatitis C virus
RNA and hepatitis C virus core antigen
were detected in five. In one patient,
tissue hepatitis C virus core antigen was
detected when other tests for hepatitis C
were negative. Two patients had positive
human cytomegalovirus serum antibodies
and RNA  Dbefore transplantation.
Although serum hepatitis C virus RNA
was not detected after transplantation,
serum enzyme immunosorbent assay and
tissue core antigen were still detectable in
both patients. In another child, serum
hepatitis C virus RNA was positive and
hepatitis C virus core antigen was found
on a liver biopsy specimen but antihepati-
tis C virus antibodies were negative as well
as liver hepatitis C virus RNA. No patient
developed severe liver disease or cirrhosis
during a follow up of up to 72 months. It is
concluded that hepatitis C virus is a
significant cause of morbidity after paedi-
atric orthotopic liver transplantation.
Diagnosis cannot rely on serological
testing only. The patients remained stable
on follow up, but longer prospective
histological studies remain necessary to
establish prognosis.

(Arch Dis Child 1995; 72: 403-407)
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Viral infections are a major concern for
paediatricians involved in the care of paediatric
liver transplant recipients.! 2 Of particular con-
cern is hepatitis C which is characterised by a
high propensity to chronicity and may lead to
severe damage in the liver graft. In contrast to
adult recipients who are commonly infected by

hepatitis C virus before transplantation,>%
children are more likely to contract hepatitis C
virus during or after the transplant procedure
itself.” The pathogenicity and natural history
of hepatitis C acquired on or after transplanta-
tion in childhood may not necessarily mimic
recurrence of hepatitis C virus infection as
observed in adult liver transplant recipients.

In the present series, we analyse the pre-
valence of hepatitis C virus infection in a
cohort of 249 paediatric liver transplant
recipients, and report our experience of
hepatitis C virus antibody and hepatitis C virus
genome detection and the natural history of
this infection in liver transplantation recipients
in childhood.

Patients and methods

PATIENTS

Between March 1984 and September 1993,
orthotopic liver transplantation was performed
in 314 children at our centre. The present
study includes 249 of these 314 (79-3%)
children who have been regularly screened for
the presence of hepatitis C virus antibodies
using second and third generation antihepatitis
C virus (EIAs). The screening took place at
each major check up performed on the
patients, that is three, six, and 12 months after
transplant and yearly thereafter, starting with
the availability of tests for hepatitis C virus in
January 1990. A minimum of three hepatitis C
virus tests were performed in each patient, and
the minimal interval between the first and last
investigation was six months. A total of 151
patients had transplant after January 1990 and
98 before. Blood and organ donors were also
screened for antihepatitis C virus antibodies
from that date. Sixty five (20-7%) children
were not included in this study because they
had missed one or more major follow up visits
and/or hepatitis C virus serum marker determi-
nation.

Liver biopsy and biochemical data were
obtained in all patients at six and 12 months
after transplant and thereafter every year. In
addition, liver biopsies were performed if
abnormal liver function tests were present. In
patients with abnormal liver histology or
biochemical tests, additional serum samples
were tested for antihepatitis C virus by third
generation recombinant immunoblot assay
(RIBA3.0) and for hepatitis C virus RNA by
polymerase chain reaction (PCR) (see labora-
tory techniques). In seven out of 16 children, a
well preserved frozen biopsy sample obtained
at the time of the liver enzyme abnormalities
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was available for hepatitis C virus RNA and
hepatitis C virus antigen detection, using a new
immunohistochemical assay, as described else-
where.8 Liver tissue hepatitis C virus RNA was
also detected by the PCR technique.

LABORATORY TECHNIQUES

Serum samples were stored at —70°C until
used for testing. Antihepatitis C virus anti-
bodies were detected with second or third
generation enzyme immunosorbent assay
(EIA) (screening and confirmatory assay
(Ortho Diagnostic Systems). These tests were
performed according to the manufacturer’s
recommendations. In the third generation EIA
(Ortho), an additional recombinant antigen
NS5 has been added to the other recombinant
antigens (core, C33c, C110-3) used in the
second generation assay.

