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Evolution of Hepatitis B Virus Liver Disease L

After Hepatic Replacement

Practical and Theoretical Considerations

A. J. Demetris,” S. Todo,t D. H. Van Thiel.s
J.J. Fung.p Y. lwaki,t G. Sysyn,x W. Ming,”

J. Trager,t and T. E. Starzly

From the Departmerst of Pathology,® Division of
Transplaniation,* and the Department of Surgery,¥
Preshyterian University Haspital, Uriversity of Pittsburgh,
Pitisdurgh, Pennsyivania

The morphologic evolution of bepatilis B virus
(HBV) liver disease in 43 heparic allograft recipi.
enss who were HBV surface-antigen positive ( HBs.
Agt) at the time of liver replacemens and who sur.
vived for more than 60 days was studied by routine
bistologic and immunocytochemical analysis of se-
rial pathology specimens. The findings in these pa-
tients were compared to a control group of 30 indi.
viduals who were immune ro the HBY (anti-HBs
antibody positive). but requtred hepatic replace.
ment for other reasons. Eight of tbe fortyfive
(18%) HBsAg-positive patients bave no serologic
svidence of HIBV reinfection after transplantation,
All 37 remaining patients are reinfected: 21 (47%)
developed cbronic active bepatitis and/or cirrbo-
sis, 3 (7% ) developed submassive necrosis. and 6
(14%) developed chronic lobular bepatitis, One
pastent lost ber graft to chronic refeceion, despite
reinfection with the B virus. Four other patiants
(9% ) developed a chronic carrier stare. No long-
term follow-up biopsies were available in tbe re-
maining two patients. Tbe bistologic features asso-
ciated with dysfuncrion relaied (o recurrent HEY
infection evolved from an acuse to chronic pbase
and were similar to bepartris 8 seen in nonallo.
grafied livers. Furtbermore HBYV-related lesions
could be separated [rom refection using rousine
histology alone. The only exception to tbis conclu-
sion was the occurrence of a pecultar HBV-related
lesion in two recipicnss, described beresn. nmuno-
bistochemical analysis demonsirated the presence
of viral antigens in almost all cuses. Hepatic in-
flammation aiso was commonty present dx;n‘ng
HBY disease and conyisted mostly of accessory cells

and T lympbocytes. Analysis of the effect of major
bistocompatibility complex matching revealed no
clear association batween the number of class [ or
Il matches or mismarches and ihe development, or
pattern, of active bepatitis in the allograft, Peculiar
patbologic alterations in several of the biopsies and
Jailed allografts after HBV reinfection suggests
that, under spectal ctrcumstances, wze R virus may
be cytopatbic. (Am ) Patbol 1990, 137:667-676)

The raticnale of using liver replacement as therapy for a
disease such as hepatitis B virus (HBV}-induced cihosis,
which predictably recurs in a high percentage of patients
after ransplantation, is debatable.’ Nevertheless some
of these recipients wil clear the virus and othars will
evolve into ¢hronic cariers, with little or no disease activ-
ity, and thus benefit from liver transpiantation. > One can-
not question, however, the value of the information ob-
tained {rom studying these petients o gain insightinto the
pathobiology of hepatits B.

Most known immune effector mechanisms have, at
some time, been ‘mplicated in HBV-induced iver damage
because the virus itseit is thought to be unable to directly
injure hepatocytes.'®'® Presently the consensus opinion
suggests that cetlutar immunty is primarily respansible for
HBV-associated liver damage and humoral immunity pro-
tects the liver from infection or reinfection when the visus
enters the biaoa stream. ™™ An ursubstantiated conten-
tion suggests that class | major histocompatbility com-
plex QVHC-restricted cytotoxic T lymphocytes (CTL) di-
rected against the cara antigen on the hepatocyle mems
brane are thought fo lyse the virally infected cells.™
However MHC class I (OR) resticted generation of T-
heiper call unction (via accessory cells) also appears to
be impontant because he development of the final effec-
tcr pathways (CTL and anlibodies) is dependent on this
rate-limiting step.'® One must remember that the newly
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Table 1. Pathologic Manifestations of Hepailits 8 Viral
Liver Disease and Distribution of Native Diseases in
the HBsAb-positive Group

Oispnsa HBsAg+ HBsAb-r
CAH with crthosis 34 24
Submassive

nectasis 7 3
CAM/cimhosis and

hepatoma 4 2
Secondary biiary

cimhess 0 1
Total L) 30

" Most of these patients were prosumad 1o have non-A, NG CAH
or ryplogenic GIoss.

placed liver may be only partialty MHC matcned or even
be totally MHC incompatible.

