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EDITORIALS

Clinical Significance of Hepatitis B Virus Genotypes

See Article in HEPATOLOGY 2002;35:922-929

raditionally, hepatitis B virus (HBV) is classified

into 4 subtypes or serotypes (adr, adw, ayr, and

ayw) based on antigenic determinants of the hep-
atitis B surface antigen.! These subtypes can be further
classified into 9 serotypes (ayw1, ayw2, ayw3, aywA4, ayr,
adw2, adw4, adrq+, and adrq—).2 Epidemiologic studies
found that the prevalence of these serotypes varies in dif-
ferent parts of the wotld. In addition, antibody to the
common determinant, “a,” confers protection against all
serotypes. To date, there has been very little data on the
clinical significance of HBV serotypes.

Advances in molecular biology techniques revealed sig-
nificant diversities in sequences of HBV isolates, account-
ing for the allelic differences among the 4 major HBV
serotypes. Based on an intergroup divergence of 8% or
mote in the complete nucleotide sequence, HBV can be
classified into 7 genotypes A-G.3>5 However, genotyping
can be accomplished based on a partial sequence of the
HBV genome such as the pre-S or S gene. Several meth-
ods have been used for HBV genotyping including direct
sequencing, restriction fragment length polymorphism,
line probe assay, and enzyme-linked immunoassay.

Contrary to hepatitis C virus genotyping, HBV geno-
typing is a research tool that is only beginning to gain
popularity among researchers in hepatitis B. Whether
HBYV genotyping will constitute part of the clinical eval-
uation of hepatitis B patients depends on the availability
of simple and inexpensive tests and the relevance of the
information gained. Currently, restriction fragment
length polymorphism is the most commonly used
method for HBV genotyping. A line probe assay similar to
that used for hepatitis C virus genotyping is also available.
These assays can be easily applied in clinical diagnostic
laboratories. The key issue is, does knowledge of the HBV

Abbrevianons: HBV, hepanns B virus, HBeAg, hepatirs B ¢ antigen.
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genotype help in patient management? The specific ques-
tions include, (1) Is there a correlation between HBV
genotype and HBV replication, activity of liver disease,
clinical outcome, and treatment response? (2) What is the
predominant HBV genotype in each country? Is the geo-
graphical distribution of HBV genotypes related to the
endemicity of HBV infection? (3) Is there a correlation
between HBV genotype and risk of progression to chronic
infection? (4) Does infection with one HBV genotype
confer protection against infection with other HBV ge-
notypes?

Answers to some of the questions raised are beginning
to emerge but many of the answers are based on a few
studies in selected patient populations. Current informa-
tion on the geographical distribution of HBV genotypes is
summarized in Table 1. However, existing information is
incomplete. As an example, earlier studies suggested that
HBYV genotype A is predominant in the United States. A
recent study indicated that HBV genotype G is also prev-
alent because it was present in 11 of 82 patients from the
state of Georgia.® However, in an ongoing study involv-
ing 17 liver centers across the United States, we found all
7 HBV genotypes: A (33%), B (21%), C (34%), D (9%),
E (1%), F (1%), and G (1%) (personal observations).
HBYV genotype A was more common among whites and
African Americans, whereas genotypes B and C were pre-
dominantly found in Asian Americans.

The high prevalence of HBV genotypes B and C
among Asians raise the possibility that HBV genotype
may be related to the endemicity of HBV infection. To
date, there has been no study on the relationship berween
HBYV genotype and mode of transmission. One study in
Switzetland found that genotype A was more common
among patients with chronic hepatitis B, whereas geno-
type D was more prevalent among patients with resolving
acute hepatitis B suggesting that HBV genotype A was
associated with a higher rate of chronic HBV infection.®
However, this study involved a total of 65 patients only
and confounding factors such as age at infection, gender,
mode of transmission, and coinfection with other hepati-
tis virus or human immunodeficiency virus were not an-
alyzed.

HBYV genotypes may contribute to the wide range in
prevalence of HBV infection in different parts of the
world through differences in rates of replication and abil-
ities to evade immune dearance, but studies comparing
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Table 1. Geographic Distribution of HBV Genotypes and

Serotypes
Genotypes Serotypes Distribution
A adw2, aywl NW Europe, N America, Central Africa
B adw2, aywl SE Asia, China, Japan
C ayr, admg+, adrq—,  SE Asia, China, Japan
adw2
D ayw2, ayw3 S Europe, Middle East, India
E aywd Afnca
F adwaq— Amencan natives, Polynesia, Central and
South Amenca
G adw2 United States, France

the replication capacity and immune response of the var-
ious HBV genotypes have not been performed. However,
many studies have shown a strong relationship between
HBV genotypes and mutations in the precore and core
promoter regions that abolish or diminish the production
of hepatitis B e antigen (HBeAg).71° Thus, the most com-
mon precote mutation, a G to A substitution at nucleo-
tide 1896 (Gisg6A), which creates a premature stop codon
(€W28X) is found in association with HBV genotypes B,
C, and D but not genotype A. This accounts for the
preponderance of HBeAg-negative chronic hepatitis B in
Southern Europe and Asia. The basis for the genotype-
dependent selection of the precore GigoeA muration is
related to the need to maintain base pairing of the stem-
loop structure of the pregenome encapsidation sequence
(€).1112 HBV genotypes B, C, and D frequentdy havea T
at nucleotide 1858, which is ditectly opposite nucleotide
1896 in the stem of €, whereas HBV genotype A usually
has a C at nucleotide 1858, which forms a more stable
bond with the wild type (G) rather than the variant se-
quence (A).13

In the last issue of HEPATOLOGY, Kato et al. explored
the mechanism by which HBV genotype G, which has 2
stop codons in the precore region, maintains HBeAg pro-
duction.! They found that all 4 patients with HBV ge-
notype G, who were HBeAg positive, were also coinfected
with HBV genotype A. In one patient who seroconverted
from HBeAg to hepatitis B e antibody, a shift from pre-
dominant HBV genotype A to predominant HBV geno-
type G was shown. Based on partial sequencing of a few
clones, the investigators suggested that there is evidence of
recombination between the two genotypes, but more
studies are needed to confirm these findings. It would also
be important to determine if patients infected with one
HBV genotype can be supetinfected with other genotypes
and if infection with multiple HBV genotypes results in
more severe liver disease.

Several studies reported a correlation between HBV
genotype and HBeAg clearance. These studies, all of
Asian patients, found that the prevalence of HBeAg was
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higher in patients with genotype C compared to those
with genotype B suggesting that HBeAg clearance oc-
curred at higher rates among patients with genotype
B.810.15 One study of 466 Japanese patients found that
HBeAg was present in 53% of genotype C versus 16% of
genotype B patients.!® This difference was maintained
after matching for gender, age, and liver disease in the two
groups. In a recent study of 269 Chinese patients, we
found that spontaneous HBeAg seroconversion occurred
approximately one decade earlier among patients with
HBV genotype B.1¢ We also showed that patients with
genotype B were more likely to have a sustained biochem-
ical remission after spontaneous HBeAg seroconversion.

A correlation between HBV genotype and liver disease
has also been found in several studies from Asia. One
study in Japan found thar liver dysfunction (defined as
abnormal aminotransferase levels) was observed less fre-
quently in hepatitis B carriers with adw serotype (mainly
genotype B) compared to those with adr serotype (mainly
genotype C).17 Another study found that hepatitis B sur-
face antigen carriers with genotype B had lower histologic
activity scores.3 Two other studies involving a total of 490
Chinese patients with chronic HBV infection found that
genotype C was more prevalent in patients with cirrho-
sis.1>18 [t is possible that a longer duration of high levels of
HBYV replication may contribute to more active liver dis-
ease and, in turn, a higher rate of progression to cirrhosis
among patients with HBV genotype C. The relationship
between HBV genotypes and hepatocellular carcinoma is
inconclusive. One study found that HBV genotype B is
associated with development of hepatocellular carcinoma
at an earlier age,'8 but this finding was not confirmed by
other studies.3192° The relationship between HBV ge-
notypes and liver disease in other ethnic populations has
not been examined.

HBYV genotype has also been related to response to
interferon therapy. One study of 64 German patients
found that the rate of interferon-induced HBeAg sero-
conversion was higher among patients with genotype A
than in those with genotype D (37% vs. 6%).2! Another
report involving 58 patients in Taiwan found that the rate
of HBeAg loss was significantly higher in patients with
genotype B compared to those with genotype C (41% vs.
15%).22 A third study in 35 HBeAg-negative patients
found that patients infected with HBV genotype A re-
sponded better than those with genotype D/E (70% vs.
40%).2 The correlation between HBV genotype and re-
sponse to other antiviral therapy (such as lamivudine)
remains to be determined. One study based on 26 pa-
tients reported that patients with adw serotype were more
likely to develop resistance to lamivudine than those with



1276 CHU AND LOK

ayw scrotype but the correlation berween serotype and
response was not mentioned.?4

In summary, there is growing evidence that HBV ge-
notypes may influence HBeAg seroconversion rates, mu-
tational patterns in the precore and core promoter
regions, and the severity of liver disease. In addition, dif-
ferent HBV genotypes predominate in various parts of the
world. Thus, the heterogeneity in disease manifestations
and response to antiviral treatment among patients with
chronic hepatitis B in different parts of the world may, at
least in part, be atributed to differences in HBV geno-
types. Further studies are needed to confirm these obser-
vations to determine if HBV genotyping should be
included in the clinical evaluation of patients with
chronic HBV infection and if treatment should be tai-
lored accordingly.

CHr-JEN CHU, M.D,

ANNA S. F. Lok, M.D.

