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The etiology of 72 episodes of liver disease that
developed in 62 of 162 renal-transplant reciplents was
evaluated. Infection with hepatitis B virus was a minor
problem, and none of our patients had evidence of
infection with hepatitis A. Cytomegalovirus infection was
ubiquitous in the population and probably accounted for
many episodes of acute liver disease. This agent's rolein
causing chronic hepatitis Is less secure. Infections with
other viruses including Epstein-Barr virus, adenovirus, and
the herpes viruses were only rarely assoclated with
hepatic disease. Azathioprine was responsible for some
episodes of acute cholestasis but could not be
incriminated as a direct cause of chronic disease. A cause
could be identified for the majority of episodes of acute.
hepatic dysfuncuon, but the cause of most of the chronic
hepatitis remains undetermined. It Is likely that infection
with non-A, non-B hepatitis virus accounts for much of this
serious, often fatal, complication of renal transplantation.

THE IMPORTANCE OF LIVER DISEASE and liver failure to
the long-term prognosis of patients‘who are renal-trans-
plant recipients has been recognized with increasing fre-
quency during the past few years (1-3). We have been
concerned by both the frequency and the seriousness of
the liver disease occurring in our patients who have re-
ceived renal grafts (4). We have sought, therefore, to de-
fine the role played by a number of viruscs as well as
various drugs and other agents in the developmem of
liver disease during the period ‘after transplnmnnon
Many of these agents have been incriminated as causing
liver disease in particular patients with this clinical back-
ground, but no comprehensive evaluation of their relative
contribution to this serious problem has been presemed
to date. .

Materials and Methods
PATIENTS

From January 1970 through June 1976, 217 patients received
223 renal transplants at Parkland Memorial Hospital. In 61
instances the patient either died or required transplant nephrec-
tomy within 3 months of the procedure. These patients have
been excluded from analysis, because their clinical course was
cither too short or too complicuted to allow for adequate assess-
ment of any hepatic disturbance that may have been present.
Thus 162 patients were “‘at risk” for the development of liver
disease in the post-transplant period. These patients have becn
observed until death or for a minimum period of 6 months
(mean, 33 months). Some have been followed for as-long as 7
years. At every visit to the clinic each patient was assessed for
evidence of hepatic dysfunction both clinically and by means of
a screening battery of laboratory tests,” which included total
serum bilirubin, serum albumin, and the serum activities of as-
partaté aminotransferasc. (serum glutamic-oxalacetic transami-
nase [SGOT]) and alkaline phosphalasc (SMA-12/60, chhni-
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con Instruments, Inc., Tarrytown, New York). At intervals that
varied from 1 to 6 months sera were drawn for the detection of
hepatitis B surface antigen (HBsAg) or antibody to cytomegalo-
virus. These sera were then stored at ~20°C and were used

_subsequently for the other serologic studies herein reported.

Liver bxcpsies and other laboratory tests were done as dictated
by the patierits® clinical circumstancés,

Liver disease has beei defined as the occurreince of two con-
sccutive SGOT measurements drawn at lecast 1 weck apart,
which were elevated above the upper limits of the normal range
for the method used and which were confirmed, at least once,
by a spectrophotometric method. This requirethent was adopt-
ed to exclude SGOT elevations produced by- artefacts of the
colorometric méthod used by the SMA-12 autoanalyser (5). An
episode of liver dysfunction was termed *“acute” if the results of
liver tests returned entirely 1o normal in less than 6 months or
the patient died within 3 months of its onsct.. The liver discase
was considered “chronic” if the patient manifested perSlstenlly
abnormal liver test results for longer than 6 months or died
after at least 3 months of unremntmg severe d‘sease

SEROLOGY

Initial tests were done on sera drawn Just prior to transplan-
tation or, when Such sera were not available (22 instances), on
sera obtained soon after transplantanon and before the onset of
any liver dysfunction. The various assays were rcpeated on sera
drawn at least 6 months after the onset of liver disease. Patients
who remained frec of any hepatic disturbance were re-assessed
using séra drawn at least 6 months and usually more than 12
months after transplant. When seroconversion was found from
the’ "earlyf' to the *'late” sera @ more precise point of serocon-
version was ascertained by repeating the nssay on all of the
available interval samples.

Sera from all of the patients with liver dlseasc were not avail-
able for all of the assays. The pretransplant scra from some
patients \i/a‘s'cihx;us;ed or lost before all'of the tests could be
done. This has caused a variation in the number of p'alicnls who
have been tested in the different assay systems.

Hepatitis B surface antigen was assayed initially by counter-

immunoelectrophoresis (6), but since 1973 these tests have been
done rounnely by passive hemagglutination (Auscell, Abbott
Laborataries, North Chicago, Illinois). All patients have had at
least two sera tested by radioimmunoassay (Ausria’ ll Abbott
Laboratories).
. Antibody to hepatitis B surfuce antigén (anti-HBs) was as-
sayed by radioimmunoassay (Ausab, Abbott Laboratories). An-
tibody to hepatitis B core antigen (anti-HBc) was nssaycd by a
radidimmunoassay (cchmque that has been described in a prior
publication (7).

Antibody to hcpatms A virus (anti-HA) was assnycd usmg a
radioimmunoassay technique the details of which have been
published previously (8, 9).