The following study had three goais. The first was to doc:
ument the pathologic evoiution of HBV disease after liver
replacement and identify histopathologic features usetui for
the diagnosis and management of these recipients, The sec-
ond was o analyze the mmunopathdogic findings assoc-
ated with recurent HBV cisease in the zlograft. The third
Qoal was 10 study the effect of MHC matching or mismaiche
ing on the evalution of the disease after iver replacement.

Patients and Methods

Two groups of patients were setected for study. The first
consisted of hepatic allograft recicients who were sero-
logically HBsAg posttive at the tme of fiver ransplantation
and survived for more than 60 days after the operation
{n = 45). The second, or control group, consisted of 30
patients who were given fivers because of nonB acute or
chronic liver cisease, but were immune to the HBV (ank-
HBs posilive, H3sAb+). These patients also suvived for
at least 60 days after ransplantation. The distibution of
the native liver diseases in both groups is shown in Tabie
1. All the patients recewved their pimary alegraits be-
tween January 1881 and July. 1988; follow-up ranged
from 18 months (0 more than 8 years.
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All of the HBsAg-positive patients were treated with vart-
ous modakties in an attempt to clear the HBV after liver re-
placement; Hepatitis 8 immune Gloouin (HBIG. Abbott Lab-
oratories, Novth Chicago, IL), HBIG pius Hepatovax (HBVx,
Merck, Shap & Dohme, West Paint. PA), o¢ recombinant
alpha interferon (Intron A, Schering Corp, Kentworth, NJ)
were the treatments used. Three doses of HBIG (100 mif
dose) were given infravenously, ntrapperatively ouring the
anhepatic phase, after completion of the operatlon, ang 1
monthiater, When possible the three monthly spaced doses
of HBVx were given before transplantation or completed af-
ter the coeration in those wha required more immeciate liver
replacement, The alpha interferon was administered for 2
weeks before and for 6 weeks after transplantation. The
HBV serolagic profie for both groups of patients is shown
in Table 2. Twelve of the patients were serlogically cositive
tor antileita agent antioodies,

All pathalogy specimens (Table 3) were obtained at
the discretion of the clinical physicians and were fixed in
neulral buffered formalin, ambedded in gatafln, ssc-
tioned at 4 x. and stained routinely with hematoxyiin and
eosin and trichrome. in addition, a8 e specimens from
the HBsAg-posttive group and those from the control
group with a ‘hepatitic’ histology were stained for the
presence of HBCAG and HBsAg with commercially avail-
able resgents {DAKO, Caminteria, CA) using stendard
avidin-biotin-complex methods (Vector, Burlingame, CA).
The tallea aliograit specimens from the HBEAG-positive
group werg also stained for acoessory cells (Mac 387,
DAKOQ), 7 calis (LB0. Secton-Dickinsan; Mountanview,
CA), B cells (L26. JAKQ), nterdigitating reticulum celis
(S100 proten, 0AKQ), beta-2-microglobuiin (DAKO), and
oM anc i3C (DAKO). Appropnate formalin-fixed, paratfin-
embeddec positiva control issue for the immunohisto-
chemical studies wars included Fer T. B, interdigitating,
and accessory cells, tonsiliar issue was used; for the hep-
abtis antigens, known positive liver tissue was stained.

Results

Serology and Clinical Course
After Transplantation

Briefly, in the HBSAQ-poSitive group, eight of the atients had
NO Serologic or tissue evidence of the HBV surface antigen

Table 2. Prerransplantation HBY Serologic Profile of Patiernt Groups

Bafore transpiantation . Alfter transplantation *

Serologic marker HBSAG+HT HBSAD+ HBsAg+/HBeAg+ HBSAg+ HBeAg— riBsag~
HBRAg=. HB2AG+, HBeAL—~ 18 v} 16 2 0
HBsAg+, ABRAg+. HBeAD+ 3 (o} 3 0 o]
HBSAgT, HBeAg—, HBOAL+ 17 9 3 [ 8t
HBSAQ+, HBeAg—. HBeAb— 7 0 4 1 :
HBsAg—. HBsAb+ 0 30 - -_ X
Total 5 30 8 39 33

* Atleast 18 monthe of follow up «1 SUNVOrS.
t Aol ha HBSAgY patients were onti-Be positive a5 wel.