In the third generation RIBA test (RIBA3.0),
the hepatitis C virus antigens, immobilised on
nitrocellulose strips, are either recombinant
proteins (C33c and NS5) or synthetic peptides
(c100p and c22p). The results, expressed in
accordance with the rating system (from 1+ to
4+) proposed by the manufacturer, were
defined as positive when reactive for at least two
antigens and indeterminate when positive for
only one antigen.

Hepatitis C virus RNA was extracted from
50 wl of serum sample using the acid
guanidinium thiocyanate-phenol-chloroform
method.® Each serum sample was coextracted
with one H20 sample used as negative control.
The reverse transcription and nested PCR
steps were done using primer pairs corres-
ponding to the highly conserved 5’ non-
coding region of the viral genome.!® The
specificity of the PCR products was confirmed
by Southern blot hybridisation under stringent
conditions with an internal oligonucleotide
probe (position from —185 to —148) enzy-
matically labelled with digoxigenin using
DIG-System (oligonucleotide 3'-end labelling
and detection kits; Boerhinger Mannheim).
Results were recorded only if the samples and
the negative and positive controls were repro-
ducible in at least two independent experi-
ments.

Serum aspartate and alanine aminotrans-
ferases activities were determined at 37°C
according to the Deutsche Gesellschift fiir
Klinische Chemie method on the Hitachi 737
analyser.

Hepatitis C virus RNA was detected in liver
tissue using a previously described reverse
transcription PCR assay with primers derived
from the highly conserved 5’ non-coding
region (UTR) of the viral genome.!! Enhanced
detection of hepatitis C virus RNA was found
in some samples using other 5’ sense primers
(outer sense primers: GTATCTCGAGGC-
GACACTCCACCATAGAT=position —333
to —305 of 5 UTR and inner sense primers:
CCACCATAGATCTCTCCCCTGT=posi-
tion —315 to —294 of 5’ non-coding region
according to Han et al and Garson et al.!2 13

Hepatitis C virus antigen in liver biopsy
samples of transplanted patients was detected

immunohistochemically using a specific mono-
clonal antibody (1F-2) directed against a syn-
thetic core peptide, as described elsewhere.8

LIVER HISTOLOGY

The histological diagnosis of hepatitis was
based on the presence of portal and/or
parenchyma mononuclear infiltration and
isolated hepatocyte necrosis as evidenced by
acidophilic bodies. Hepatitis was classified as
chronic if the changes were present for at least
six months as determined clinically or histo-
logically. Chronic liver damage was further
classified as chronic active hepatitis, chronic
persistent hepatitis, and chronic lobular
hepatitis. For a diagnosis of chronic active
hepatitis, a portal mononuclear infiltrate with
piecemeal necrosis and disruption of the limit-
ing plate by inflammatory cells was necessary.
Chronic persistent hepatitis was characterised
by expansion of the portal zone by mono-
nuclear cells, with some fibrosis. Chronic
lobular hepatitis was diagnosed when pre-
dominant intralobular inflammation with
individual cell necrosis was found.

CRITERIA FOR DIAGNOSIS OF HEPATITIS C VIRUS
INFECTION

Hepatitis C virus infection was established by
using at least two of the following criteria: (1)
positive second or third generation EIA test
with positive RIBA3.0; (2) positive serum
hepatitis C virus RNA; or (3) positive liver
hepatitis C virus RNA with or without positive
hepatitis C virus antigen in liver tissue.

Results

LABORATORY DATA

Among 249 patients, 21 (8-4%) children had
at least one positive test for hepatitis C virus
infection. None of them had positive sero-
logical and/or liver tissue markers for hepatitis
B virus infection.