Antibody to cytomegalowrus was assayed by microtiter cor-
plement-fixation (United'States Public Health Service [USPHS]
Laboratory Branch complement fixation method [10)) using the
AD-169 strain (Flow Laboratories, Rockvnlle, Maryland) as an-
tigen. A fourfold (log,) or greater rise in titer of the antibody
was accepted as evidence of recent infection.

An indirect immunofluorescent amlbody test was used to de-
tect antibody to the Epstein-Barr virus (11). The P3J cells con-
taining viral capsid antigen (PIR cells without antigen served as
controls) were reacted with serial dilutions of the serum sam-
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ples. The cclls were then stained with goat antihuman gamma
globulin conjugated with fluorescein and cxamined under an
uitraviolet microscope for characteristic fluorescence. Antibody
was considered to be present if fluorcscence was evoked by se-
rum dilutions of 1:20 or more. Scroconversion was defined as a
four-fold or greater rise in antibody titer. The cell preparations
were obtained from Associated Biomedic Systems, Inc., Buffalo,
New York. The fluoresceinated antihuman -gamma globulin
conjugate was obtained from Meloy Laboratories, Springfield,
Virginia, :

A group-specific adenovirus complement.fixation test was
done by the microtiter method (10) using antigen obtained from
commercial sources (Flow Laboratories).

VIRAL CULTURES

Urine samples (oflen multiple) were obtained from the major-
ity of these patients during their course and cultured for cyto-
megalovirus. A sample of all liver-biopsy specimens obtained
from those patients with liver discase and many specimens from
various organs obtaincd at autopsy were also cultured for this
virus. Cultures were established by inoculating a monolayer of
human-embryonic lung cells with the test material and examin-
ing the monolayer during the ensuing month for evidence of the
characteristic cytopathic effect.

All of the other diagnostic aids used in thesc paticents were
donc by standard methods in the clinical laboratories of Park-
tand Memorial Hospital.

ATTRIBUTION OF CAUSE

An cpisode of liver disease was considered to be the conse-
quence of hepatitis B virus infection if the onset of the liver
disease coincided with the appearance of HBsAg in the patient’s
serum or if the initial manifestations were followed within 2
months by the development of circulating anti-HBc either alone
or in company with anti-HBs. Infection with hepatitis A virus,
Epstein-Barr virus, or adenovirus was aceepted as the cause of
the episode if the onset of liver dysfunction was followed within
2 months by seroconversion for the corresponding antibodies.
Cytomegalovirus infection was incriminated if seroconversion
to cytomegalovirus occurred within 1 month of the onset of the
liver disease and if there was no other rcasonable etiologic ex-
planation apparent. The diagnosis was strengthened by the oc-
currence of a typical febrile illness, the appearance, by culture,
of cytomegalovirus in urine or especially in the homogenate of a
liver biopsy, or the finding of characteristic intranuclear inclu-
sions on microscopic examination of such a biopsy.

The diagnosis of a drug-related disease required the temporal
concurrence of the hepatic dysfunction with the initiation of
drug therapy (or an increment in dosage) or the resolution of
the episode with interruption (or 2 decrease in the dosage) of
the agent under suspicion. Rechallenge trials were not under-
taken unless the drug concerned was considered essential for
the patients’ management. A drug-related cause was only ac-
cepted in the absence of any reasonable alternative cause.

STATISTICAL ANALYSIS

Student's ¢ test and chi square analysis were used where ap-
propriate.

Results

Table 1 outlines the scope of the problem posed by
liver disease in this population of renal-transplant recipi-
ents. Sixty-two (38%) of the 162 patients “‘at risk”
showed evidence of hepatic dysfunction in the post-trans-
plant period. Twenty-four patients suffered an acute
episode, whereas 38 developed a chronic form of liver
disease. The distinction between progressive and nonpro-
gressive chronic liver disease was based, in most
instances, on the histologic examination of .serial liver
tissues obtained by percutaneous biopsy or at autopsy.
We used the same histologic criteria as those reported by
Baggenstoss and associates (12). Fourtcen of the 16 pa-

LIT.001.1053

Table 1. Liver Disease in Transplant Recipients at Parkland Me-
morial Hospital 1970-1976

Case Divisions

Patients “'at risk" for liver disease® 162
Patients with liver disease 62
Episodes of liver discase ' 72
Acute episodes 34t
Acute reversible episodes 22
Acute fulminant episodes 2
*“Second' acute episodes 10
Chronic disease 38
Chronic progressive discase 16
Chronic nonprogressive disease 16
Chronic disecase—indcterminant 6

* Paticats “at risk" were patients who sutvived for 3 months alter transplant
with an intact graft.

t These cpisodes occurred in 29 patients. Five patients had 1wo episodes of acute
liver discase. Five patients with chronic hepatitls also suffered a *'sccond** separate
acute episode of liver dysfunciion, .

tients with progressive disease had from two to four his-
tologic assessments. The other two patients were not sub-
ject to biopsy during life but were shown to have cirrhosis
at autopsy. Eleven of this group of patients ultimately
developed cirrhosis, whercas four showed progression
from chronic persistent hepatitis to chronic active hepati-
tis with or without bridging lesions. One patient died of
liver failure after 12 months of liver disease, and at autop-
sy her liver was massively infiltrated with fat.