+ Oespita s£roI00ic Clearance of the HBSAQ, only dwee pasents became anti-HBs positive.
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Table 3. Number of Patients and Number of Types of
Patbology Specimens Obtained After Transpianiation

Patente and Specimens, HBsAG+ HBsAL+
Yotal patients 45 30
Liver biopsies 177 13
Faied alogratls 14 8
Adopsias 4 1
Specimens obtained after

60cays 102 57
Tota patnology soecimens 195 122

and remained negative and disease free with 2 minimum
iollow-up of at ieast 1.5 vears. Presumably hese patients
have clcared the virus. Al of them were HBeAg negative
before transpiantation and six of the sight were positive for
antiHBe. Six of the eight wese treated with & combination
of HBIG and HBVx, one was given FN alone, and the re-
mEring patien: was not treated at ai. Despite apparent
‘ceamg’ O tne vius by serum enfigen assays, only three
converted {c ant-HBS seropositvity. ™

Four other patients, athough still serologically HBsAg
positive after liver repiacement. neva bean stabie and ap-
peared 10 have gvolved as chronic carmers with minimal or
no evidence of liver enzyme elevations. In the temaining
patients (n = 33), recurrent infection with serclogic ev-
dence of disease aclivity of varying severity was seen.
Other than the absence of the e antigen befare ransplan-
tation. no clinical or serologic parameter could predict
which patient would Glear the virus. in genera, the eflect
of treatment modalities were difficult to evaluate, afthough
six of the eight patients, wio apparently have cleared the
virus atter transplanation, were given this regimen, Atthe
time of writing, 15 of 45 (33%) of the HBsAg-positive pa-
tianls who survived for more than 60 days have died.
Eleven died bacause ot mulliple-organ failure associated
with recurrent HBV infection, tnree 10 recurient carc
noma, g ot whorm had recurent CAH and one from an
intracerebral bleed.’” Greater Oetail into the clinioal
course, serology, and eftects of the various treatment mo-
dalities will bo presented eisewnere,"”

in the HBsAb-positive group, only six patients (20%)
developed any serologic evidence of hepatic injury. which
higlologically was diagnostic or compatible with a viral eti-
dogy. None of the HBsAb-positive patierits became HB-
SAg positive after transplantation. Cylomegalovirus
(CMV} was identithed as the causa ot dystunction in four
and the two othe-s were presumadc 1O have non-A.non-B
hepatitis,

Atthe timo of writing, 6 ot the 30 (20%) HBsAb-positive
patients died. Sepsis with mutiple-organ failure (n = 3)
and recurment carcinoma (N = 3) were the major causes
of late death.”

Histopathologic Evolution of Disease

HEBsAg-positive Patlents

For convenience of comparison, the postoperstive
course was saparated into three time periods (0 to 60, 60
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10 300, and more than 300 days) based on our previous
experience with HBsAg-positive patients.? Acute cellular
rejection and liver damage associated with preservation
of the organ™® were the most trequent diagroses in the
first 60 days, with most episodes of acute celludar rejec
ion occuming in the first 30 days. Acute hepatitis or acute
with transition to chronicity was the most common diag-
nogis between 60 and 300 days. Thereafter a ehrenic car-
nier state or CAH and/or cirthosis represented the disease
manifesiations associated with persistent infection of the
aliograft with HBV. Each of these time periods Is dis-
cussed in more detall below.

Episodes of acute celular rejaction (ACR) were histo-
logicaly documented in 25 of 45 (56%) patients and ail
except two occurred within the first 30 davs and were
responsive 10 sterokds andjor OKT3 therapy. The histos
logic appearance was similar 10 that previously re-
portec.3-¥ in these specimens. only minimal lebuiar activ-
ity was seen and tissua stains for HBY antigens were ei-
ther negative or showed focal cytopiasmic and/or nuclear
positivity for core antigen, although surtace antigen coulc
be detected n the sera of some of these patients, Two
ot the patients developed CMV hepatitis after successiul
treatment of rejection, both of whom responded 1o low-
efed mMMuNOSUPpPression.

Only one patient developed a Iate onset of ACR (at
549 days), associated with a reduction of immunosup
pressive therapy because of pregnancy; the diagnosis of
ACR was made pathologically despite the presence of
core antigen in almost every hepatocyte nucieus, as cem-
onstrated by immunoperoxidase staining (Figure 1). Ab
though this patient transientty responded to increased im-
munoguppressive therapy with a decrease of portal in-
flammation on biopsy and improvemem of serologic
parameters of liver injury, she lost her graft 46 days later to
chronic rejection, Examingtion of the failed gramt reveaied
findings typical of chronic rejection with severe blle ougt
loss and obliterative arteriopathy (Figure 1). Fewer hepa-
10Cytes canidined nuclear goro antigan, and those that
were infected were found predominantly in the centrilobu-
1ar regions.