In five patients, a positive second or third
generation antihepatitis C virus EIA, was
not confirmed by RIBA3.0 and hepatitis C
virus RNA was not found in their serum. A
slight increase of serum transaminases and
minimal histological signs of non-specific
hepatitis were demonstrated in four out of
these five patients, while one patient had
normal liver function tests and normal liver
histology. Liver tissue was not available for
hepatitis C virus RNA and hepatitis C virus
antigen detection in these patients. None of
these five patients displayed hypergamma-
globulinaemia, a factor which is known to give
false positive results in antihepatitis C virus
EIAs. Because of uncertain diagnosis, these
patients were excluded from the hepatitis C
virus series. In the remaining 16 children
(6-4%) a diagnosis of hepatitis C virus infec-
tion was firmly established. Their pretrans-
plant diagnoses were as follows: extrahepatic
biliary atresia (8), Wilson’s disease (3), con-
genital hepatic fibrosis (1) Byler’s disease (1),
Alagille’s syndrome (1), non-A, non-B
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fulminant hepatitis (1), and cryptogenic cir-
rhosis (1). The mean follow up period after
transplant in this group was 57 months (range:
18-87 months).

Eleven patients belonged to the subgroup of
98 who underwent orthotopic liver transplan-
tation before screening of blood products and
donor organs for hepatitis C virus infection
(11/98=11-2%). Their pretransplant hepatitis
C virus status was unknown. The five remain-
ing patients had orthotopic liver transplanta-
tion performed after the donor and recipient
screening tests for hepatitis C virus became
available (5/151=3:3%). All five donors had
no hepatitis C virus antibodies. The pretrans-
plant hepatitis C virus status of these five
patients was: three patients were antihepatitis
C virus negative (second and third generation.
EIA and RIBA3.0 test) with undetectable
serum hepatitis C virus RNA levels and two
were positive for all these serological assay
(EIAs, RIBA3.0, and PCR). After transplant
13 of 16 patients were found to be positive for
antihepatitis C virus antibodies detected by
EIA and RIBA tests and for serum hepatitis
C virus RNA. In addition, in five of these 13
patients, liver biopsy specimens were tested for
hepatitis C virus RNA and hepatitis C virus
antigen and were found to be positive for both
of them. The two patients who were known
to be hepatitis C virus antibody and serum
hepatitis C virus RNA positive before trans-
plantation had no more detectable hepatitis C
virus RNA in serum and liver after transplanta-
tion, but they remained antihepatitis C virus
positive (second and third generation EIA)
with an indeterminate RIBA3.0 test. Hepatitis
C virus antigen was still found in their liver
biopsy specimens (table). In the patient with
fulminant hepatitis, serum hepatitis C virus
RNA was positive on two subsequent deter-
minations but thereafter it became unde-
tectable. Hepatitis C virus antibodies were
always negative using EIAs and RIBA3.0 test
and no hepatitis C virus RNA was found in
liver tissue. However, hepatitis C virus antigen
was positive in liver tissue (table).

In five children, serum hepatitis C virus
RNA preceded the appearance of hepatitis C
virus antibodies. the mean delay of seroconver-
sion was about 20 months (range 5-33
months). All but one hepatitis C virus infected
child had persistently raised transaminases
fluctuating from twice to eight times the upper
normal limit.

LIVER HISTOLOGY
Fifteen of 16 patients infected with hepatitis C

Markers of hepatitis C virus infection in 21 transplanted children

Antihepatitis C virus Hepatitis C virus RNA Hepatitis C
No of virus antigen
patients EIA RIBA Serum Liver in liver
13 + + + +(5) +(5)
2 + Indeterminate - - +
1 - - +1 - +
5% + - - NP NP

*Patients not included in the group with chronic hepatitis C.
1Positive on two occasions and persistently negative thereafter.
NP=not performed.
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virus had a histological picture compatible with
the diagnosis of chronic hepatitis C, and one
had normal histology. Chronic persistent
hepatitis was detected in 10 patients and
chronic active hepatitis in one. In these 11
patients, liver histology remained unchanged
during follow up and no aggravation of
inflammation nor fibrosis was noticed. The
four remaining patients had chronic lobular
hepatitis, of whom two progressed towards
increasing lobular inflammation and portal
involvement, without fibrosis.