Fourteen of the 16 patients with nonprogressive liver
disease were subject to at least one hepatic histologic
evaluation (multiple in six patients). The biopsies in this
group of patients showed either mild nonspecific abnor-
malities (three instances), features of chronic persistent
hepatitis (eight instances), or chronic active hepatitis
without bridges (three instances). In patients with the
latter findings a subsequent examination had shown the
lesion to be unchanged. Two patients were not biopsied.
Elevations of SGOT levels were recorded in these pa-
tients for 10 and 12 months respectively. The results of
their liver tests then returned entirely to normal. Insuffi-
cient data were available to adequately assess progression
in six other patients with chronic disease.

Ten patients had more than one attack of liver dys-
function. These 10 acute and reversible “second” epi-
sodes either occurred separately from the patients’ major
illnesses or they developed during the course of, and were
superimposed on, episodes of chronic liver disease. Under
these latter circumstances the sccond illness was identifia-
ble as an icteric event associated with a scparate and de-
finable cause. With resolution of the sccond acute lesion’
the patient was left with the manifestations of the under-
lying chronic process.

HEPATITIS B VIRUS

At the time of transplantation only one of our patients
was known to be a carrier of HBsAg (Table 2). This
patient maintained an asymptomatic carrier state but dis-
played no evidence of liver disease for the 7 months pre-
ceding her death from nonhepatic causes. Four patients
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Table 2. Role of Hepatitis B Virus in Post-Transplant Liver Disease®

HBV Markers Number Liver Disease Cause of
Liver Disease
Present at transplantation .
HBsAg + anti-HBc 1 None ven
Anti-HBs (+ anti-HBc¢ in 18 patieats) 21 Various (in ninc paticnts) Not HBY
Anti-HB¢ 2 Chronic Not HBV
? Passive transfer
Anti-HBc (transient) 4 None o
Developed after transplantation
HBsAg I Fulminant HBY
HBsAg + anti-HBc 3 Chronic HBV
Anti-HBs -+ anti-HBc 1 Acute HBY
Anti-HBc 1 Chronic HBY

¢ HBY = hepatitis B virus, HBSAG = hepatitis B surface antigen, anti-HBc = antibody to hepatitis B core antigen, anti-HBs = antibody to hepatitis B surface antigen.

developed HBsAg during the post-transplant period. Ful-
minant acute hepatitis caused the death of one of these
people 5 months after the grafting. procedure. Another
man developed chronic hepatitis with persistent antigene-
mia and evidence on two liver biopsies of histologic pro-
gression to chronic active hepatitis. The other two
patients became chronic antigen carriers also: one asymp-
tomatic with normal hepatic histology apart from numer-
ous ground glass cells, the other with mild elevations of
SGOT but without biopsy assessment of the histologic
consequences,

Antibody to hepatitis B surface antigen was detected in
the serum of 21 patients at the time of transplantation.
Antibody to hepatitis B core antigen was detected in the
sera from 18 of these patients. Nine of them (all with
anti-HBc) subsequently developed some form of liver dis-
ease, which varied in its clinical expression and was not
attributed to hepatitis B virus infection. Only one of the
141 patients who were initially anti-HBs-negative subse-
quently developed this antibody. This seroconversion was
accompanied by the appearance of anti-HBc (HBsAg was
not detected), and these antibody responses followed an
asymptomatic episode of mildly abnormal liver tests that
fasted only 2 wecks and was caused, presumably, by in-
fection with hepatitis B virus.

Antibody to hepatitis B corc antigen (anti-HBc) with-
out coexistent HBsAg or anti-HBs was present in the sera
of two patients at the time of transplantation. Neither

Table 3. Role of Hepatitis A Virus In Transplant Recipients®

Anti-HA Anti-HA  Seroconversion
Positive at  Negative at
Transplant Transplant
no. (%) no.
Acute liver disease
(ne=17) 9 (53) 8 0
Chronic liver disease .
(n = 37) 23 (62) 14 0
No liver disease
(n = 30) 17 (57) 13 0
Total )
(n = 84) 49 (58) 35 0

* Antl-HA = antibody to hepatltis A..

patient had any evidence of liver diseasc during hemo-
dialysis, and their liver test results were quite normal for
some months after transplantation. Both patients subse-
quently developed a progressive form of chronic liver dis-
ease, and although the anti-HBc persisted in their sera
the titer remained low throughout. The subsequent liver
lesions in these patients probably were not caused by hep-
atitis B virus infection. Four other patients were noted to
have low titers of anti-HBc in the first sera drawn after
transplantation. These titers diminished during the subse-
quent few months, and then the antibody disappeared. In
only one of these patients was pretransplant serum avail-
able, and anti-HBc was not present in this sample. In
none of these patients was HBsAg or anti-HBs ever de-
tected, and the presence of anti-HBc was not associated
with any evidence of liver dysfunction. These findings
probably these represent the passive transfer of anti-HBc

. from blood transfusions received at transplantation. Sero-

conversion for anti-HBc (in the absence of HBsAg and
anti-HBs) was documented in one patient. This occurred
coincidently with the onset of a chronic liver disease that
has not progressed histologically and is probably the con-
sequence of hepatitis B virus infection. Thus hepatitis B
virus could be incriminated as the cause-of only six epi-
sodes of liver disease in 141 susceptible patients and ac-
counted for only 10% of the liver disease that was ob-
served.

HEPATITIS A VIRUS

The results of the assays for anti-HA are shown in
Table 3. Approximately 60% of the population has pre-
formed anti-HA at the time of the transplant. No in-
stance of seroconversion was observed through the period
of follow-up in those patients whose initial serum did not
contain antibody. No episode of liver disease could be
attributed to hepatitis A virus infection.