Division of Gastroenterology

University of Michigan Medical Center
Ann Arbor, MI
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Hepatitis B Virus Genotype B Is Associated With Earlier HBeAg
Seroconversion Compared With Hepatitis B Virus Genotype C

CHI-JEN CHU, MUNIRA HUSSAIN, and ANNA S. F. LOK
Dwision of Gastroenterology, Department of Medicine, University of Michigan and VA Medical Center, Ann Arbor, Michigan

Background & Aims: Recent studies suggest that hepa-
titis B virus (HBV) genotype B is associated with less
active liver disease than HBV genotype C. The aim of our
study was to determine if HBV genotype B is associated
with higher rates of spontaneous hepatitis B e antigen
(HBeAg) seroconversion compared with genotype C
Methods: A retrospective study using stored sera from
332 Chinese patients with chronic HBV infection fok
lowed for a mean of 48 months (range, 12-98) were
tested for HBV genotype using a lineprobe assay.
Resuits: HBV DNA was detected in 273 patients, 122
had HBV genotype B and 147 genotype C. Patients with
genotype B had a significantly lower prevalence of
HBeAg at presentation and significantly higher rates of
spontaneous HBeAg seroconversion during follow-up.
HBV genotype B patients who were HBeAg positive were
significantly younger, and spontaneous HBeAg serocon-
version occurred approximately 1 decade eadier com-
pared with HBV genotype C patients. Multivariate anal
yses identified high alanine aminotransferase (baseline
and follow-up), age >30 years, and genotype B as inde-
pendent factors associated with spontaneous HBeAg
seroconversion. Conclusions: HBV genotype B is associ~
ated with earlier HBeAg seroconversion than genotype
C. This finding may explain the less active/progressive
liver disease in patients with genotype B.

epatitis B virus (HBV) 1s traditionally classified
H into 4 serotypes (adr, adw, ayr, and ayw) based on
antigenic determinants of the hepatitis B surface antigen
(HBsAg). More recently, HBV is classified into 7 geno-
types (A-G) based on an intergroup divergence of 8% or
more in the complete nucleotide sequence.'-3 Several
recent studies suggested that HBV genotypes may be
related to the rate of recovery from acute HBV infection
and the progression of liver disease during chronic HBV
infection.4-1! One study in Japan* found that liver dys-
function (defined as abnormal aminotransferase levels)
was observed less frequently in hepatitis B carriers with
adw serotype (mainly genotype B) compared with those
with adr serotype (mainly genotype C). Another study®
found thac HBsAg carriers with genotype B had lower
histologic activity scores than those with genotype C. A

third study 10 Taiwan’ reported that genotype B was less
prevalent than genotype C among patients with cirrho-
sis. These data suggest that HBV genotype B is associ-
ated with less active and less advanced liver disease.

One explanation for the less aggressive liver disease
associated with HBV genotype B may be related to a
shorter duration of high levels of HBV replication. Two
studies®’ found that HBsAg carriers with adw serotype
were less often hepatitis B e antigen (HBeAg) positive
than those with adr serotype, and carriers wicth adw
serotype had slightly higher HBeAg seroconversion rate
during follow-up.> More recent studies found that pa-
tients with genotype B were less often HBeAg positive
than those with genotype C.5® These data suggest that
HBV genotype B is associated with higher rates of
spontaneous HBeAg seroconversion compared with HBV
genotype C. However, 3 of the 4 studies cited previously
were conducted in Japan, and most of the findings were
based on point prevalence.

The aim of our study was to determine if HBV geno-
type B is associated with higher rates of spontaneous
HBeAg seroconversion compared with genotype C. We
analyzed point prevalence as well as follow-up data of a
cohort of 269 Chinese patients with chronic HBV infec-
tion followed for 1-8 years.

Patients and Methods
Patients

This 1s a retrospective study using stored sera from
Chinese patients with chronic HBV infection seen in the
Hepatitis Chinic, Queen Mary Hospital, Hong Kong, from
1984 to 1992. The clinical database was reviewed to identify
all patients who had been followed for more than 1 year and
had HBeAg/HBe antbody (anti-HBe) checked on at least 2
occasions during the first year with stable HBeAg status.

Abbreviations used in this paper: anti-HBe, hepatitis B e antibody;
PCR, polymerase chain reaction; ULN, upper limit of normal.
© 2002 by the American Gastroenterological Association
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Patients were seen every 3 to 6 months or more often if
clinically indicated. At each visit, liver biochemistry and HBV
serology including HBsAg, HBeAg, and anti-HBe were
checked. Serum was collected and stored for HBV DNA
testing. Patients were censored when antiviral therapy was
1tiated.

Serial alanine aminotransferase (ALT) values during the
follow-up period were categorized into 3 patterns: (1) persis-
tently normal ALT, (2) persistent or intermittent elevation in
ALT levels that remain <5 X upper limit of normal (ULN, 45
TU/L), and (3) fluctuations 1n ALT levels with peak values
>5 X ULN.

Definition of Qutcomes

HBeAg loss was defined as disappearance of serum
HBeAg 1n a patient who was previously HBeAg positve.
HBeAg seroconversion was defined as disappearance of HBeAg
accompanied with the development of anti-HBe.

For purposes of analysis of sustained HBeAg loss or HBeAg
seroconversion, only patients with at least 6 months follow-up
were 1ncluded. Sustained HBeAg loss or HBeAg seroconver-
sion was defined as maintenance of this phenomenon through-
out the remaining follow-up period with HBeAg/antu-HBe
retested at least twice per year. Sustained normalization of ALT
was defined as persistently normal ALT values from the period
6 months after HBeAg seroconversion until the last visit, with
a minimum of twice yearly ALT tests. This definition differ-
entiates elevated ALT values around the time of HBeAg
seroconversion versus persistent or intermittent elevation after
HBeAg seroconversion.

Hepatitis B Serology

Hepatitis B serologic markers HBsAg, HbeAg, and
anti-HBe were tested using commercially available enzyme-
linked 1mmunosotbent assay kits from Abbott Laborarories
(North Chicago, IL).

HBV Genotyping

Residual sera stored at —70°C were retrieved. The first
avauable serum sample from each patient was tested for HBV
genotype.

HBV genotypes were determined by line-probe assay (Inno-
Lipa HBV genotyping assay; Innogenetics Inc., Ghent, Bel-
gium).'213 In brief, HBV DNA was extracted under standard
procedure.!* HBV DNA was amplified by nested polymerase
chain reaction (PCR) using biotinylated primers in the § gene
provided by the manufacturer (Innogenetics). The reaction was
performed in a Personal Cycler (Biometra Inc., Tampa, FL)
The fitst-tound PCR contained 40 cycles at 94°C for 30
seconds, 45°C for 30 seconds, and 72°C for 30 seconds, with
a 10-minute extension step at 72°C at the end. The second-
round PCR contained 35 cycles with the same steps as 1n the
fiest round. All necessary precautions to prevent cross-contam-
ination were observed, and negative controls were included at
each step. Five microliters of the second-round PCR products
were analyzed by electrophorests in a 1% agarose gel stained

HBV GENOTYPE AND HBeAg SEROCONVERSION 1757

with ethidium bromude and visualized with an ultraviolet
transilluminator. The lower limit of detection of this PCR
assay was 400 copies/mL. For samples with detectable HBV
DNA after nested PCR reaction, 10 pL of amplified products
were applied to strips precoated with specific oligonucleotde
probes. After hybridization, washing, and chromogenic reac-
tion, HBV genotypes were determined based on the pattern of
reactive bands.

To validate the results of line-probe assay, all samples with
unclassified genotypes and randomly selected samples from
each genotype were sent for bidirectional automated sequenc-
1ng. Sequencing was performed at the DNA sequencing core
facility, the University of Michigan Medical Center, using the
standard protocol for the Applied Biosystems DNA sequencer
377 (Perkin Elmer Corp., Foster City, CA) using second-round
PCR primers. Sequencing results were compared with pub-
lished sequences to ascertain HBV genotypes.'?

Detection of Precore Stop Codon Variant
(G1sssA)

To determine if the presence of precore stop codon
variant is related to the rate of HBeAg seroconversion, the first
available setum samples from HBeAg-positive patients were
tested by a line-probe assay'* (Inno-Lipa HBV precore assay,
Innogenetics Inc.) designed to detect the G to A change at
aucleotide 1896 (Gig96A), which results in a premature stop
codon at position 28 in the precore region. Except for the
primers, the procedure was simular to that described previously
for HBV genotyping. To validate the results of line-probe
assay, samples with indeterminate precore sequence and ran-
domly selected samples with wild-type precore sequence and
GgosA mutation were sent for bidirectional automated se-
quencing.

Statistical Analyses

Results were expressed as mean % standard error. Data
were entered 1nto an Excel (Microsoft, Redmond, WA) data-
base and analyzed using SPSS version 9.0 software package
(SPSS Inc., Chicago, IL). Statistical analyses were performed by
using x? and Fisher exact test for categoric variables. Indepen-
dent student ¢ tests were used for continuous variables. Rates
of spontaneous HBeAg seroconversion and HBeAg loss were
estimated using Kaplan-Meier method and compared using
log-tank test. Multivariate analyses using stepwise Cox regres-
sion were performed to identify independent factors associated
with spontaneous HBeAg seroconversion. Results were con-
sidered statistically signuficant at P < 0.05.

Results

Baseline Characteristics

A total of 332 patients were studied. The study
population included 199 (60%) men and 133 (40%)
women; mean age was 30 X 1 years (range, 2-75 years).
All the patients were ethnically Chinese. The mean du-
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ration of follow-up was 48 months (range, 12-98 months).
At presentation, 172 (52%) patients were HBeAg (+) and
anti-HBe (—), whereas 160 (48%) patients were HBeAg
(—) and anti-HBe (+). The median serum ALT value was
34 TU/L (range, 6—1,700 TU/L).

HBV Genotypes

Serum HBV DNA was detected in 98% (168/
172) HBeAg (+) and in 66% (105/160) HBeAg (—)
patients after nested PCR reaction. The overall HBV
DNA detection rate was 82% (273/332). Four HBV
genotypes were found: 2 genotype A (0.7%), 122 geno-
type B (44.7%), 147 genotype C (53.9%), and 2 geno-
type D (0.7%). Only 5 (2%) samples cannot be typed by
the Inno-Lipa assay. Direct sequencing of these 5 samples
showed that 2 belonged to genotype B, 2 to genotype C,
and 1 to genotype D. Thirty-two randomly selected
samples that were typed by Inno-Lipa assay including 2
genotype A, 12 genotype B, 17 genotype C, and 1
genotype D were directly sequenced; the results were
completely concordant.

Prevalence of HBeAg in Patients With HBV
Genotype B and C

The baseline characteristics of the 269 patients
infected with HBV genotype B and C are listed in Table
1. Genotype B was associated with a less marked male
preponderance and lower baseline ALT values compared
with genotype C, but these differences were not signif-
icant. At presentation, patients infected with genotype B
had a significantly lower prevalence of HBeAg compared
with those with genotype C (53% vs. 69%, P < 0.01).