Discussion

The 6-4% prevalence of hepatitis C virus
infection reported in our paediatric liver
transplant series is similar to that reported
from the Cochin Bicétre paediatric series,’
while prevalence as high as 35% has been
reported after orthotopic liver transplantation
in previously hepatitis C virus negative adult
recipients.!4

All our patients showed to variable degrees
histological features compatible with the diag-
nosis of chronic hepatitis C. The histological
aspect of chronic hepatitis C was not specific
in our experience and this is generally
explained by immunosuppression itself,
which may alter the histological appearance
of viral hepatitis after transplantation.!> In
addition associated problems may interfere,
such as rejection, cytomegalovirus related
hepatitis, ischaemic injury, drug toxicity, and
vascular and biliary problems.!5 16 Although
none of the patients had fibrosis nor cirrhosis,
a longer follow up is needed to establish long
term prognosis of this slowly progressive
disease, whose natural history in paediatric
patients who have not been transplanted also
remains poorly documented. It has been
shown that only 10% of children infected with
hepatitis C virus but not transplanted achieve
sustained biochemical remission and that
severe active hepatitis or even cirrhosis may
develop within six years of infection.!” No
case of acute graft failure or rapidly progres-
sive hepatitis was observed in our series, in
agreement with other paediatric and adult
series.” 18 Development of cirrhosis is des-
cribed in adult patients, and 50% of adult
patients may have chronic active hepatitis two
years after the initial acute hepatitis C virus
hepatitis.!8 Newly acquired hepatitis C seems
to have a slower progress after transplantation
than recurrent hepatitis C in adult patients.!8
Even if some children may have been infected
by hepatitis C virus before transplantation,
hepatitis C was usually not the original cause
of liver disease, and patients may be infected
at the time of transplantation or shortly after.
Pretransplant hepatitis C virus infection was
diagnosed in two of our patients, one of them
having cryptogenic cirrhosis compatible with
hepatitis C virus infection as the primary
cause of liver disease.

Systematic screening of blood donors for
hepatitis C virus has reduced but not
eliminated the risk of hepatitis C virus infection
acquired after transfusion.!® For solid organ
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transplantation, however, hepatitis C virus may
also be transmitted by the graft.3202! This
mode of transmission may have contributed
to de novo hepatitis C virus infections in
our patients, although we cannot exclude rein-
fection of their liver by pre-existing hepatitis C
virus infection. They may also become infected
by blood transfusions administered during and
after orthotopic liver transplantation. This
stresses the importance of testing organ donors
for the presence of hepatitis C virus RNA both
in serum and graft, a time consuming test
which is unfortunately not available routinely in
laboratories.2! 22

A complete concordance of tests for
hepatitis C virus (EIA, RIBA, and serum
hepatitis C virus RNA) was observed in 13 out
of 16 (81%) transplanted children. Two
patients were already positive for hepatitis C
virus markers before transplant; antihepatitis C
virus antibodies remained positive after ortho-
topic liver transplantation, but serum and liver
tissue hepatitis C virus RNA were undetec-
table. Positive hepatitis C virus antigens in
these grafts suggest, however, that infection
recurred after transplant unless the donors
were themselves infected with hepatitis C
virus. One of these two patients had normal
liver function tests and normal histology
during follow up (18 months), and hepatitis C
virus antigen was the only evidence of hepatitis
C virus infection after transplant.