CYTOMEGALOVIRUS

Adequate serologic data were available in 150 of the
162 patients and are summarized in Table 4. Approxi-
mately 80% of patients whose pretransplant serum did
not contain complement-fixing antibody to cytomegalovi-
rus subsequently showed seroconversion for this
antibody. Approximately 60% of patients whose pre-
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Table 4. Seroconversion to Cytomegalovirus in Transplant Reciplients
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Liver Disease

CF Ab* Titers at Transplantation

<i:8 >1:8
Number Seroconversion Number > Fourlold 1 Titer
no. % no. %
Acute discase 21 18 86 k) 0 see
Chronic disease 28 22 79 8 6 75
No disease 53 44 83 37 22 59
Total 102 84 82 48 28 58

* Complement.firing antibody.

transplant serum did contain antibody also underwent a
four-fold or greater rise in titer. Neither the fact of liver
discase nor the specific form of such liver disease was
influenced by these rates of seroconversion, The associa-
tion of cytomegalovirus seroconversion with an acute fe-
brile illness or with a temporally related episode of acute
rejection’ was not confined to any one group of patients,
although thesc events tended to be more frequent in
patients who developed liver disease (Table 5). The appli-
cation of the liberal criteria we used to incriminate cyto-
megalovirus as the cause of liver disease in this study
resulted in the identification of 21 such episodes. Four-
teen of these were acute: one being fatal, whereas in seven
paticnts the liver discase became chronic and in three
there was histologic evidence of a progressive lesion. For-
ty-eight fragments of liver tissue from 28 patients were
placed in viral culture. Seven specimens from five
paticnts induced in the monolayer cytopathic changes
characteristic of cytomegalovirus infection. Five of these
positive cultures were derived from three patients with
chronic liver disease. Two of these patients had positive
cultures from two liver specimens obtained more than 12
months apart. A liver biopsy from a patient with acutc
liver disease and an autopsy specimen from a patient
without any hepatic dysfunction also gave positive results
on culture. Typical cytomegalovirus intranuclear inclu-
sions were seen in parenchymal cells in only four of the
liver specimens examined by light microscopy.

EPSTEIN-BARR VIRUS
Table 6 summarizes the scrologic data for Epstein-Barr

virus obtained in 55 patients with liver discase. The sera
from approximately 70% of the patients who subsequent-
ly developed liver disease contained antibodies to this vi-
rus at the time of transplantation. Seroconversion was
documented in 11 patients whose sera was initially nega-
tive for antibody. In 10 patients this was not associated
with the development of liver dysfunction. Seroconver-
sion in one patient occurred, however, during the course
of an asymptomatic but histologically progressive form of
chronic liver disease. It was associated with a striking
icteric illness, which was self-limited and resolved within
3 months leaving the patient with just the manifestations
of his underlying chronic discase. This second acute ill-
ness was considered to result from Epstein-Barr virus in-
fection. .

In only one other patient was seroconversion for Ep-
stein-Barr viral antibody associated with clinical manifes-
tations. This patient devcloped a febrile illness, but there
were no associated hepatic abnormalities.

ADENOVIRUS

Complement-fixing antibodies to adenovirus were
found in the pretransplant sera in approximately 40% of
patients (Table 7). Two patients who subsequently devel-
oped liver disease underwent seroconversion for adenovi-
rus antibody. The onset of the liver discase and the sero-
conversion were not temporally related, however, and it
was concluded that adenovirus infections were not re-
sponsible for any of the observed liver disease.

DRUGS
Two patients developed acute liver disease within a few

Table 5. Accompaniments of Cytomegalovirus in Transplant Recipients

No Liver Disease  Acute Liver Disease Chronic Liver Disease Total
(N = 90) (N =24) (N = 36) (N = 150)
Serological Evidence of Recent Infection 66 18 28 112
Accompanied by
Febrile illness® : 16 9 10 " 35
Acute rejectiont 10 6 9 25
Positive urine culture - 21/42 10/13 17/29 48/84
Onset of liver discase e 14 7 21
Positive liver culture 1/1 171 3/25 5/28

* Defined as the development of an otherwise uneaplained temperature > 37.8 °C within | month prior to scroconversion.
t Defined by the receipt of intravenous bolus xx:rofd therapy within | month prior to scroconversion.
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Table 6. Epstein-Barr Antibody in Transplant Recipients

Acute Liver Chronic Liver
Disease Discase
(N=19) (N = 36)
- - ono. (%) no. (%)
Positive titer at transplant 12 (63) 25 (69)
2 Four-fold rise in titer |

Associated liver discase 0 0
Negative titer at transplant 7 11

Seroconversion 4 7

Associated liver disease ] i*

* Associated with a *'sccond™ acute episode in patient with chronic discase.

weeks of starting therapy with isoniazid and sulfame-
thoxazole-trimethoprim (Bactrim), respectively. Both
drugs are known to produce idiosyncratic liver injury
(12, 13), and in both instances the liver disease resolved
with cessation of the agents. Rechallenge trials were not
conducted in these patients, but the drugs were accepted,
although not proved, to be the cause of the episodes of
liver dysfunction.

The initial mecan daily dose of azathioprine and the
distribution of its dosage ranges were the same in patients
who developed liver disease and those who did not (Table
8). Thirty-two patients displayed an inordinate sensitivity
to the effects of azathioprine, which was reflected by re-
peated falls in their peripheral Jeukocyte counts and ne-
cessitated a marked reduction in their maintenance dos-
age. This sensitivity was seen more frequently in patients
with liver disease than in those without (P < 0.05).