Table 1. Baseline Characteristics of Patients Infected With
HBV Genotype B and C

Genotype B Genotype C

n=122) (n = 147) P
(%) (%) value
Mean age (yn 28+ 1 30x1 NS
Gender (M:F) 73:49 103:44 NS
Mean ALT (1U/L) 83 + 15 123 *+ 17 NS
No. (%) HBeAg (+) ant-HBe (~) 65 (53) 102 (69) <0.01
Initial ALT in HBeAg (+)
patients NS
Normal 38 (59) 44 (43)
12 X ULN 11017 19(19)
25 X ULN 10(15) 23(22)
>5 X ULN 6(9) 16 (16}
Initial ALT in HBeAg (—)
patients NS
Nomal 42 (74) 29 (64)
1-2 X ULN 8(14) 8(18)
2-5 X ULN 6 (10) 4(9)
5 X ULN 1(2) 4(9)

NOTE. ULN = 45 IU/L.
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Fgure 1. Age-specffic prevalence of HBeAg among patients infected
with HBV genotype B and C.

The age-specific prevalence of HBeAg in patients with
genotype B and C are depicted 1n Figure 1. In both
groups, there was a significant decrease in prevalence of
HBeAg with age. However, the peak decline in preva-
lence of HBeAg occurred 1 decade earlier in patients
with genotype B, resulting in a significantly lower prev-
alence of HBeAg by the fourth decade (37% vs. 62% in
patients with genotype C, P < 0.05).

Accordingly, HBeAg (+) genotype B patients were
significantly younger than HBeAg (+) genotype C pa-
tients (mean age 21*1 vs. 26*1 years, P < 0.005)
(Table 2).

Rates of Spontaneous HBeAg Loss and
HBeAg Seroconversion in Patients With
HBV Genotypes B and C

One hundred sixty-seven HBeAg (+) patients
were followed for 45+2 months (range, 12-96). Eighty-
seven (52%) of these patients had liver biopsies. Patients
with genotype B were less likely to have significant liver
disease (chronic active hepatitis * cirrhosis) than those
with genotype C (P < 0.05) (Table 2). Compared with
genotype C patients, genotype B patients were more
likely to have the GiggsA precore stop codon variant
detectable 1n the initial sample (P < 0.005). The con-
cordance between direct sequencing and Inno-Lipa HBV
precore assay was >97%. During the follow-up period,
approximately 40% of patients with each genotype de-
veloped flares 1n ALT levels (5 X ULN), but a signif-
1cantly higher percent of genotype B patients maintained
persistently normal ALT levels (37% vs. 18% among
genotype C patients, P < 0.05) (Table 2).

A total of 48 patients lost HBeAg, of whom 42
developed anti-HBe. Despite similar duration of follow-
up, spontaneous HBeAg loss (40% vs. 22%, P < 0.05)
and HBeAg seroconversion (37% vs. 18%, P < 0.01)
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Table 2. Comparisons Between HBeAg (+) Genotype B and C Patients

Genotype B Genotype C
(n = 65) (%) (n = 102) (%) P value
Mean age (yr) 21 +1 26*1 <0.005
Gender (M:F) 41:24 73:29 NS
Mean initial ALT (1U/L) 111 + 26 145+ 24 NS
Mean follow-up (mo) 47 =3 44 x 2 NS
Histology <0.05
Nonspecific changes/chronic persistent hepatitis 13/26 (50) 17/61 (28)
Chronic active hepatitis 9/26 (35) 32/61 (52)
Cirhosis 4/26 (15) 12/61 (20)
Precore region (codon 28) <0.005
Wildtype sequence only 47 (72) 93 (91)
Presence of GyggeA variant 18 (28) 9(9)
ALT levels during follow-up <0.05
Persistently normal 24 (37) 19 (18)
=5 X ULN 15 (23) 41 (41)
Peak >5 X ULN 26 (40) 42 (41)
No. with HBeAg loss 26 (40) 22 (22) <0.05
Mean age at HBeAg loss (yr) 27x2 34+ 2 <0.05
No. with HBeAg seroconversion 24 (37) 18 (18) <0.01
Mean age at HBeAg seroconversion (yr) 27 +2 3B*2 <0.05
HBeAg seroconversion in relation to inttial ALT
Normal 7/38(18) 3/44 (7) NS
Abnormal 17/27 (63) 15/58 (26) <0.005
HBeAg seroconversion in relation to ALT leveis during follow-up
Persistently normal 1/24 (4) 1/19 (5) NS
=5 X ULN 6/15 (40) 9/41 (22) NS
Peak >5 X ULN 17/26 (65) 8/42 (19) <0.001

NOTE. ULN = 45 IU/L.

occurred more often in patients with genotype B. This
difference was predominantly noted in patients who had
elevated ALT level at presentation (63% vs. 26%, P <
0.005) and those who had flares in ALT during follow-up
(65% vs. 19%, P < 0.001). The rates of spontaneous
HBeAg seroconversion were similarly low in genotype B
and C patients who had normal ALT levels (Table 2). By
using Kaplan-Meier analyses, the cumulative rates of
HBeAg loss at 1, 3, and 5 years were 8%, 30%, and 50%
in genotype B patients and 0%, 23%, and 38% in
genotype C patients (P < 0.05). The cumulative rates of
spontaneous HBeAg seroconversion at 1, 3, and 5 years
were 6%, 24%, and 46% in genotype B patients and 0%,
18%, and 34% in genotype C patients (P < 0.05)
(Figure 2).

Predictive Factors for Spontaneous HBeAg
Seroconversion

Factors that may be associated with spontane-
ous HBeAg seroconversion including gender, age, 1ni-
tial ALT level, ALT levels during follow-up, liver
histology, presence of Ggg9¢A precore stop codon vari-
ant, and HBV genotype were analyzed. After univar-
iate analyses, age >30 years, HBV genotype B, initial
abnormal ALT, fluctuating ALT with peak >5 X

ULN, and presence of GigoA variant significantly
contributed to spontaneous HBeAg seroconversion.
These factors were further analyzed by multivariate
stepwise Cox regression model. All factors except the
presence of GggeA variant were independently associ-
ated with spontaneous HBeAg seroconversion (Table

P<0.05

rate of sp
HBeAg seroconversion (%)

gonotyoe €

C

—
genatsoe B

100

Follow-Jp (manths)

No atnsk
Genotype B 65 55 24 9 4
Genotype C 102 74 38 14 7

Fgure 2. Cumulative rates of spontaneous HBeAg seroconversion in
patients Infected with HBV genotype B and C.
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Table 3. Independent Factors Associated With Spontaneous HBeAg Seroconversion

GASTROENTEROLOGY Vol. 122, No. 7

No. of
Factor patients Qdds ratio 95% Cl P value
All patients
ALT level during foliow-up
Fluctuating ALT, peak >5 X ULN 68 6.37 1.31-31.06 <0.05
Persistent or intennittent increase, = 5 X ULN 56 4.34
Persistently normal 43 1
initial ALT
Abnormal 85 3.31 1.51-7.28 <0.01
Normal 82 1
Genotype
B 65 2.32 1.23-4.35 <0.01
[ 102 1
Age
>30 yr 53 1.94 1.02-3.69 <0.05
=30 yr 114 1
Genotype B patients
ALT level during follow-up
Fluctuating ALT, peak >5 X ULN 26 11.79 1.39-99.81 <0.05
Persistent or intermittent increase, <5 X ULN 15 6.24
Persistently normal 24 1
Initial ALT
Abnommat 27 2,51 0.98-6.42 0.056
Nomal 38 1
Genotype C patients
Age
>30 yr 36 3.03 1.19-7.71 <0.05
=30 yr 66 1

Cl, confidence interval.

3). ALT level (at baseline and during follow-up) was
the most important predictor of spontancous HBeAg
seroconversion, particularly for genotype B patients
(Figure 3). As a group, the likelihood of spontaneous

HBeAg seroconversion among genotype B patients

was 2.3 times that of genotype C patients.
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Biochemical and Virologic Remission After
HBeAg Seroconversion

Of the 33 patients who had been followed for at

least 6 months (range, 7-53 months) after spontaneous

HBeAg seroconversion, 11 of 17 (65%) genotype B and
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Figure 3. Cumulative rates of
spontaneous HBeAg serocon-
version in relation to ALT levels
during follow-up In patients in-
fected with (4) HBV genotype B

and (B) C.
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Table 4. Outcome of HBV Genotype B and C Patients After HBeAg Seroconversion

Genotype B Genotype C

(n = 24) (%) (n = 18) (%) Pvalue
No. with follow-up >6 months after HBeAg seroconversion 17 16
Mean follow-up after HBeAg seroconversion (mo) 26+4 31+4 NS
No. with sustained HBeAg seroconversion 11 (65) 8 (50} NS
No. with sustained normalization of ALT 13(76) 6 (38) <0.05
No. with HBsAg loss 1(6) 0 (0) NS
No. with undetectable HBV DNA by PCR 5(29) 3(19) NS

8 of 16 (50%) genotype C patients had sustained HBeAg
seroconversion. Compared with genotype C patients, ge-
notype B patients were significantly more likely to have
sustained normalization in ALT levels (76% vs. 38%, P
< 0.05) (Table 4).

Discussion

Our study showed that HBV genotype B is asso-
ciated with earlier HBeAg seroconversion than HBV
genotype C among Chinese patients with chronic HBV
infection. We found that patients with HBV genotype B
had a significantly lower prevalence of HBeAg at pre-
sentation and a significantly higher rate of spontaneous
HBeAg seroconversion during follow-up. We also
showed that HBV genotype B patients who were HBeAg
positive were significantly younger, and spontaneous
HBeAg seroconversion occurred approximately 1 decade
earlier compared with HBV genotype C patients. Our
findings corroborate that of previous reports from Ja-
pan. 43811 Our resules are also in accord with 2 recent
report that patients with HBV genotype B had a higher
rate of HBeAg loss during interferon therapy compared
with those with genotype C.13

The mechanism(s) responsible for the difference in rate
of spontaneous HBeAg seroconversion between HBV
genotype B and C is not clear. One study!! found that
the mean serum HBV DNA levels were higher among
genotype C patients compared with genotype B patients,
but chis finding may be related to a higher prevalence of
HBeAg among the genotype C patients. Another scudy
reported that the precore stop codon variant (Giggsd),
which abrogates HBeAg production, is more commonly
found in patients with HBV genotype B than chose with
genotype C.5 However, this finding was not confirmed in
another study.® Our study revealed that genocype B
patients were more likely to have the Gy6A variant at
presentation, and univariate analysis showed that pres-
ence of this variant was associated with a higher rate of
spontaneous HBeAg seroconversion. However, presence
of the Gg96A variant was not an independent predictor
of spontaneous HBeAg seroconversion, suggesting that

factors ocher than selection of the precore stop codon
muration may be more important in HBeAg seroconver-
sion. Alternatively, relevance of the Gygg6A variant may
be related to timing of the initial sample because 67% of
the initial samples were collected more than 2 years
before HBeAg seroconversion.