During the 60- to 300-day penod and thereafter, the
biopsies represented the morphologic consequences
and evolution of persistent HBV infection of the alfografts.
Esrly Inthe 60- 10 300-day time siol, the histotogic findings
were typical of those reported for acute viral hepalitis in
nongrafied livers. inftialty there was Kupffer call hypertro-
phy and spotty acidophiiic necrosis of hepalocytes ac-
companied by a mid lobutar mononuciear infitrate. Vary-
ing degrees of obular disamray, hepatacyte bakooning,
and 3 mid pertal and/or tobutar mononuclear mfilvete
{Flgure 2) soon foliowee. Nelther bile duct damsge nor
subendothedial infiltration of portal or central veins, such
as that seen in acute celiular rejection, were prominent
featres. The only apparent difterence between these

P. 04
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Figuro 1, Resection of an aslograft can he diagriosed bixtologicaliy, despite infection with rde B virus. A: Needle biopsy of allograft
349 aftyr transplantation with acute Celiuldr refecrion und nfeciion with the 8 virus (ervowbead) (immunoperoxidase [IPEX]

r HIsSAg, originat magnification X 300). B: Same biopsy as in A shows panlobular expression of HB¢Ag i bopatocyts nuclei
(IPEX for HDBeAR. ariginal magnification X300). Note the confinement of the infltrate to the portal triads, bile duct damage
(arrows). and lack of ptecemeal necrosiy, C. Several wevks afier steyoid therapy for rufuction, 200 portal exllularity diminishod
(HEE, originat magnificacion X 300). O: Unfortunutely, this patiant (08t ber graft 46 days later 20 cbronic “ejection [ 1PEX for
Mav 387, original magrification X 48). B: tiigher-power view vfO demonsirares the ioss of bile duct with resiaual porwal nflam.
mation (IPEX for dax 387, original magnification Xd80). Noux the lack of tnic Jduers, Girrbosis. ongoing pivcumeal necrosss,
and Mac 387+ accessory cells in D and € asopposed to the prominence of these findings in Jalled grajes with CAtY/ cirrdasts from
HOVPT. porcal srac:: se¢ Figure 6). F: Prominens oblizerative arteriopachy was seus in chis graft as well,
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figure 2. Thr txpical appearance of acule HRY bepatitis was
similar to that svent 92 nonallograft lirers and ums cberacter-
ized by a monwmcivar poral andyur lobuiar sufilirale, lohu-
lar disarray. and bepaiocrie uccrasis. Note the lack of biie duct
rlr;l(;;;‘m~ tarvan: o, ponal traci HGE. original magnification
X 3007

lindings and those seen in nonallograft livers with acute
hepatitis was 2 greater degree of Kupfter cell hypertrophy
and less inflamemation. During the latter stages o this time
period. changes of acute hepatitis overtapped with thase
ponending chrorkc disease, which included a greater ge-
gree of portal infiammation, portal-ponal and partal-cen
trai Bridging. and piecemeal necross.

No change of mmuncsuppressive therapy was insti-
luted nmost of hese patients atier ihe diagnosis of acute
nepaitis, except for the frst few patients, who were re-
ported on previously.? In others, In whom no change in
therapy was instituted.? a typical clinical course followed.
The following 15 one example. Palient 1 presented 185
days after transplantations with ALT of 1627 (n! < 50 {U),
AST 1867 (nl < 40 ), and malsise. A biopsy clagnosis
of acute HBV was made. No particular therapeutic inter-

~ - MR, o N Sen
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vention was taken and 4 weeks later 1he levels of ALT
and AST normalized. Me again presented at 644 days with

- mildly elevaied transarninases, at which Ume a biopsy di-

agnosis of chronic active hepatitis B was made. By 1293
days the patient developed jaundice, encephalopathy,
and severe portal hypertension. He was given a new hiver.
The falled allograft wes cirthatic, No obliterative aneriopa-
thy or significant duct loss were seen. Several other pa-
fignts, however, experienced progressive caterioration af-
ter $ho initkd onset of hepatic dysfunction and either diec
from hepatic failure or had ta be given new Invers (see
below).

Thase palients whe survived for longer than 300 days
with the same aliogralt demonstrated changes in later
Bver biopsies of unresoived or ‘chronic” icbular hepatitis,
carrier state. or ongoing CAH with progression toward cir-
thosis. The major teahres of those with active disease
were portal lymphohistocytic and plasmacytic inflamma-
tion with piecemeal necrosis (Figure 3). Again the
changes ware simiiar 1c tnose reporied for nonallograhied
ivers ana no significant tile duc: camage nor susendo-
thelia! infitsaiion was seen.