Four discrete episodes of acute cholestasis character-
ized by marked pruritus and varying degrees of jaundice
were observed. Withdrawal of azathioprine resulted in
resolution of the cholestasis in three instances. A reduc-
tion in azathioprine dosage was followed by marked ame-
lioration of the episode in the fourth patient. Restitution
of the dosage to its original level in this patient was fol-
lowed by a recurrence of the disorder, which resolved
completely when the drug was discontinued. These four
episodes were considered to have been caused by aza-
thioprine in a **dose-related’ rather than an “idiosyncrat-
ic” fashion.

All but one of the patients who were identified as hav-

Table 7. Adenovirus in Transplant Reciplents
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ing chronic progressive liver disease and eight of the 16
with nonprogressive chronic disease were treated by in-
terrupting azathioprine therapy. In some instances cy-
clophosphamide was substituted to maintain adequate
immunosuppression. In each case azathioprine was with-
held for at least 1 month and in most instances for more
than 6 months. An apparent amelioration of the chronic
liver discase was seen in only two instances. One patient
was a carricr of HBsAg, and the other patient subse-
quently relapsed (while still off azathioprine) and died of
liver failure. Azathioprine was considered unlikely to
have been directly responsible for any of the chronic liver
discase observed in these patients.

MISCELLANEOUS CAUSES

There was one example cach of hepatic infection with
Cryptococcus ncoformans and with lethal varicella zoster
virus infection. Although 10 of our patients are known to
have had cholclithiasis, there were no instances where
bile-duct obstruction or pancreatitis accounted for the
observed liver disease. In no instance could alcohol abuse
be incriminated as the cause, and there were no immuno-
logic markers present consistently in these patients to
suggest cither primary biliary cirrhosis or “lupoid” hepa-
titis.

Table 9 summarizes the causes that could be applied to
the various forms of liver disease. Although most of the
acute cpisodes had a definable cause, the bulk of the
chronic liver discase could not be explained by any of the
agents evaluated.

Discussion

The potential causes of liver disease in the immunosup-
pressed host are legion (3). Chief consideration must be
given, however, to viral infections and drug reactions.
Hepatitis B virus infection has been the major culprit in
many of the previously reported experiences with liver
disease occurring in patients after renal transplantation
(1, 2, 15). In our unit this virus has been of only minor
significance. Five of the six events shown to be related to
hepatitis B virus occurred before 1972 when the routine
testing of donated blood by sensitive assays for HBsAg
became available. This factor together with the small res-
ervoir of carriers in our unit probably accounts for our

CF Ab® Positive
at Transplant

CF Ab* Negative
at Transplant

Seroconversion

- Number With Onset
Liver Disease
Acute liver disease
(N = 19) ' 8 1 1 0
Chronic liver discase .
(N = 37) 14 23 1 0
No liver disease
(N = 8) 4 4 1 0
Total . .
(N = 64) 26 38 3 0

* Complement-fixing antibody.
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Tabte 8. Azathioprine In Transplant Reciplents
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No Liver Disease Acute Liver Disease Chronic Liver Discasc Total
(N = 100) (N = 24) (N = 38) (N = 162)
Daily dose, mg/kg body weight
<20 39% 42% 249, 35%
2:0-10-2.5 489, 8P o eome 559 48%
2.6t0 3.0 12% 13% 16% 13%
>30 . 1% 8% 5% 3%
Mean daily dosc, mg/kg body weight 21 2.2 2.2 2.2
Leukocyte sensitivity, no. 10 14 32
Cholestasis, no. cee 2 2 4

patients’ relative freedom from infection with a virus to
which only 21 of the 162 were protected by preformed
anti-HBs. We have accepted the presence of anti-HBs in
serum together with normal liver test results to represent
evidence of previous infection with hepatitis B virus and
have presumed that any subsequent liver disease occur-
ring in the absence of re-emergence of HBsAg was caused
by agents other than hepatitis B virus (16). The basis for
this presumption rests on the lack of good evidence that
hepatitis B virus, in contrast to the herpes viruses, is ca-
pable of latency. Four of the six hepatitis B virus infec-
tions were identified by the presence of HBsAg, but two
required the demonsiration of seroconversion to anti-
HBc with or without the appearance of anti-HBs. This
underlines the limitations of using HBsAg as the sole
means of detecting hepatitis B virus infections. The
avoidance of hepatitis B virus infections, moreover, has
not eliminated the serious problem of chronic liver dis-
ease in our transplant unit.

This is the first published assessment of the experience
with hepatitis A virus obtaining in a group of renal-trans-
plant recipients. The prevalence of 60% of patients show-
ing preformed antibody at the time of transplantation is
not very different from that found in a general adult pop-
ulation (17-20). The failure to identify a single instance of
seroconversion for this antibody exoncrates hepatitis A
virus as a causc of liver disease in our patients and is in
accord with other evidence that suggests hepatitis A virus
is associated with ncither a carrier state (21) nor the de-
velopment of chronic liver disease (21).