In accordance with previous reports,'6-1% we found
that ALT levels (baseline and during the course of follow-
up) were the most important factor in predicting spon-
taneous HBeAg seroconversion. The rates of spontaneous
HBeAg seroconversion were uniformly low in patients
with HBV genotype B and C who had normal ALT
levels. The rates of spontaneous HBeAg seroconversion
were significantly higher among patients who had ab-
normal baseline ALT levels and those who had ALT flares
during follow-up (>5 X ULN). However, the associa-
tion berween high ALT levels and increased rate of
HBeAg seroconversion was predominantly seen in pa-
tients with HBV genotype B. Our results indicate that
ineffeccive ALT flares representing abortive immune
clearance are more common in patients with HBV ge-
notype C and may account for the more active liver
disease and higher prevalence of cirrhosis as shown in
some studies.5-819 Because liver biopsies were performed
in only 52% of che patients, we were not able to deter-
mine if baseline liver histology was predictive of subse-
quent HBeAg seroconversion.

We confirmed that age and presumably duration of
infection is an important predictive factor of spontaneous
HBeAg seroconversion.!®19 In addition, we found that
spontaneous HBeAg seroconversion occurred 1 decade
earlier in patients with HBV genocype B. Thus, patients
with genotype B are subjected to a shorter duration of
high levels of HBV replication.

Our study also showed that compared with genotype
C patients, HBV genotype B patients who had sponta-
neous HBeAg seroconversion were significantly more
likely co have a sustained biochemical remission. In
addition, genoctype B patients had a trend toward a
higher rate of sustained HBeAg seroconversion than
genocype C patients.
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In summary, our results showed that HBV genotype B
is associated with earlier HBeAg seroconversion com-
pared with HBV genotype C among Chinese patients
with chronic HBV infection. A shorter exposure to high
levels of HBV replication, less abortive ALT flares before
HBeAg seroconversion, and more sustained biochemical
remussion after HBeAg seroconversion may contribute to
the lower prevalence of cirrhosis in patients with HBV
genotype B. The association between spontaneous
HBeAg seroconversion rate and HBV genotype suggests
that HBV genotype may also play a role in determining
response to antiviral therapy. Our resules suggest chat
heterogeneity in disease mamfestations, natural course,
and response to antiviral treatment among patients with
chronic hepatitis B in different parts of the world may, at
least in part, be attributed to differences in HBV geno-
types. Further studies involving other patient popula-
tions and other HBV genotypes are needed to confirm
our observations and to determine if HBV genotyping
should be included in the clinical evaluation of patients
with chronic HBV infection and if treatment should be
tailored accordingly.
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The evaluation of patients with hepatitis B virus (HBV)
infection has evolved from serological to molecular diag-
nostic assays. Advances in molecular biology techniques in
the early 1980s led to the development of hybridization
assays for serum HBV DNA with detection limits of 10°-
107 copies/ml. The introduction of polymerase chain reac-
tion (PCR) assays in the late 1980s decreased the limit of
HBV DNA detection to 10?-10° copies/ml. The availability
of molecular diagnostic assays has improved our under-
standing of the pathogenesis and natural history of HBV
infection and facilitated the monitoring of response to treat-
ment. They also generated new questions and dilemmas.
Patients with undetectable serum HBV DNA using hybridi-
zation assays were previously thought to have non-replica-
tive infection. These patients were deemed not to require
treatment and hepatic inflammation if present was attributed
to other causes of liver disease.

Using hybridization assays, patients who have recovered
from acute HBV infection invariably have undetectable
HBV DNA in serum. However, recent studies using more
sensitive PCR assays found that low levels of HBV DNA,
generally <10? copies/ml [1,2], may persist for many years
after recovery from acute HBV infection [3]. Studies using
PCR assays also found that the vast majority of patients with
chronic HBV infection including those who are hepatitis B e
antigen (HBeAg) negative, hepatitis B e antibody (anti-
HBe) positive have detectable HBV DNA in serum
[1,2,4-9]. These findings raise a number of clinically impor-
tant questions. First, what level of serum HBV DNA is
associated with progressive liver disease? Second, at what
level of serum HBV DNA is treatment indicated? Third, to
what level should serum HBV DNA be reduced during
treatment in order to ensure sustained virologic response,
HBeAg seroconversion, and remission of liver disease?

* Corresponding author. Tel.: +1-734-615-4628; fax: +1-734-936-7392.
E-mail address: aslok@umich.edu (A.S.-F. Lok).

The National Institutes of Health (NIH) Workshop on
‘Management of Hepatitis B’ held in September 2000
attempted to address some of these questions [10]. Consen-
sus definition and diagnostic criteria for clinical terms relat-
ing to HBV infection were discussed. An arbitrary serum
HBV DNA level of 10° copies/ml was proposed to differ-
entiate chronic hepatitis B from inactive carrier state. This
level was chosen to include serum HBV DNA levels that
would be detected by all commercial as well as in house
non-PCR based assays. Studies in the 1980s and early 1990s
before PCR assays became popular demonstrated that most
patients who developed spontaneous or treatment induced
HBeAg seroconversion with undetectable serum HBV DNA
had normal aminotransferase (ALT) levels, reduced histo-
logic activity, decreased risks of hepatic decompensation,
and improved survival. The majority of these patients would
have detectable HBV DNA if they had been tested by PCR
assays. Thus, it seems that low serum HBV DNA levels may
not necessarily be pathogenic and may not require treat-
ment. However, the selection of 10° copies/ml as a cut-off
value for differentiating chronic hepatitis B (HBeAg posi-
tive as well as HBeAg negative) from inactive carrier state
has not been validated. The threshold HBV DNA level that
is associated with progressive liver disease is not known and
may be dependent on host factors such as immune response,
viral factors such as HBV genotype and mutations in the
core promoter and precore regions, and environmental
factors such as alcohol consumption. In addition, many
patients with chronic HBV infection have fluctuating
HBV DNA levels. Finally, assays for HBY DNA quantifi-
cation are not well standardized.

It is generally accepted that HBV is not a cytopathic virus
and that liver disease associated with HBV infection is
mainly immune-mediated. Evidence that HBV is not
directly cytopathic is most obvious in children and adoles-
cents with perinatally acquired HBV infection, in whom
HBeAg and high serum HBV DNA levels are present, but
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ALT levels and liver histology are usually normal. Indeed,
several studies found that HBeAg positive patients with
normal ALT have higher serum HBV DNA levels than
those with elevated ALT [4,9,11]. Nevertheless, presence
of HBV is needed for ongoing necroinflammation.

Several studies have attempted to examine the range of
serum HBV DNA levels in HBeAg positive as well as in
HBeAg negative patients and to determine if there is a rela-
tion between serum HBV DNA levels and liver disease.
Serum HBV DNA levels generally exceeded 10° copies/
ml among patients with HBeAg positive chronic hepatitis
and may be as high as 10" copies/ml [1,2,4-8], but the
correlation between serum HBV DNA levels and histologic
activity was poor [7). Serum HBV DNA levels tended to be
lower (10*~10° copies/ml) among patients with HBeAg
negative chronic hepatitis B (HBeAg negative, anti-HBe
positive, elevated ALT) [4,5] and may at times be undetect-
able in non-PCR based assays [9,12]. One study found that
HBeAg negative patients with high serum HBV DNA levels
(>10" copies/ml) were more likely to have increased histo-
logic activity and fibrosis scores but only six patients had
high HBV DNA levels in that study [7]. Reports on the
relation between precore and core promoter variants and
serum HBV DNA levels and liver disease are inconclusive
[4,7,9,13]. The inability to demonstrate a correlation
between serum HBV DNA levels and liver disease is in
part related to the fact that HBV induced liver damage is
predominantly immune-mediated. However, many of the
earlier studies have also been hampered by the lack of sensi-
tivity and/or standardization of the HBV DNA assays used,
and the absence of serial serum samples and/or liver histol-
ogy.

Recent availability of commercial quantitative PCR
assays and establishment of international standards for
HBV DNA assays have enabled some of the questions
regarding HBV DNA levels and liver disease to be re-exam-
ined. In this issue of the Journal, Martinot-Peignoux et al.
{14] determined serum HBV DNA levels of inactive HBsAg
carriers (HBeAg negative, anti-HBe positive, with persis-
tently normal ALT levels) using a commercially available
PCR assay (Cobas Amplicor HBV Monitor ™), which has a
detection limit of 200 copies/ml. They found that 71 (84%)
of 85 inactive carriers had detectable HBV DNA, but only
two (2%) had levels >10° copies/ml. Annual testing of 38
patients followed for 1-6 years found that serum HBV DNA
levels remained stable in most patients, with median values
ranging from 10° to 10° copies/ml. Only one (3%) patient
had HBV DNA level >10°copies/ml. The authors
concluded that their results support the NIH recommenda-
tion of 10° copies/ml as a cut-off HBV DNA level for differ-
entiating inactive carriers from those with chronic hepatitis
B. However, this study did not include patients with chronic
hepatitis B. Thus, the reliability of an HBV DNA level of
10° copies/ml in differentiating inactive carriers from
patients with chronic hepatitis B cannot be established.
Indeed, a recent report from Greece found that 13% of

134 patients with HBeAg negative chronic hepatitis had
serum HBV DNA levels less than 10° copies/ml indicating
that a cut-off value of 10° copies/ml would lead to misclas-
sification of these patients and possibly denial of treatment
[15]. In this study, all 68 inactive carriers but only 11% of
patients with HBeAg negative chronic hepatitis B had serum
HBV DNA levels <3x10%copies/ml. The authors
concluded that a cut-of HBV DNA level of 3Xx
10* copies/ml is more appropriate for differentiating inac-
tive carriers from patients with HBeAg negative chronic
hepatitis B but this study was based on serum HBV DNA
levels taken at a single time point. Clearly, more studies on a
larger number of patients followed over a longer period of
time are needed to validate this cut-off value.