There were two cases. however, that were similar 10
each other and different from the rest and {rom nonalio-
grafted livers that mert speciai description because of
their unique clinic cowrse and histopathologic indings.
Clinically the first patient developed mild acute hepalitis
at 271 days that spontaneously resolved. He remsined
intected. Because of this, he was freated with FN, our
again presented at 349 days with severe acute hepatitis,
which rapidly progressed tc iiver tailure and nepalic
coma, requiring retransplantation an the 378th day. The
second patient was well aner fiver replacement until he
presented &t 115 days with nauses. vomiting, and ab-
dominal pain. A liver biopsy diagnosis of acute hepatitis
with severe centritobular ballogning was made. He rapicly

sl ATy T U .,

Figure 3. The bistologic appearance of CAl alsu wa> similar to ibat sven in nonallograft livers. A1 Needie biopsy 1.5 years aficr

transpianation. Notv the actinty al the Livxiting piate. tbe bridging poral forosis, and the lock of bile duct damage (arrow, HGE,

original magnification X 120/, 8: R

wer vivie of A illustrating tha

periporial aclivy, (niace bile duct (arrvw ), and wprassion

of HHcAg tarrowbead, IPEX Jor HBcAg, original magnification X 300) pi, porsal 1ract.
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arnd porial-contral distribution of swollen and degenovating bepamcytes, paucity of bflammatton, and nodules of beaithy appear-
ing hepatocyivs ( H-L, ariginal magnification X48). B: Yote tdac the viral antigen exprawyion islargely resiricted i the degumevating
hepatocyies, where poth nuciear and cytoplasmic core untigens were detecied (1PEX for HBecAg onginat magntfication X 120) The
insel (IPEX for HBcAg, original magnification X480) shows tby sharp demarcation hetueen the infected degencraring colls and

noninfected more healiby-appearing ones. p, portat: ¢, central,

progressad to fiver failure in the next 16 days, necessitat-
ing retransplantation. Untortunately both patients died
within 1 week of retransplantation from muitiple-crgan fail-
we and sepsis. Examination of both failed primary allo-
grafts revealed marked centriobular hepatocyte balloon-
inQ 8nQ chalastas:s with ceniral-cantral and cantral-por
i@l architectural collapse (Figure 4). There was only 3
scant focal mononuclear portal infiltrate and few. if any,
lymphocytes were presant in the distribudon of injured he-
patcoytes, § was as if the virug itself was responsiole for
the hepatocellular degeneration. Neither of these patients
were positive for the Zelfta agent. Interastingly both were
completety mismatched atal A, B, and DR MHC laci (see
Effect of MEC Malching).

In addition, there was cne other patient who expert
enced iuiminart hepatic failure in o consecutive allo-
graits. After the first transplant, he presented at 223 days
with severe acute hepatitis. Immunosuppressive therapy
was lowered and the liver faled 19 days later, at which
time it was repiaced. The patient again dio well initially but
secame il only 89 days after placement of the second
grait. Severe acute hepatitis, histologically indistinguish-
able irom that seen in the first graft, was cocumentec cn
biopsy. He died 15 days tater because of hepatic and
subsequent multiple-organ faiiure. The histology at infial
presentation in both grafts was characterized by a brisk
lobular inflammatory response, disarray, and hepatocyte
necrosis typical of that seen with severe acute hepatitis.
All three of these patients (two above and this one) had
chrenic active disease with cithosis in their rulive livers,

Finalty there were eight patients who apparenty had
cleared the HBV aiter iver replacament. Minimal patho-
logic changes were seen in six. one had ongong lym.
phocytic bie duct injury, and the [ast patient had low-
grade chronic active hepatitis and was serologicaily posis

tive for antibodies ‘o the hepatitis C virus. A summary of
the evolution of the HBV disease is shown in Figure 5.

Delta agent coinfection did not noticeably alter e
course of HBV kver diseass after transpiantagon. Of the
12 patients who were positive, 4 cleared the HBV, 7 devel
oped CAH, 1 of whom nas apparently cleared the virus
after his third manspiant, arxd 1 developed chronic lobutar
hepatitis.

Seven patients were given new livers after their first
grafts succumbed {o hepatitis B. Three diec withn 2 weeks
of retranspiantation because of muitiple-organ failure, inter-
estingly the second graits i Ihe four cthers again aavel-
oped severe HBV Iver disease, confinmed by biopsy, ot
‘i aimost exactly one haif ihe lime sbserved for the first
graft. One of these latter patients developed chronic hepe-
iitis, during which he apparently Cleared the virus (serokogi-
cally and immunchistochemicaly) and eventualy lost the
graft 20 chioaio rejection. He remains free of the 8 virus 3
monts after placement of his third iiver.