Serologic and cultural evidence of infection with cyto-
megalovirus is almost universal in renal-transplant recipi-
ents (22-24). Our own results confirm this well-described
observation. The attribution of a cause-and-effect relation
to cytomegalovirus and any clinical event in such patients
is difficult 10 support becuuse of the likelihood that a
documented temporal coincidence has occurred by
chance. At the onsct of their liver disease some of our
patients developed a characteristic febrile illness, which
was accompanied by positive urine cultures for cytome-
galovirus and was followed by the appearance in serum of
antibodies to the virus. Such episodes could be attributed
to cytomegalovirus infection with some confidence. Prov-
ing, however, that cytomegalovirus is the cause of a
chronic discase or one that pursucs a fulminant course is
much more difficult. Even the demonstration that the vi-
rus was still present in a diseased liver months or even
years after infection was first acquired does not prove
that the virus was causing the discase. One of our patients
who manifested no evidence of liver disease during life
was found to have characteristic nuclear inclusions in his
hepatic nuclei on light microscopy and a positive cytome-
galovirus culture from liver tissuc obtained at autopsy 5
months after seroconversion to cytomecgalovirus oc-
curred. Although we have attributed seven instances of
chronic hepatitis and one fulminant episode to possible
infection with this virus, we acknowledge that proof of
this relation is weak and that we may well have overesti-
mated the contribution this virus has made to these cate-
gories of liver disease.

Table 9. Cause of Liver Disease in Transplant Recipients (72 Episodes in 62 Patients)

Agent Acute Episodes Chronic Disease Total
Primary  “Second"” Not Progressive Progressive Indeterminant

Possible cytomegalovirus 12 2 4 3 21
Hepatitis B virus 2 ces 2 { 1 6
Hepatitis A virus oo . 0
Adenovirus .. .. . 0
Epstein-Barr virus er 1 . |
Varicella zoster virus { oee e 1
azathioprine (Imuran) 1 3 ces 4
Other drugs 1 1 e s eee 2
Cf)'p!OCDCCUS ] Ceee e e cee 1
Undetermined 6 3 10 12 5 36

Total 24 10 16 ) 16 6 72

'
Ware et al. ® Post-Transplant Liver Disease

369

Supplied by The British Library - “The world's knowledge”



The prevalence of antibodies 10 Epstein-Barr virus in
our patients at the time of transplantation was quite high.
Moreover, the majority of patients who were initially
seronegative developed such antibodies during the period
of follow-up. This evidence of widespread exposure to
Epstein-Barr virus is in accord with the report of an 87%

rate of positive throat cuitures for this virus in renal-
transplant recipients (25). Only two of our patients suf-
fered a clinical illness temporally associated with Epstein-
Barr virus seroconversion, however, and in only onc of
these was their evidence of hepatic involvement.

Varicella zoster virus and the adenoviruses contributed
little or nothing to the liver disease we have observed.
Although we did not conduct a systematic serologic eval-
uation for evidence of infection with herpes simplex vi-
ruses in these patients, we have no reason to believe that
these viruses contributed to the problem. Previous sero-
logic studies from this unit showed no association
between the acquisition of HSV, antibodics and the de-
velopment of hepatic dysfunction in renal-transplant re-
cipients (24). None of the 48 liver specimens examined by
fibroblast culture produced cytopathic lesions character-
istic for herpes simplex; nor did any of the 14 patients
who were documented to have clinically apparent herpes
simplex infections manifest any associated hepatic
disturbance. The occurrence of herpes simplex hepatitis
is well described in immunosuppressed hosts (26) but
apparently is an uncommon cvent.

Aczathioprine (or its parent compound, 6-mercaptopu-
rine) is known to produce a dose-related cholestatic syn-
drome in dogs (27) and man (28, 29). The dose required
to produce this phenomenon is less in patients with
chronic liver discase than in those with normal livers

(30). Cholestatic episodes attributable to azathioprine oc- .

curred in four of our patients. Onec cpisode was clearly
related to an increase in the drug dose: In-one other pa-
tient the dose was stable, but the patient had underlying
and unrclated chronic progressive liver disease. We sug-
gest that a previously tolerable dose of azathioprine be-
came cholestatogenic when his chronic liver disease had
eroded a critical mass of his hepatic reserve. We have
observed this same sequence in two other transplant re-
cipients with chronic progressive liver disease, but these
episodes fell outside the temporal confines of this study.
The phenomenon is reminiscent of the early experience
with 6-mercaptopurine (the major metabolite of aza-
thioprine) in patients with chronic active hepatitis. A
marked reduction in dosage was necessitated in such pa-
tients by the frequency of hepatotoxicity induced by ther-
apeutic regimens standard for diseases not involving the
liver (30). The two other episodes of azathioprine-associ-
ated cholestasis occurred in two women during the sec-
ond trimester of their pregnancies. It is tempting to spec-

ulate that the well-described interference with organic .

anion transport induced by pregnancy (31) was sufficient
to render a previously tolerable dose of azathioprine ca-
pable of inducing cholestasis in these women.

The immunosuppressive cffect of azathioprine proba-
bly constitutes a very important determinant of the al-
tered response to viral infections exhibited by renal-trans-
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plant recipients. We could provide no evidence, however,
to support the view that azathioprine is directly responsi-
ble for any of the chronic liver disease we have observed.
Therapy with this agent was interrupted for periods of
months in all but one of the patients with a progressive
liver lesion and in half of those whose disease appeared to

be benign. Amelioration resulted only twice. In one pa-
tient chronic hepatitis was clearly caused by hepatitis B
virus and in the other situation, benefit was only tempo-
rary before progressive hepatic deterioration led ultimate-
ly to the paticnt’s death despite the continued avoidance
of azathioprine.