Establishment of a threshold serum HBV DNA level that
is associated with liver injury can be important for predict-
ing prognosis and for defining indications for treatment.
However, given the variable nature of chronic HBV infec-
tion, it is possible that this threshold level may be different
for each individual and may vary with time depending on
the host immune status and other exogenous factors. Thus,
the main objective of defining such a threshold level, if it
exists, is to identify individuals with very low risk of
progressive liver disease, in whom current treatment offers
little or no benefit, and who may require less frequent moni-
toring. Nevertheless, repeat testing is necessary even for
inactive carriers as serum HBV DNA levels may fluctuate
with time. In addition, decision on treatment should not be
based simply on serum HBV DNA level. Other factors such
as histologic activity, likelihood of response and other co-
morbid conditions should be considered.

With the recognition that nosocomial transmission of
HBV infection can occur from HBeAg negative health -
care workers, who have chronic HBV infection [16], some
countries such as England, have attempted to establish
guidelines on restrictions on practice based on serum
HBV DNA levels [17]. This policy must be carefully
reviewed because of the wide fluctaations in serum HBV
DNA levels particularly in patients with HBeAg negative
chronic hepatitis B.

A key element in the evaluation of new treatment of
chronic hepatitis B is to determine the degree of reduction
in serum HBV DNA levels. The availability of quantitative
PCR assays for HBV DNA permits more accurate assess-
ment of dose-response effect and comparison of the poten-
cies of various antiviral compounds. In addition, the ability
to detect lower HBV DNA levels enables investigators and
physicians to determine if continued treatment is associated
with further decrease in virus levels as well as earlier detec-
tion of relapse or breakthrough infection. Thus, quantitative
PCR assays have improved our ability to monitor treatment
response, but several important questions have arisen. First,
to what level should HBV DNA be reduced to ensure
sustained virologic and clinical remission? The answer to
this question is predicated on the availability of potent anti-
viral agents that when used singly or in combination will be
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able to decrease serum HBV DNA to the desired level in the
vast majority of patients. Such level has not been deter-
mined. Ideally, one would like to reduce serum HBV
DNA to levels undetectable by the most sensitive PCR
assays but current treatment rarely achieves this goal.
Second, to what level should HBV DNA be reduced to
achieve HBeAg seroconversion? To date, only one study
had addressed this issue. In a study of 23 patients who
received lamivudine therapy, six (50%) of 12 patients
whose serum HBV DNA decreased to <10* copies/ml
developed HBeAg seroconversion versus none of 11
whose serum HBV DNA remained >10* copies/m! [18].
This study suggested that there may be a threshold HBV
DNA level associated with lamivudine induced HBeAg
seroconversion. In an ongoing study of patients with spon-
taneous or interferon induced HBeAg seroconversion, we
found that serum HBV DNA levels ranged from 10* to
10°® copies/ml at the time when HBeAg first became unde-
tectable (personal observations). Thus, further studies are
needed to determine if HBeAg seroconversion is associated
with a specific HBV DNA level. Third, how should treat-
ment response of HBeAg negative chronic hepatitis B be
defined? Patients with HBeAg negative chronic hepatitis B
tend to have lower serum HBV DNA levels that may at
times be undetectable using non-PCR based assays, and
HBeAg loss or seroconversion cannot be used as an end-
poiat. Clearly, quantitative PCR assays for HBV DNA are
very important in monitoring response of these patients, but
it is not known if reduction in serum HBV DNA to levels
undetectable by PCR assays is necessary or sufficient for
sustained remission and if treatment can be withdrawn after
serum HBV DNA become undetectable by PCR assay.

In summary, quantitative PCR assays for serum HBV
DNA have provided many answers and also raised new
questions. Studies similar to that of Martinot-Peignoux et
al. should be repeated in more diverse patient populations to
address the questions raised so results of these tests can be
appropriately interpreted and used in the management of
patients with chronic HBV infection.
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Outcome of Liver Transplantation for Hepatitis B:
Report of a Single Center’s Experience
Chi-Jen Chu,” Robert J. Fontana,” Charles Moore,” Douglas R. Armstrong,f
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Results of liver transplantation (LT) for hepatitis B have
improved significantly with the use of hepatitis B immune
globulin (HBIG) and/or lamivudine. The aim of this
study is to review the long-term outcome of patients who
underwent LT for hepatitis B. Records of 41 patients who
underwent LT for hepatitis B and survived 3 months or
longer post-LT were reviewed. Twenty patients were
administered no immunoprophylaxis or short-term intra-
muscular HBIG, whereas 21 patients were administered
high-dose intravenous (IV) HBIG. Median post-LT
follow-up in these 2 groups was 76 months (range, 4 to
155 months) and 25 months (range, 4 to 68 months),
respectively. Hepatitis B recurred in 15 (75%) and 4
patients (19%) who underwent LT in the pre-HBIG and
post-HBIG eras, respectively. Cumulative rates of recur-
rent hepatitis B at 1 and 3 years post-LT in these 2 groups
were 66% and 77% and 20% and 20%, respectively (P <
.001). Recurrent hepatitis B in the post-HBIG era corre-
lated with antibody to hepatitis B surface antigen titer less
than 100 IU/L. Nine patients with recurrent hepatitis B
were administered lamivudine for 13 to 49 months (medi-
an, 28 months); 6 patients continued to have stable or
improved liver disease, whereas 3 patients developed viro-
logical breakthrough with slow deterioration of liver dis-
ease. Long-term IV HBIG is effective in preventing recur-
rent hepatitis B. The risk for recurrent hepatitis B is
negligible after the first year post-LT. Among patients with
no virological breakthrough, lamivudine can stabilize or
improve liver disease for up to 4 years in patients with recur-
rent hepatitis B post-LT. (Liver Transpl 2001;7:724-731.)

arly results of liver transplantation (LT) for hepa-
titis B were poor, with a recurrent hepatitis B rate
of 80% and 2-year mortality rate of 50%.!-3 Long-term
(>6 months) immunoprophylaxis with high-dose
hepatitis B immune globulin (HBIG) has been effective

in reducing the rates of recurrent hepatitis B, as well as
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graft and patient mortality, after LT.47 Nevertheless,
hepatitis B still recurs in some patients admunistered
long-term HBIG therapy. Recurrence may be second-
ary to 2 high viral load pre-LT or immune escape muta-
tions in the hepatitis B virus (HBV) S gene.3? Overall
recurrence rates with HBIG monotherapy vary from
15% to 50%, but may be as high as 80% in parients
who are hepatitis B e antigen (HBeAg) or HBY DNA
positive before LT.410-15 Pharmacokinetic studies
showed significant variability in antibody to hepatitis B
surface antigen (anti-HBs) titers post-LT, particularly
during the first 3 months.!$ Until now, the efficacy of
HBIG beyond the first 2 to 3 years post-LT has not
been reported.

In the last few years, lamivudine has been shown to
be effective in decreasing recurrent hepatiris B post-
LT.'7.18 However, the long-term efficacy of lamivudine
monotherapy may be limited by the selection of drug-
resistant mutants.!? Recent studies showed that the
combtnation of HBIG and lamivudine may be more
effective and may reduce recurrent hepatitis B to less
than 5%; however, the number of patients involved in
these studies is small, and the duration of post-LT fol-
low-up is limited.20-23

Lamivudine also has been shown to be effective in
the treatment of patients with recurrent heparitis B
post-LT .24 However, breakthrough infecuion caused by
lamivudine-resistant mutants developed in 27% of
pattents after 1 year of treatment. Thus, the long-term
benefits of lamivudine treatment in panients with recur-
rent heparitis B post-LT remain to be determined.

The primary aim of this study is to review the long-
term outcome of patients who underwent LT for
hepatitis B. Secondary aims are to determine (1) the
efficacy of indefinite high-dose HBIG in the prevenuon
of recurrent hepatitis B, and (2) long-term safery and
efficacy of lamivudine in the treatment of recurrent

hepatitis B.

Patients and Methods

Patients

Between January 1984 and May 2000, a toral of 930 patients
underwent LT ac the Universicy of Michigan Medical Center

Liver Transplaniation, Vol 7, No 8 (Augusi), 2001 pp 724-731
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Table 1. Characteristics of Patients at Transplant Listing
Pre-HBIG  Post-HBIG
Era{n =20) Era(n=21) P
Age (yo) 38+3 92 <ol
Men/women 17/3 19/2 NS
White/black/Asian 18/2/0 20/1/0 NS
Currhosis/FHFIHCC 17/3/0 18/2/1 NS
1*/ee-LT 19/1 17/4 NS
HCV coinfection 1/3 3/117 NS
HDYV coinfecuon 0/12 2/10 NS
HBeAg 7113 14/19 NS
HBV DNA NA 13/17
Abbreviations: NS, not significant; FHF, fulminant hepatic
faslure; HCC, hepartocellular carctnoma; NA, not available.

(Ann Arbor, MI). Fifty-nine pauents (6 3%) underwent LT
for HBV-related acute or chronic liver failure. All patients had
detectable hepauus B surface antigen (HBsAg) in serum ac the
time of LT. Medical records of 41 patients who survived more
than 3 months post-LT were reviewed to assess hepatitis B
recurrence and outcome (Table 1). For each patient, baseline
demographic data, indications for LT, and results of sequen-
tial liver biochemustry tests, hepatitis B serological tests, and
HBV DNA tests, as well as the use of antiviral therapy pre-LT
and prophylactic immune/antiviral therapies post-LT, were
recorded.

Qutcome

Primary outcomes of this study are patient survival and rate of
recurrent hepatitis B post-LT. Recurrent hepautis B is defined
as the detection of HBsAg more than 1 month post-LT.
Breakcthrough HBV infection during lamivudine therapy is
defined as the persistent reappearance of HBV DNA in serum
after its initial disappearance on at least 2 occasions, deter-
mined by non—polymerase chain reaction (PCR)-based
assays.

Prophylactic Therapy

Patients were divided tnto 2 groups based on the use of immu-
noprophylaxis post-LT. During the pre-HBIG era (before
January 1994), 20 patients were administered no or only
short-term (<6 monchs) intramuscular HBIG (Abbocu
Laboratories, Abbortt Park, IL). In the post-HBIG era (after
January 1994), 21 parients were adminustered 10,000 [U of
intravenous (IV) HBIG during the anhepauc phase, daily for
the next G days, and monthly thereafter (Table 1). HBIG
protocols were approved by the University of Michigan Insti-
tuuon Review Board. Four patients in the post-HBIG era
were also admunistered lamivudine (100 mg/d) before LT
(median, 9.5 months; range, 1 to 17 months). Thesc 4
patients were administered the same dose of HBIG as listed.
Three patients were HBeAg positve and had detectable HBV
DNA before lamivudine treacment. All 3 patients had unde-

tectable HBV DNA and cleared HBeAg before LT. No
patienc developed lamivudine resistance before LT.