HBsAb-positive Patients
The histolegic findings n this group of patients was
similar Yo those seen in the HBSAg-positive group during

nﬁ"";fn CAH/CUrThosta( )
ec THOBIB(NO. 2 {
Cahlre.-00) & u-:M .
_-SubmassNecrosisino. «§)
New Liver(ng. 48}~ AH
Crvonie Lotulur

EHF{no.«7) Hepatitis (no.+6)
HBsAg Free

{no.=8) Chronrc Gasrigr{no.~e)

Figurs 5. Evolwion of HBV disease afrer hver replacement
based ort grafi survival of more daan 6O days. * The first bropsy
n some paticnss demonstrared CAH. Is s wncertain whetber
ey wontt through an acute depatilis pbase. ™ Two of these were
secondary grafn and occurred int patients who 105t thvir first
grafts ta HBV. *** N long-ierm biopstes were available in two
Dpatienss, tOne of thusa was a secondary graft in a pattent wbo
los¢ bis frst graft so HEY.
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Table 4, Causes of Graft Failure Based on Clinicopatbologic Analysis of Specimens Qbrained

at the Time of Retransplaniation

HBsAg—r HBsAD+
Cause of graft faiure N Survivai days N Survival aays
Submassive/massive necrosis * 3 131378 Q
Chronic active hepatitis/ctrhoss 4 203-2074 0
Chronic rejection 2 258-632 a7 72-1021
Hepatic aftery trwombosis 4 -3 2 2-3%8
Primany nonfunctioning 1 18 2 4-28

* These Uwee patients are from the group of five grats that tased because of uiminan hepatc taiure secondary to subMassive NECrOSS.

1 Trwee of (hese arins were from tne same patents.

the first 60 days. Acute ceilular rejection was histologically
verlfied in 20 of the 30 patients (67%). all of whom re-
sponded to artirejection therapy. Four of the patients ge-
veloped CMV hepatitis after treatment of rejection, which
resoived with temporary lowering of the mmunosuppres-
Sive regimen.

Thereatter {2fter 60 days;) the histologic findings and
diagnoges diflered dramatically from those of patien's in-
feoted with the B wirus. The predominant findngs in fol-
low-up biopsies in this group were nonspecilic changas
(n =~ 13) or chrorse portal inftammation with or without
ongoing bie duct camage (n = 10) and littie or no ew-
dence of piecemeal necrosis, consistent with an ongoing
rejection reaction or chronic persistent hepatitis. Four ot
he grafts were eventualy lest to chronuc rejection. Two
HBSAD-positive patients, however, hac biopsies in this
time period, which were simiiar 10 those geen in the HES.
Ag-positive group. but no HBV antigens were detected
serologically or immunohistochernically, Both were diag-
nesed as hepatitis pathologically. One lost his gratt et 150
days from chronic rejection and the ather is stil being fol-
fowed. The rernaining five patients have shiown little or no
evidence of allogratt dystunction and no long-term foliow-
up biopsies were avaitable.

Failed Allogratts

There was a total of 22 tailed ¢rafts removed at the time
of retransplantation from the two groups: 14 from the
HBsAg-positive snd eight from the HBsAD+ patients. The
causes oi graft failure are shown in Table 4, Pathologicalty
it was not diffioult to differentiate between the various etiol-
ogies. Nonimmunologic causes of graft fallure were sim-
ilar between the two groups. Hawever graft loss from hep-
atitis andfer cirthosis was seen only in HBSAg-positive pa-
tients. None of the grafts removed from the HBsAb+
group, or because of chroni¢ rejection from elther group
of patients, was cirrhotic.

Immunopathologic Studies

All but one ot the 87 patients in whom the HBsAq reap-
peared in the serurn after transplantation had tissue de-

posits as well. The first evidence of MBV antigens in the
allografts was the presence of HBCAQ in the cytoplasm
and/or nucleus within 3 weeks after ransplantation in one
case. Duiing episades of acute hepatitis, HBV antigens
were usually detected in the allografts.'® There was a
gradus! increass in the numoer of positive cases and by
250 10 300 days all but one of the patients who were HBs-
Ag-positive ang who had a late biopsy after transplanta-
tion had tissue deposits of HBV antigens. '®

After reinfaction, there was a graoual increase in the
percentage of hepatocytes containing HBCAG. both
nuciear and cytoplasmic, particularly during the evolution
of acute o chronic disease. Nearly ali patients who deve!-
oped CAH continued to express cyloplasmic HBCAG.
Among the chronic carriers {n = 4; 3%), generalized cy-
toplasmic HBSAG was seen in one, while the three others
showed generalized nuciear Gore antigen and {ewer cefs
with cytoplasmic HBSAG. *® In those patients with progres-
sve disease, & gradual deciease n HBcAg+ cells and an
increase in the HBsAg-positive ones was found.