The high sensitivity of the hepatitis C virus
antigen detection assay was further demon-
strated in the patient with fulminant hepatitis
who had serum hepatitis C virus RNA detected
on two occasions with negative serology.
Positive liver hepatitis C virus antigen
remained the only positive test in this patient
whose liver histology after transplant and bio-
chemical profile was consistent with chronic
hepatitis C.

An important finding in our series is the
frequent negative hepatitis C virus serology in
our patient despite proved hepatitis C virus
infection (positive serum or tissue hepatitis C
virus RNA), with seroconversion delay as long
as 33 months after infection.? 20 The possibility
of false negative results in antihepatitis C virus
EIAs and RIBA tests has been demonstrated in
transplant patients with positive serum hepati-
tis C virus RNA suggesting that immunosup-
pressive treatment might delay the appearance
of serum antibodies against hepatitis C virus.23

This and the intermittent viraemia of hepati-
tis C virus may hamper the positive diagnosis
of hepatitis C virus infection in many patients.
Non-detection of serum hepatitis C virus RNA
can be due to low concentration of circulating
virions or intermittent viraemia.

In five of 20 patients, hepatitis C virus anti-
bodies were found using a second or third
generation EIA, but no hepatitis C virus RNA
was found in serum and RIBA3.0 was
negative. These false positive results in anti-
hepatitis C virus assays have been previously
reported?3 24 and may lead to overestimation of
the prevalence of hepatitis C virus infection.
RIBA negativity does exclude hepatitis C virus
infection.25 26

Conclusion

Systematic screening of patients and donors
for hepatitis C virus is mandatory, before and
after transplantation. Negative antihepatitis C
virus assays do not exclude hepatitis C virus
infection, and positive tests must be confirmed
by RIBA test and detection of serum hepatitis
C virus RNA. Whenever possible, hepatitis C
virus RNA must be looked for in liver tissue.
The detection of hepatitis C virus antigen
seems very promising as a tool for diagnosis of
hepatitis C virus infection in children who have
had orthotopic liver transplantation. Donor
serum and liver hepatitis C virus RNA testing,
and perhaps donor liver hepatitis C virus
antigen testing, may decrease the prevalence of
de movo hepatitis C virus infection in trans-
planted children. Short term prognosis of the
transplant child is not affected by hepatitis C
virus infection. We did not observe rapid pro-
gressive hepatitis, nor severe liver damage on
follow up in this series, but long term prospec-
tive histological studies are needed to deter-
mine the natural course of hepatitis C virus
infection in these patients.
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The psychology of smallness

One reason given for offering growth hormone treatment to
short children who are not demonstrably growth hormone
deficient is that it might save them psychological trauma.
Workers in Buffalo, New York State (David E Sandberg and
colleagues, Pediatrics 1994; 94: 832—-40) have measured
psychosocial functioning in their short patients.

The study involved 258 children and adolescents (180 boys, 78
girls) aged 4 to 18 years referred to a paediatric endocrinology
clinic because of short stature (height less than 5th centile).
Their height Z (SD) scores were: mean —2-3, SD 0-5, range
—4-0 to —1-6. Fifty four per cent had ‘normal variant’ short
stature, 33% had various diagnoses including growth hormone
deficiency (14%), undernutrition, skeletal dysplasia and
chromosomal abnormality, and the remaining 13% had short
stature of undetermined cause. Psychosocial assessments were
made using three questionnaires; the child behaviour checklist
(CBCL) completed by parents, and the youth self report and self
perception profile, both completed by the patients.

Boys in the study were described by their parents as being less
socially competent and showing more behavioural and
emotional problems than the CBCL norms and the boys
described themselves as being less socially active but had normal
estimates of their own abilities and self worth. Nevertheless the
psychosocial morbidity in boys was not great and the findings in
girls were normal. Neither the degree of short stature nor its
cause was significantly related to psychosocial functioning.

The authors conclude that psychosocial malfunction is not a
reason for growth hormone treatment of most children with
normal variant short stature.
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