Monitoring Post-LT

During the pre-HBIG era, patients were followed up monthly
during the first year post-LT and every 3 to 6 monchs there-
after. During the post-HBIG era, patients were administered
monthly HBIG infusions and follow-up care at the Trans-
plant Ambulatory Care Unit. Hepautis B serological assays
were performed every 3 to 6 months during the pre-HBIG
era. HBsAg and trough and-HBs titers were checked before
each infusion, and serum HBV DNA was tested every 4
months in the post-HBIG era.

Hepauus serological tests (HBsAg, HBeAg, anti-HBs,
antibody to HBeAg, anubody to hepatitis C virus, and anti-
body to hepatius D virus [HDV]) were performed using
commercially available enzyme-linked immunoassays
(Abbortr Laboratories). Serum HBV DNA was determined by
non—PCR-based assays, which included hiquid hybridization
(Abbotr) and branched DNA assays (Bayer Corp, Norwood,
MA). Serum anu-HBs titer was measured using an enzyme-
linked assay (AUSAB; Abbott). Lamivudine-resistanc HBV P
gene mutauons were examined by PCR and direct sequenc-
ing.23

Management of Patients With Recurrent
Hepatitis B Post-LT

Before the availability of lamivudine, patients with recurrent
hepatius B did not undergo antiviral therapy. Re-LT was
performed in selected patients with recurrent liver failure.
After lamivudine became avaiable in 1996, 9 patients with
recurrent hepatitis B were treated with lamivudine (100
mg/d). Of these, 7 patients underwent LT n the pre-HBIG,
and 2 patients, 1n the post-HBIG era. The latter 2 patients
had noc been administered lamivudine previously.
Statistical Analyses

Data were entered into an Excel (Microsoft Corp, Redmond,
WA) database and analyzed using SPSS version 9.0 software
package (SPSS Inc, Chicago, IL.). Staustical analyses were
performed using Cht-squared and Fisher's exact tests for
categorical variables. Paired and unpaired Student’s -teses
were used for continuous variables. Time to recurrent hepa-
tius B was estimated using the Kaplan-Meier method and

compared using the log-rank test. Results are considered sta-
ustically significanc at P < .05.

Results

Baseline characteristics of che patients are listed in Table
1. Sex, ethnicity, indications for LT, frequency of HDV
cotnfection, HBeAg status at listing, and liver biochem-
istry test resules ac LT were similar berween the 2
groups. However, patients who underwent LT in the
pre-HBIG era were significantly younger (P < .01).
Most patients who underwent LT in the post-HBIG
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era had features that predicted high risks for recurrent
hepatitis B: 90% had cirrhosis, 74% were HBeAg pos-
itive, and 76% had detectable serum HBV DNA ac
listing; only 20% had HDV coinfection.

Median duration of post-LT follow-up in the pre-
HBIG and post-HBIG eras was 76 months (range, 4 to
155 months) and 25 months (range, 4 to 68 months),

respectively.

Recurrent Heparitis B

In the pre-HBIG era, 15 patients (75%) developed
recurrent hepatitis B: 13 patients experienced recur-
rence in the first year, and 2 patients, in the second year
post-LT. In the post-HBIG era, only 4 patients (19%)
developed recurrent hepatitis B, all 4 patients during
the first year post-LT. Cumulative rates of recurrent

hepatitis B after 1, 3, and 5 years post-LT were 66%,
77%, and 77% among patients who underwent LT in
the pre-HBIG era and 20%, 20%, and 20% among
patients who underwent LT in the post-HBIG era
(P <.001; Fig. 1). None of the 4 patients administered
combination prophylaxis of IV HBIG and lamivudine
developed recurrent hepatitis B after a median of
17 months (range, 9 to 25 months) of post-LT follow-
up. Thus, hepautis B recurred in 4 of 17 patients (24%)
administered HBIG monotherapy.

Factors Associated With Recurrent Hepatitis B
in the Post-HBIG Era

Anti-HBs titer was the most important factor associated
with recurrent hepattis B in the post-HBIG era. Of the
4 patients with recurrent hepatitis B, 2 patients missed

Table 2. Outcome of Padents Post-LT

Pre-HBIG Era Post-HBIG Era

(n = 20) (n=21) P

Median duracion of post-LT follow-up (mo) 76 25 <05
Recurrenc hepautis B 15 (75) 4(19) <.001

All-cause morealicy 6 3 NS

Death related co recurrenc hepanus B 5 2 NS
No recurrent hepatus B 5 (25) 17 (81) <.001

All-cause mortality 3 3 NS

Abbreviacion NS, noc significanc.

NOTE Values expressed as number of pauents (percent) unless stated ocherwise.
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Figure 2. (A) Sequential anti-
HBs titer (log, o values, [U/L)
of the 4 patients who devel-
oped recurrent hepatitis B

despite IV HBIG.
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1 dose of HBIG during the first 3 monchs post-LT and
hepatius B recurred during months 4 and 6 post-LT.
The other 2 patients were not able to maintain an
anti-HBs titer greater than 100 IU/L after the first
4 months despite strict adherence to the HBIG proto-
col, and heparitis B recurred during months 5 and 8
post-LT (Fig. 2A). In the remaining 17 patients with no
recurrence, lowest trough anti-HBs titers during
months 0 0 3, 4 t0 6, and 7 to 12 post-LT were 217,
417, and 515 IU/L, respectively (Fig. 2B). Despite wide
variation in anti-HBs titers during the first year, a stable
anci-HBs titer greater than 500 [U/L was maintained in
all uninfected patients after che first year post-LT.

In the post-HBIG era, data on HBeAg and HBV
DNA at presentation were available for 19 pacients.

None of the 6 patients who were HBeAg and HBV

Months post-LT

DNA negative at presentation developed recurrent hep-
atitis B compared with 3 of 13 patients (23%) who were
HBeAg and/or HBV DNA positive at presentation.
HBeAg and HBV DNA resulcs at presentation were not
available in the fourth patient who developed recurrent
hepatitis B.

Treatment and Outcome of Patients With
Recurrent Hepatitis B

Of the 15 patients who underwent LT in the pre-HBIG
era who developed recurrent hepatius B, 6 patients died
4 t0 30 months (median, 14 months) post-LT (Table
2). Five patients died of causes related to recurrent
hepatius B: 3 patients of progressive liver failure 4, 9,
and 12 months after the diagnoss of recurrent hepaticis
B, and 2 patients of postoperative complications after
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Table 3. Effect of Lamivudine Treatment in 9 Patients With Recurrent Hepatitis B Post-LT

Last Visic

Pre-Lamivudine Treatment

Interval Berween

Duracton of

Recurrence and

Time to
Recurrence

PT

(s)

TB  ALB
(g/dL)
106

(mg/dL)

ALT
(IU/L)

Treatment

B ALB

ALT
HBeAg HBV-DNA (IU/L) (mg/dl) (g/dL)

Lamivudine

(mo post-LT)  Treatment (mo)

Pacient

(mo) HBeAg HDBV-DNA

(s) . Histology
13.2  Curhosis

3.9
35

12
09

68

=)

(+)
=)
()
(+)
(+)
(+)
=)
(+)
(+)

48
14
49

0.9 34

145

(+)
(+)
(+)
(+)
(+)
(=)
=)

(+)
(+)
(+)
(+)
(+)
(+)

12
96
69
119
131

24

10.5

57

10.5 Cicshosis

04 33

56
148

10.3

36
4.2

12.3 Cirrhosis

3.5

27
4.5
12.5

97

(+) 9t 08

)
=)

134 Cirrhosis

2.0
2.6

83
294

29
110

39 34
107

53
61

119  Currhosis
129 CHB

35

1.0
0.8

49

36
27

0.6

36

104

37
3.1

36
48
120

48
20
28

13.8 Cirrhosis
122 CHB
100 CHB

41

107

115
10.3

0.5

(+)
(+)

30
2.4

06
Abbreviations. CHB, chronic hepatius B, ALT, alanine aminotransferase, TB, total bilirubin; ALB, albumin; PT, prothrombin time.

(+) 54
0.9

(+)

(+)
(+)

3.5

73

re-LT for recurrenc hepatitis B. The sixth patient died
of sepsis 26 months after the diagnosis of recurrent
hepatitis B with normal graft function at the time of
death. One patient was lost to follow-up 121 months
after LT; liver biochemistry test results were normal
during the last follow-up. Of the remaining 8 patients,
1 patient had normal graft function and undetectable
serum HBV DNA 129 months after the diagnosis of
recurrent hepatitis B. The other 7 patients were admin-
istered lamivudine treatment.

Of the 4 patents who underwent LT in the post-
HBIG era who developed recurrent hepatitis B, 1
patient died of progressive graft failure 9 months post-
LT, and 1 patient died of sepsis 2 months after re-LT
for recurrent hepatitis B. The other 2 patients were
administered lamivudine treatment.

Nine patients were administered lamivudine ther-
apy (Table 3). The median duration of treatment was
28 months (range, 13 to 49 months). Six patients had
histological cirrhosis before the onset of treatment. The
interval from diagnoss of recurrent hepatitis B to initi-
ation of lamivudine treatment varied from 2 to 131
months (median, 96 months). Eight patents were
HBeAg positive and 7 patients had detectable serum
HBV DNA before treatment. All patients had unde-
tectable serum HBV DNA and improvement in liver
biochemistry results within 6 months of treatment.
However, only 1 patient cleared HBeAg and no patient
cleared HBsAg. Three patients developed virological
breakthroughs after 11, 12, and 19 months of lamivu-
dine therapy. Two patients (no. 8 and 9) were con-
firmed to have murtatons involving the YMDD motif
of the polymerase gene. All 3 patients had slow deter-
oration in liver disease; 1 patient was started on adefovir
dipivoxil treatment (patient 9) and 1 patient was main-
tained on lamivudine therapy only because of noncom-
pliance and chronic renal insufficiency (patient 4),
whereas the third patient died of a cerebrovascular acci-
dent (patient 8). Six patients had persistently undetect-
able serum HBV DNA and continued improvement in
liver disease (Fig. 3) 13 to 49 months (median, 48
months) after the inituation of lamivudine treacment.