One of the two peculiar cases mertioned previously
demonstrated paniobular expression of HBCAg+ al 271
days and at the time of graft failure (378 days) nuciear
and cytoplasmic core antigen staining was limited to the
deganerating centrilobular hepatocytes (Figure 4). More
healthy appearing clusters of hepatocytes were generally
located in zona 1 of the acinus and only some cels con-
tained nuclear HBCAQ.

Inthe failed allografts with CAH/cirhosis, infltammatory
celis in the portal tracts and lobules contained a predomi-
nance of T celis (L60+), aithough appreciable numbers
of IgG- and igM-containing plasma celis were present in
the portal spaces in some cases as well. A conspicuous
finding was the large number of imegular- and gendritic-
shaped accessory calls (Mac 387+) present in the ufuds,
especially al the edge oi the limiting piates in areas of
plecemeal necrosis (Figure 6). These cells also were ¢on-
spicuoUs in the lobules in ereas of active hepalocyie ne-
crosts, Despite the large number of Mac 387+ cells. there
were only a tew S100+ cells in the triads and these were
located in the center of the triads.

Beta-2-microgiobulin expression was difficult te inter.
pret but appeared (o be present on the hepatocyte sur-

P.08
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Figure 8. A: Tbe most imprysste fndiig on immunobistochemical staining jor inflammatory cells was the presence of many acces-
sory culls in the poriai tracts and at tbe imiting plate in allografts thas fatled becauses of CAH/¢ctrrbosis (IPEX for Mac 387, originat
magnification X §8). Notu the istaci bile ducws farrows). B: Highor-oower of A demonstrading the aolicity at the limiting plak (IPEX
Jor Mdc 387, oniginal magnification X $40;. Compare thise pbotomicrographbs to those in Figure 1, which uwere stamed fur Muc 387

and in which rejecrion was the curcse of graft failure, altbough tbw graft was infected.

face membrane in a paniobular distribution in grafts that
falleg from acute hepaltis, whereas in those with CAH
and/or cirmhosis, the staining was generally restricted to
the edge of the icbules/nodules in arees of ongoing
plecemeal necrosis. Bile ducts and endothelia generally
were positive.,

Effect of MHC Mismatching on HBV Disease

Complete donor and recipient MHC profites were avail-
able for 35 grafis. and in thrae others the class [ antigens
were typec but the DR antigens could not be classified.
The effect of mismatching at the vanous MHC loci on grait
survval is shown in Table 5. Most of the patients were
mismaiched at cne or more class | and | MHC loci be-
cause no attempt was made 16 prospectively mateh the
livers and recipients. No particular effect was noted for
class | rnatching or mismeiching other than two peculiar
cases, previousty described, who were completely mis-
matchead at all A. B, and DR lodt, 1 should be nated, how-
ever, that there ‘were four ather patients who were mis-
matched at all six lo¢i, three of whom have developed
CAH and/or cirrtrosis, and one has chronic lobular hepati-
s on last biopsy. There were only two patients com-
pletely malched at the DR locus: one gvoived inlo a

Table 5. Lffect of MHC Mismarching on Allograft Survival

chronic carrier and the other had low-grade chranic lobu-
lar hepatitis at last follow-up, By contrast, there was one
patient who becarne a chronic carier who was mis-
matched at both DR loci. Overall there was no stalistically
significant association between the degree of matching
or mismatching at ciass | or I MHC antigens and the oc-
currence of what appeared to be acute or chroniC hepau-
tis in the allograft

Discussion

The first godt of this study was to document the evolution
of HBV liver discase after nepatic repiacement. The re-
sults are best summarized in Figure 5. As might be ex-
pected, recumrent infection of the afiograft occurred in 37
of 45 palients (82%): In 24 patierns (53%), reinfection re-
sulted in serious disease in the form of chronic active hep-
atifis (n = 21; 479%) or submassive necrosls (n = 3; 7%).
The remaining patients had 2 histology at the last falfow-
up that coudd be classified as chronic lobutar hepatiis (n
= §; 14%) or chronie carrier state (n = 4. 9%): the long.
lerm outiook for these patients has yet to be determined.
No lang.term pathologic follow-up was available in two
patients, who are stit alive 842 and 999 days after rans-
plant.