Despite the plethora of medications to which trans-

.plant recipients are cxposed, we were able to explain very

few episodes of liver disease by an idiosyncratic response
to medication. The potentially devastating nature of the
fiver disease has precluded rechallenge trials in these pa-
tients and we have not proved a cause-and-effect relation
in the few instances in which drug reactions have been
incriminated. Nonetheless, presumptive reversibility of
such drug-induced lesions has led us to adopt a policy of
withdrawing all drugs not considered essential therapy in
patients who develop abnormal liver-test values in the
post-transplant period.

Table 9 shows that although we can offer a likely cause
for most of the acute and reversible hepatic lesions no
etiologic agent was defined in 27 of the 38 patients with
chronic hepatitis. None of these patients gave a history of
excessive alcohol ingestion, and alcoholic liver diseasc
was not suggested by the findings on liver biopsy. Sero-
logic markers suggestive of primary biliary cirrhosis or
“lupoid" hepatitis such as antimitochondrial, antinu-
clear, and anti-smooth-muscle antibodics were detected
intermittently and in low titer in only three patients. It is
still possible that this liver disecase is principally the ex-
pression of an immunologic abnormality associated with
organ transplantation. No evidence is available to sup-
port or refute such a hypothesis. We believe, however,
that some, if not most, of these patients have chronic
hepatitis secondary to infection with the non-A, non-B
hepatitis virus (viral hepatitis C). This agent is responsi-
ble for approximately 90% of post-transfusion viral hepa-
titis (32). It shares many of the clinical and epidemiologic
characteristics of hepatitis B virus, although its mean in-
cubation period is shorter (33). Hepatitis caused by this
virus may have a prolonged course and may be associated
with the development of histologic evidence of chronic
active hepatitis and cirrhosis (33-35). Almost without ex-
ception, our patients received blood transfusions at the
time of transplantation. The majority of the episodes of
liver disease began within 6 months of the transplant pro-
cedure (4). Although these data are suggestive, definitive
evaluation of the role played in our patients by non-A,
non-B hepatitis virus must await the availability of tech-
niques for its specific serological identification. It is to be
hoped that, in the future, the capacity to recognize the
presence of this virus in blood will essentially eliminate
chronic liver disease from the list of serious complica-
tions associated with renal transplantation.

370 September 1979 ¢ Annals of Internal Mcdicine ® Volumo 91 ® Number 3

Supplied by The British Library - “The world's knowiedge"



ACKNOWLEDGMENTS: The authors thank Ms. Nancy Gorder, Ms.

Sandra Butler, Ms. Pamela Moore, and Ms. Susan Fogg for their technical

assistance and Ms. Jo Shockley for the preparation of the manuscript.
Grant support: in part by U.S. Public Health Service Grants AM-19329,

Al-

12658, and HL-17269 and by Research Contract DADA 17-73C-3074

from the U.S. Army Medical Research and Development Command.

» Requests for reprints should be addressed to Athol J. Ware, M.B,, BS.;
Department of Internal Medicine, UTHSCD, Southwestern Medical School;
5323 Harry Hines Boulevard; Dallas, TX 75235.

Received 6 April 1979; revision accepted JO May 1979.

References

~

&

(Y3

o

BriGGs WA, Lazarus JM, BirtcH AG, HAMPERS CL, HAGER EB,
MeRrriLL JP. Hepatitis affecting hemodialysis and transplant patients:
its considerations and consequences. Ann Intern Med. 1973;132:24.8.

. ARONOFF A, GAULT MH, HAUNG SN, et al. Hepatitis with Australia

antigenemia following renal transplantation. Can Afed Assoc J.
1973;108:43-50.

. SOPKO J, ANURAS 8. Liver discase in renal transplant recipients. Am J

Med. 1978;64:139-46.

. WARE AJ, Lusy JP, EicensropT EH, LONG DL, HULL AR. Spec-

trum of liver disease in renal transplant recipients. Gastroenterology.
1975;68:755-64.

. CHEN JC, MARSTERS R, WIELAND RG. Diabetic ketosis: interpretation

of elevated serum glutamic-oxaloacetic transaminase (SGOT) by multi-
channel chemical analysis. Diabetes. 1970;19:730-1.

. Gocke DJ, Howe C. Rapid detection of Australia antigen by counter-

immunoelectrophoresis. J Immunol. 1970;104:1031-4,

HOLLINGER FB, DREESMAN GR, SANCHEZ Y, CABRAL GA, MELNICK
JL. Experimenta) hepatitis B polypeptide vaccine in chimpanzees. In:
Vvas GN, CoHEN SN, Scnmo R eds. V:ml Hepatitis: a contemporary
assessment of etiology, epid. 8y I is and prevention, Phil-
adelphia: Franklin Institute Press; 1978:557-67.

. HOLLINGER FB, BRADLEY DW, DREFs\xAN GR, MELNICK JL. Detec-

tion of viral hepatitis type A. Am J Clin Pathol. 1976;65:854-65.
SKINHOJ P, MIKKELSEN F, HOLLINGER FB. Hepatitis A in Greenland:
importance of specific antibody testing in epidemiologic surveillance.
Am J Epidemiol. 1977;105:140-7,

. Casty HC: Adaptation of LBCF method to microtechnique. In: Stan-

dardized Diagnostic Complement Fixation Method and Adaptation to
Micro Test. Washington, D.C.: U.S. Government Printing Office; 1965.
(Public Health Service Publication No. l228).