Discussion

In this study, we reported the outcome of pauents with
hepatitis B up to 14 years post-LT. We found that
hepautis B recurred 1n 75% of patients administered no
prophylaxis or short-term low-dose HBIG and 19% of
those administered long-term high-dose HBIG. These
daca are similar to previously published reports®10-16
and support the use of high-dose IV HBIG in the pre-
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Figure 3. Serial values (me-
dian) of serum albumin, ala-
nine aminotransferase, and
total bilirubin in 9 patients
administered lamivudine for
recurrent hepatids B. Bio-
chemical values from the time
recurrent hepatitis B was
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vention of recurrent hepatitis B post-LT. Of the 4
patients who underwent LT in the post-HBIG era and
developed recurrent hepatitis B, 3 of 3 patients tested
were HBeAg positive and had detectable HBV DNA
pre-LT. Two patients missed 1 dose of HBIG during
the first 3 months post-LT, and 2 patients were unable
to maintain ant-HBs titers greater than 100 IU/L
despite strict adherence to a fixed-dose protocol. These
dara supporr the observations that (1) patiencs with a
high viral load pre-LT have an increased risk for recur-
rent heparicis B post-LT, (2) a fixed-dose regimen of
HBIG administration may be insufficient in maintain-
ing protective levels of anti-HBs in patients who are
HBeAg and/or HBV DNA positive pre-LT, and (3)
adequate anti-HBs titers must be maintained to prevent
recurrent heparitis B.413-16 Our dara suggest that close
monutoring of anti-HBs titer with supplemental HBIG
when titers decrease to less than a protective level or
more aggressive prophylactic regimen is needed for
patients with a high viral load pre-LT. In accordance
with other reports,2®23 none of our 4 patients admunis-

-70

-50 40 -20 10 20 30 40 50

Months

-60 -30

tered combination prophylaxis with HBIG and lamivu-
dine developed recurrent hepatitis B after a median
follow-up of 17 months.

We found most (89%) hepatitis B recurrence during
the first year post-LT, and all recurrence within the first
2 years. These data suggest that despite the persistence
of HBV DNA in the liver or extrahepatic reservoirs, 14 26
neutralization of circulating virions and prevention of
early graft infection when patients are heavily immuno-
suppressed may be the most important steps in the
prevention of recurrent hepatitis B post-LT. Two of our
patients who underwent LT in the pre-HBIG era had
no evidence of reinfection up to 10 years after LT. Our
findings suggest that prophylactic regimens may be
tapered after the first 1 to 2 years post-LT because the
risk for recurrent hepatius B decreases. We are currently
evaluating a tapering regimen in patients who have no
evidence of recurrent heparitis B after 1 year post-LT.

As 1n other studies,?” we found that patients with
recurrent hepatitis B post-LT had rapidly progressive
liver disease; 37% developed graft failure wichin 1 year,
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and 78% of deaths were related to recurrenc hepatitis B.
The dismal outcome of patients with recurrenc hepatitis
B improved after lamivudine became available. Of the
9 patients administered lamivudine treatment, none
died of graft failure after a median treatment duration
of 28 months, although 6 patients had cirrhosis and
4 patients had mild hepatic decompensation when
treatment was initiated. In accordance with other
reports,2428:2? all our patients had virological response,
as well as clinical and biochemical improvement
inueially. Six patients with no breakchrough infection
continued to have improved or stable liver disease up to
4 years after the initiation of lamivudine treatment. Of
the 3 patients who developed virological break-
throughs, all had slow deterioration in liver disease.
However, comorbid medical conditions and the addi-
tion of adefovir dipivoxil preclude us from determining
the long-term effects of lamivudine-resistant HBV
mutants in these patients.

In summary, our study showed that long-term high-
dose IV HBIG is effective in preventing recurrent hep-
atitis B post-LT, especially in patients with a low viral
load pre-LT or when anti-HBs uter was maintained at
greater than 100 IU/L. We found thac the risk for
recurrent hepatitis B was very low after the first year
post-LT. These dara indicate that aggressive prophy-
laxis is needed during che initial post-LT period, espe-
cially in patients with a high viral load pre-LT, but the
prophylactic regimen can be tapered witch time. Our
data showed that in parients with recurrenc hepatitis B,
lamivudine is effecuve in stabilizing or improving liver
disease for up to 4 years, buc the clinical benefits may be
negarted in patients with virological breakthrough infec-

tion.
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Does OKT3 Increase the Risk of Recurrent
Hepatitis B in Patients Transplanted for
Hepatitis B?

Levels of HBV-DNA and HbsAg after acute liver
allograft rejection treatment by corticoids and
OKT3. Gonzalez RA, de la Mata M,

de la Torre J, Mino G, Pera C, Pena ], Munoz E.
Clin Transplant 2000:14:208-211. (Reprinted
with permission. ©2000 Munksgaard
International Publishers Led., Copenhagen,
Denmark.)

Abstract

The aim of this work was to analyze whether the treatment
of acute rejection of orthotopic liver transplants (OLT),
either with corticoids or OKT3, has any effect on levels of
hepatitis B virus (HBV)-DNA and HbsAg in individuals
which were originally affected by cirrhosis or fulminant
hepatic failure as a result of B virus. We have found that
HBV-DNA is present in macrophages, B cells and both
CD4+ and CD8+ T cells after OLT in all cases studied.
Interestingly, the levels of HBV-DNA and HbsAg in the
serum analyzed were increased extremely rapidly in the
patients treated with OKT3 in an acute rejection episode.
However, the serum levels of HBV-DNA and HbsAg
found were lower when the patients were treated with
steroids, and were not found in non-treated patients. As
the serum levels of HBV-DNA increase, the process of
liver reinfection could be accelerated; therefore, these re-
sults may help to understand how OKT3 and corticoids
immunosuppressive therapy may accelerate the reinfec-
tion of OLT by HBV. In conclusion, our results suggest
that special care must be taken in the use of OKT3 in the
treatment of acute liver rejection episodes in chronic or
fulminant HBYV transplanted patients.

Comments

Reactivation of hepatitis B virus (HBV) replicadon and
exacerbation of liver disease have been reported in pa-
tients with chronic hepatits B administered immuno-
suppressive or cytotoxic therapy.!3 Reactivation of
HBV replication may occur not only in patients with
replicative HBV infection (hepatitis B e antigen posi-
tive and detectable serum HBV DNA by non-poly-
merase chain reaction [PCR] assay), but also in patients
with low or nonreplicative infection (heparitis B e andi-
gen negative and underectable serum HBV DNA by
non-PCR assay) and those with resolved infection (hep-
atitis B surface antigen [HBsAg] negative, antibody to
HBsAg positive, and antibody to hepatitis B core anti-
gen positive). This is related to the persistence of HBV,
albeit at low levels, in the liver and circulating blood
and the presence of HBV DNA in extrahepatic reser-
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voirs, especially peripheral-blood mononuclear cells
(PBMCs).43

Among the immunosuppressive agents used after
orthotopic liver transplantation (OLT), corticosteroids
may have the most potent effect on HBV replication. In
addition to indirect effects through immunosuppres-
sion, corticosteroids may directly augment HBV repli-
cation through a glucocorticoid-responsive element in
the HBV genome.é Other antirejection drugs, such as
cyclosporine and tacrolimus, were reported to have no
direct stimulatory effect on HBV replication.”8

The effects of other antirejection therapies, such as
OKT3 (Orthoclone OKT3; Ortho Biotech Inc, Rari-
tan, NJ, and muromonab CD3), on HBV replicarion
have not been studied. OKT3, a monoclonal antibody
against T cells, induces a rapid lymphocytopenia gen-
erally attributed to lymphocyte opsonization and
phagocytosis.?19 It also modulates the expression of the
T-cell recepror complex so that T cells become blinded
to the antigens presented by the allograft.%1° Further-
more, T-cell homocyrolysis,!! as well as apoprosis, 2
have been proposed as possible mechanisms of action of
OKT?3. The use of OKT3 in patients who underwent
OLT for hepatitis C has been associated with early and
severe recurrence of hepadris C.13.14

In the study by Gonzalez et al,!5 11 patients who
underwent OLT for hepatitis B and developed acute
rejection were studied. All patients were administered
low-dose hepatitis B immune globulin (HBIG) intra- _
muscularly (IM) as prophylaxis against HBV reinfec-
tion. No patient was administered antiviral therapy.
Rejection episodes were treated with 3 doses of meth-
ylprednisolone and/or an increased dosage of oral pred-
nisone. Steroid-resistant rejection episodes were treated
with OKT3 for 10 to 14 days. Three patients were
administered corticosteroids and OKT3, 6 patients
were administered corticosteroids only, and 2 patients
were not treated. All 3 patients treated with OKT3
developed high serum HBV DNA levels, and 2 of these
patients died of recurrent hepatitis B during the second
and third years post-OLT. Serum HBV DNA was
present at low levels in 3 of the 6 patients treated with
corticosteroids alone, but not in the 2 patiencs who were
not treated. The investigators suggested that OKT3
may lead to a rapid increase in serum HBV DNA levels
in patients who undergo OLT for hepatitis B and cau-
tioned that special care be exercised when OKT?3 is
administered to these patients. They speculated that the
devastating effects of OKT3 may be related to the re-
lease of viral particles secondary to lysis of T cells, re-
lease of cytokines that may facilitate entry of HBV into

Liver Transplantation, Vol 6, No 6 (November), 2000: pp 810-814
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hepatocytes and other cells, or activation of HBV rep-
lication within PBMCs by mitogens. These hypotheses
are interesting and need to be tested. Although the
investigators showed increasing serum HBV DNA lev-
els in the 3 patients administered OKT3, the findings
were based on a small number of patients tested at very
few time points, and details abour these 3 patients in
relation to the other patients, such as total dose and
duration of corticosteroid therapy and viral replication
status before OLT and just before the rejection episode,
were not provided. Thus, more dara are needed to de-
termine whether the use of OKT3 is associated with a
more rapid increase in serum HBV DNA levels in pa-
tients who undergo OLT for hepatitis B.

Deciphering the mechanisms by which OKT3 in-
creases serum HBV DNA levels is more difficult. Using
PCR assay, the investigators found HBV DNA present
in CD4™ and CD8™ T cells, B cells, and macrophages
even before the rejection episode. It is possible that
OKT3-mediated lysis of T cells results in the release of
HBV DNA into the circulation. Whether lymphokines
induced by OKT3 facilitated the entry of HBV into
hepatocytes or promoted HBV replication is less cer-
tain. Currently, very few data exist on the mechanisms
of entry of HBV into hepatocytes and other cells. Some
of the lymphokines induced by OKT3, such as interfer-
on-vy and tumor necrosis factor,"have been shown to
downregulate HBV expression.'6-'7 Some studies sug-
gested that HBV can replicate in PBMCs, bur these
findings are controversial.!819 It is more likely that the
effects of OKT3 on HBV replication are mediated
through reduced immune-mediated virus clearance
through lymphocyte depletion and antigenic modula-
uon of the T-cell recepror complex.