M_-'lc mismatehes
0 1 2
A 2(1221)/1 (209) 3 (241)/11(819) 6 (800)/10 (770)
MHC 8 0(=)0(-) 4 (285)/7 (696) 9 (585)/15 (697
e OR 0(-)2(798) 5(482)/7 (877) 7 (822)111 (802)

Nurnbwm rafar 10 numder of Ralea grafts/functioning grafts with aumbers in parentheses idenlitying mean Gucvival imes n dayx. Ondy one gaf hat
he "

{2460 FOm NOn-HOV-relsted cavses was mckuded in the analysis.
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The pathologic features of liver injury assaciated with
recunrent HBV infection in the aliograft were not signifi-
cantly difterent from those seen with hepatitls B in non-
grafted livers. Furthermere biopsies from infected pa-
tienis demonstrated both acute and chronic phases. Con-
tinuing periportel hepatacyte necrosis in the chronic
phase eventually progressed to cirhosis m 2 numnber of
patients dunng the study period.

Far the most part. histologic changes associated with
HBV-related dysfunction were distinguishable from acute
and chronic rejection. The Key feature used to make the
separation was the tocus of the inflammmatory cell dam-
age. in acute and chroni¢ rejection, the bile ducts were
the main targets of lymphocytic injury. Venular injury
couid be seen in gcute reiection as well. In hepatitis, the
hepalocyles were preferentially targeted for damage.
During acute disease, the injury was paniobutar in distribu-
ton. whereas in the cronic active phase t was direcled
primarily 8t pefipartal hepatocytes. The only caveat was
the presence of low-grade lobular *hepatitic’ changes in
several patients during the development of chronic rejec-
tion in both the HBsAg-positive and HBsAb-positive
groups. which led 1o 2 misteken diagnosis of hepatitis in
cne of the HBsAb-positive patients. One must be aleri,
tierelore, 10 Ne presence anc severdy of bils duct dam-
age in all cases. When present. a component of rejection
% likely 10 be nvolved. Therelore rejection Gan be cag
nosed even in the presence of HBV infection ot the allo-
graft. This poim is exemplified in the patient wha lost her
graft from rejection, even though the graft was intecled.

immunapathologic studies demonstrated that HEV en-
tigens are almost invariably detected in the tiver during
dissase related 10 recurrent HBY infection. Expression of
core antigen was common dufing the acute stage and
persisient cytoplasmic core antigen expression in the
chroni¢ phase generaly correlated with ongoing disease
activity. ' Hepatic inflammation also was frequently. but
not invariably, seen in the allografts during episodes of
dystungiion rolated to recurrent HBV intection. immuno-
phenotypic analvsis hes shown thal most of the inflam:
matory cells wera T lvmphocytes and accesaory celis in
biopsies with HBV-associated dystunction. Compared to
the grafts that faled because of chronic rejection, peripor
ta! accessory ceils were more common and the T celis
were distributed differently (see above). The observations
strongly sugges! that Immunclogic responses in he two
disorders are different.

Sratic morphologic studies, however, give ittie or no
information about the tunctional specificity of the mfiltrat-
ing cells. Whether they are directed at viral, allered hepa-
toceliular, or {oreign MHC antigens or are merely second
ary 1o the disease is unknown. Despite the fack of tympho-
¢eyte functional studies. the accelerated hepatic damage
associated with reinfoction of second allogratts suggests
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that there may be an immundlogic memory response or
enhanced HBV virdence in this creumstance.

We also noted that MHC dlass | antigens are upregu-
taled on hepalocytes in areas of ongoing njury assock
ated with HBV Infection, as detected by the presence of
beta-2 micraglobulin, One must remember, however, that
these MHC antigens are those of the donor, and not the
recipient effector celis.

Excepl for the two paculiar cases previously de-
scrbed, we were unable to detect a significant correlation
between the degree of denorjrecipient MHC matching or
mismatching and the pattern or occurrence of what histo-
logically appeared to be hepatitis. Although the number
of patients in this study was refatively small, the {ndings
suggest that immune mechanisms other thar, or =1 addi
tion 10. MHCsresuicted CTL could be responsible for the
hepatic mjury associated with HBV infection of allografts.
Stnking hepatocyte eyr0iogic degenergtive changes as-
sociated with marked viral antigen expression and littie, i
any, nffarmmation was seen. Under these speciai circum-
stances, the virus itself may be cytopathic. Wnether the
obgervations reported harain can be incorporated nto 2
hypothesis regarding Ever damage associated with HBV
nfectionin the general population is open o speculation.
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