. HENLE G, HENLE W. Immunofluorescence in cells derived from Burk.

itt’s lymphoma. J Bacteriol. 1966;91:1248-56.

. BAGGENSTOSS All, SoLowaY RD, SUMMERSKILL WHJ ELVEBACK

LR, ScnoenpELD L), Chronic active liver disease: the range of histo-
logic lesions, their response to treatment, and evolution. Hum Pathol.
1972;3:183-98.

Brack M, MrtcHELL JR, ZIMMERMAN HJ, IsHAK KG, EPLER OR.
Isoniazid-associated hepatitis in 114 patients. Gastroenterology.
1975:69:289-302.

. TONDER M, NorpoY A, ELaio K. Sulfonamide-induced chronic liver

disease. Scand J Gastroenterol, 1974;9:93-6.

PIRSON Y, ALEXANDRE GPJ, VAN YeeRrstLE DE STRIHOU C. Long-
term effect of HB, antigenemia on patient survival after renal transplan.
tation. N Engl J Med. 1977;296:194.6.

16.
17,

20.

21,
22,

23,
24.

25.

26.

217

28.
29.
30.

31

32

33

34,
3s.

NAGINGTON J, CossART YE, CoHEN BJ. Reactivation of hepatitis B
after transplantation operations. Lancet. 1977;1:558-60.

MAYNARD JE, BRADLEY DW, Hornaeck CL, FieLos RM, Dorro
1L, HOLLINGER FD. Preliminary serologic studies of antibody to hepati.
tis A virus in populations in the United States. J Infect Dis.
1976;134:528-30.

SzMUNESS W, DIENSTAG JL, PURCELL RH, HARLEY EJ, STEVENS CE,
WoNG DC. Distribution of antibody to hepatitis A antigen in urban
adult populations. N Eng! J Med. 1976;295:755-9.

. SzMUNESS W, DIENSTAG JC, PurceLL RH, PRINCF AM, Sn-_vans

id

CE, Levine RW. Hepatitis type A and h dialysis: a ser -
logic study in 15 U.S. centers. Ann Intern Med. 1977,87:8- 2.
Gust ID, LEuMANN NI, LucAs CR, FERRIS AA, LOCARNINI SA,
Studies on the epidemiology of hepatitis A in Melbourne. See Reference
7, pp. 105-12
MosLEy JW. Epid

logy of HAY infection. See Reference 7, pp. 85-

104.

FiaLa M, PAYNE JE, BERNE TV, et al. Epidemiology of cyt lovi-
rus infection after transplantation and immunosuppression. J Infect Dis.
1975;132:421-33.

NAGINGTON J. Cytomegalovirus antibody production in renal trans-
plant patients. J Hyg (Camb). 1971 69:645-60.

Lusy JP, BURNETT W, HuLL AR. WARE AJ, SHOREY JW, PETERS
PC. Relationship between cytomegalovirus and hepatic function abnor-
malities in the period after renal transplant. J Infect Dis. 1974,129:511.
8

CHANG RS, LEWIS JP, REYNOLDS RD, SULLIVAN MJ, NEUMAN 1.
Oropharyngeal excretion of Epstein-Barr virus by patients with lympho-
proliferative disorders and by recipients of renal h grafts. Ana Intern
Med. 1978;88:34-40.

HoLpswoRrTH SR, ATKINS RC, Scorr DF, HAYES K. Systemic herpes
simplex infection with fulminant hepatitis post-transplantation. Aust
NZ J Med. 1976;6:588-90.

HAXHE JJ, ALEXANDRE GPJ, KESTENS PJ. The effect of imuran and
azaserine on liver function tests in the dog: its relation to the detection of
graft rejection following liver transplantation. Arch Int Pharmacodyn
Ther. 1967;168:366-72.

SHOREY J, SCHENKER S, SUK! WN, CoMmbes B. Hepatotoxicity of mer-
captopurine. Arch Intern Med. 1968;122:54-8.

SPARBERG M, SimMoN N, DEL GRECO F. Intrahepatic cholestasis due to
azathioprine. Gastroenterology. 1969;57:439-41,

MisTiLLis SP. Chronic active hepatitis. In: SCHIFF L, ed. Diseases of the
Liver, 4th cd. Philadelphia: J.B. Lipincott Co.; 1975:808-14.

CoMBES B, SHIBATA H, ADAMS R, MITCHELL BD, TRAMMELL V.
Alterations in sulfobromophthalein sodium-removal mechanisms from
blood during normal pregnancy. J Clin Invest. 1963;42:1431-42,
ALTER HJ, PURCELL RH, FEINSTONE SM, HoLLAND PV, MORROW
AG. Non-A/Non-B hepatitis: a review and interim report on an ongoing
prospective study. See Relerence 7, pp. 359-69.

AACH RD, LANDER JJ, SHERMAN LA, et al. Transfusion-transmitted
viruses: interim analysis of hepatitis among transfused and nontrans-
fused patients. See Reference 7, pp. 383-96.

KoreTz RL, SUFFIN SC, GriNick GL. Post-transfusion chronic liver
disease. Gastroenterology. 1976,71:797-803.

KNODELL RG, CONRAD ME, IsHAX KG. Development of chronic liver
disease after acute non-A, non-B post-transfusion hepatitis: role of ¥
globulin prophylaxis in its prevention. Gastroenterology. 1977;72:902-9.

Waro et al. ® Post-Transplant Liver Discase

371

Supplied by The British Library - "The world's knowledge"

LIT.001.1059