The important clinical question is what to do when
patients who undergo OLT for hepatitis B develop an
episode of rejection. It is obvious that these patients
should continue to be administered prophylaxis for
HBYV reinfection. Currently, the most effective thera-
pies include long-term, high-dose, intravenous HBIG
or combination therapy with HBIG and lamivu-
dine.20-21 Because of the expense associated with high-
dose intravenous HBIG, many centers are evaluating
the efficacy of lower doses, shorter duration, or IM
administration of HBIG in combinartion with lamivu-
dine. The short-term efficacies of these regimens are
impressive, but longer follow-up of a larger number of
patients is needed to determine the most cost-effective
prophylactic regimen for patients who undergo OLT
for hepatitis B. The efficacy of IM HBIG alone has not
been well documented and may account for the high
reinfection rate reported by Gonzalez et al.!s Even in

patients administered adequate prophylaxis, the occur-

rence of rejection episodes necessitating more aggressive

immunosuppressive therapy may increase the risks for

HBV reinfection. In vitro studies using the human

heparoblastoma cell line showed that the addition of
antiviral therapy can inhibir the increase in HBV repli-

cation induced by prednisolone and azathioprine.” It

seems reasonable to consider the addition of lamivudine .
in padents administered HBIG monotherapy and

closely monitor the antibody to HBsAg titer to deter-

mine whether greater or additional doses of HBIG

should be administered to patients administered IM

HBIG with or without lamivudine when patients who

underwent transplantation for heparitis B develop ste-

roid-resistant rejection episodes necessitating OKT3

therapy.

Although significant progress has been made in the
prevention of recurrent hepatitis B after OLT, much
remains to be learned. Adequare prophylaxis should be
administered to all patients, and close monirtoring is
required, especially in patients with replicative infection
pre-OLT or who require more intense immunosup-
pression post-OLT. The effects of more selective anti-
rejection drugs, such as anti-interleukin-2 receptor an-
tibody, on HBV replication should be evaluated.

Chi-Jen Chu, MD

Anna S.F. Lok, MD

Division of Gastroenterology
University of Michigan Medical Center
3912 Taubman Center

Box 0362

Ann Arbor, MI 48109

References

1. Tage-Jensen U, Aldershvile ], Schlichting P, and the Copenha-
gen Study Group for Liver Disease. Immanosuppressive treat-
ment of HBsAg-posiuve chronic liver disecase—Significance of
HBeAg Hepatology 1985;5-47-49.

2. LauJYN, Lai CL, Lin HJ, Lok AS, Liang RH, Wu PC, et al. Facal
acuvarion of chronic hepatius B virus infection following che-
motherapy withdrawal in lymphoma patients. Q J Med 1989;
73-911-917.

3. Lok AS, Liang RH, Chiu EK, Wong KL, Chan TK, Todd D.
Reactivanion of hepatius B virus replication tn parients recetving
cytotoxic therapy. Report of a prospective study. Gastroencerol-
ogy 1991;100-182-188.

4. Pasqunelli C, Laure F, Chatenoud L, Beaunin G, Gazengel C,
Bismuth H, et al. Hepatius B virus DNA in mononuclear blood
cells. A frequent event in hepatius B surface antigen-positive and
-negauve patients with acute and chronic liver discase. ] Hepatol
1986:3-95-103.

5. Féray C, Zignego AL, Samuel D, Bismuth A, Reynes M, Tiollais
P, et al. Persistent hepauus B virus infecuion of mononuclear



812

Liver Transplantation Worldwide

12.

13.

14,

16.

17.

18.

19.

20.

21.

blood cells without concomitant liver infection—The liver trans-
plantation model. Transplantation 1990;49:1155-1158.

. Tur-Kaspa R, Burk RD, Shaul Y, Shafriz DA. Hepatitis B virus

conuains a glucocorticoid-responsive clement. Proc Nad Acad Sa
U S A 1986,83:1627-1631.

. McMillan JS, Shaw T, Angus PW, Locarnini SA. Effect of im-

munosuppressive and antiviral agencs on hepacitis B virus repli-
cation in vitro. Hepatology 1995;22:36-43.

. Wong PY, Marinos G, Peakman M, Tredger JM, Lau JY, Ver-

gam1 D, etal. FK 506 in liver transplantation for chronic hepautis
B: In vitro studies on lymphocyte acuvarion and virus replica-
tion. Liver Transpl Surg 1995;1:362-370

. Wilde MI, Goa KL. Muromonab CD3: A reappraisal of its

pharmacology and use as prophylaxis of solid organ transplant
rejection. Drugs 1996;51:865-894.

. Bonnefoy-Berard N, Revillard JP. Mechanisms of immunosup-

pression induced by anuthymocyte globulins and OKT3.
J Hearc Lung Transplant 1996;15:435-442.

. Wong JT, Eylach AA, Ghobrial I, Colvin RB. The mechanism of

anti-CD3 monoclonal antibodies. Mediation of cytolysis by in-
ter-T cell bridging. Transplantation 1990;50:683-689.

Janssen O, Wesselborg S, Kabeliz D. Immunosuppression by
OKT?3. Induction of programmed cell death (apoprosis) as a
possible mechanism of acuon. Transplantation 1992;53:233-
234,

Sheiner PA, Schwarz ME, Mor E, Schluger LK, Theise N,
Kishikawa K, ct al. Severe or muluple rejection episodes are
associated with early recurrence of hepatitis C after orthotopic
tiver transplancation. Heparology 1995;21:30-34.

Rosen HR, Shackleton CR, Higa L, Gralnek IM, Farmer DA,
McDiarmid SV, et al. Use of OKT3 15 associated with early and
severe recurrence of hepatitis C after liver transplantation. Am J
Gastroenterol 1997;92:1453-1457.

. Gonzalez RA, de la Mata M, de la Torre ], MifioG, Pera C, Peiia

J, et al. Levels of HBV-DNA and HBsAg after acute liver allo-
graft rejection treatment by corticosteroids and OKT3. Clin
Transplane 2000;14:208-211.

Guilhot §, Miller T, Cornman G, Isom HC. Apoprosis induced
by tumor necrosis factor-alpha in rat hepatocyre cell lines ex-
pressing hepautis B virus. Am | Pathol 1996;148:801-814.
Guidocti LG, Ando K, Hobbs MV, Ishikawa R, Runkel L, Schre-
iber RD, Chisant FV. Cytotoxic T lymphocyres inhibit hepatitis
B virus gene expression by a noncyrolytic mechanism in trans-
genic mice. Proc Nad Acad Sci U S A 1994;91:3764-3768. .
Stoll-Becker S, Repp R, Glebe D, Schaffer S, Kreuder J, Kann M,
et al. Transcription of hepatids B virus in penpheral blood
mononuclear cells from persistent infected patients. ] Virol
1997;71:5399-5407

Kock ], Theilmann L, Galle P, Schlicht H]. Hepatius B virus
nudeic acids associated with human peripheral blood mononu-
clear cells do nor originate from replicating virus. Hepartology
1996;23:405-413.

Samuel D, Muller R, Alexander G, Fassati L, Ducot B, Ben-
hamou JP, Bismuch H. Liver transplantation in European pa-
tients with che hepatius B surface antigen. N Engl ] Med 1993;
329-1842-1847

Markowitz ]S, Martin P, Conrad AJ, Markmann JF, Seu P,
Yersiz H, et al. Prophylaxis against hepaitis B recurrence follow-
ing liver transplantation using combination lamivudine and hep-
aritis B immune globulin. Hepatology 1998;28:585-589.

Detecting Alcoholic Relapse Posttransplant

Carbohydrate-deficient transferrin is not a useful
marker for the detection of chronic alcohol
abuse. Schmirt VM, Stieber P, Jungst D, Blizer M,
Wachtler M, Heberger S. Eur ] Clin Invest 1998;
28:615-621. (Reprinted with permission.)

Abstract

Background: The role of carbohydrate-deficient trans-
ferrin (CDT) as a reliable marker for the detection of
chronic alcohol abuse has been discussed controversially.
Methods: Therefore, we investigated CDT in the sera from
405 subjects with different alcohol intake. Besides healthy
control subjects (n = 42), inpatients and outpatients in a
department of gastroenterology (n = 325) and patients
admitted to a department of otorhinolarynology (n = 38)
were studied. A total of 213 patients suffered from various
forms of liver diseases, and 89 patients had liver transplan-
tation. CDT values were determined by a double-anti-
body radicimmunoassay.

Results: In the 241 alcohol-abstinent subjects, CDT levels
ranged from 3 to 90 units L' (median = 12); the 92 mod-
erate drinkers (20-60 g of alcohol per day) showed values
from 3 to 40 units L? (median = 12), and the 72 subjects
with chronic alcohol abuse (> 60 g per day) revealed CDT
levels from 3 to 100 units L™ (median = 16). The diag-
nostic specificity for alcohol abuse was 86.8% for men
(sensitivity 36.9%) and 95% for women (sensitivity 0%).
Conclusion: OQur data indicate that measurement of CDT
does not reach clinical use in the detection of chronic
alcohol abuse in an unselected population because of its
insufficient specificity and sensitivity.

Comments

Alcohol-related liver disease accounts for up to 50% of
the patients who die of end-stage liver disease.! Patients
with alcoholic cirrhosis have posttransplantation sur-
vival rates similar to those for patients who undergo
transplantation for non-alcohol-related liver disease.24
However, relapse has been a significant concern in this
population. Most studies report relapse rates after trans-
plantation of 0% to 30%.5 These studies used various
definitions of relapse. Campbell et alé reported a small
minority of patients who returned to problematic
drinking, leading to rehospirtalization and, in some
cases, death.

The search for a way to detect alcohol use after
transplantacion has included developing biochemical
markers that reliably detect relapse. Abnormalities in
transferrin levels, later named carbohydrate-deficient
transferrin (CDT), were found in the cerebrospinal
fluid of patients with alcohol cerebellar degeneration in
1976,7 and later, in the serum of aleohol abusers.® Since
then, CDT has been studied as a marker of excessive



