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A hepatitis B subunit vaccine was given to 59 medical staff members, 106 hemodialysis patients
and 28 renal allograft recipients. The vaccine consisted of formalin-inactivated hepatitis Bgy ¢, anti-
gen (HBsAg) and was given in 3 doses (times 0, 1 and 6 months) of 20—40 ug. Some of the vaccinees
received anti-HBs antibodies together with the first vaccine dose (active/passive vaccination). One
month after the last injection, 93% of the medical staff members who had received active/passive
immunisation and 97% of those who had received active immunisation had detectable antiHB, anti-
bodies with mean titers ranging from 1:512 to 1:1024. In the group of hemodialysis patients anti-
bodies were detectable in 63—-65% of the individuals who had received active or passive/active immuni-
sation in mean titers between 1:32 and 1:64. Finally, only 32% of the renal allograft patients develop-
ed measurable anti-HBs antibodies, the titers of responders being still lower than in the hemodialysis
patients. Side effects occurred following 10% of all vaccine injections and were always mild in nature.

Within the 12 months observation period following the first vaccination, 3 HBV events occurred
in the 193 individuals: One aclinical case detected by a transient seroconversion against the hepatitis
B core antigen, one anicteric and one icteric hepatitis case.

The data illustrate the difficulties for active immunisation against hepatitis B of hemodialysis
patients or of renal transplant recipients.

hepatitis B vaccine; hemodialysis; renal transplant

INTRODUCTION

Various studies have shown that formalin-inactivated 22 nm hepatitis By, g, .. antigen
(HBsAg) subunit vaccines are highly immunogenic. 90—98% of healthy individuals develop
antibodies against HBsAg (anti-HBs) after 3 injections [6,10,14,16,22]. In contrast,
only 60—-90% of vaccinated hemodialysis patients develop anti-HBs [2,15,21]. A deficient
immune reactivity often associated with severe renal insufficiency might be the cause
[4,13] of this decreased responsiveness.
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Vaccination also provides a high degree of protection against hepatitis B virus (HBV)
infection. Protective efficacy has been demonstrated in a large double-blind trial with
1083 homosexuals [17], in smaller trials in medical personnel of hemodialysis centers
[1], in hemodialysis patients [11], and in Senegalese children [12]. It was observed
that HBV infections, if they occur at all in vaccinated individuals, do so either within the
first weeks after initiation of vaccination or later or mainly in individuals who develop
no or only low titered anti-HBs [18]. This observation further strengthens the assump-
tion that vaccine induced anti-HBs protects against HBV infections.

Individuals with various types of immunodeficiency are especially prone to HBV
infections. They not only acquire such infections more often than do healthy individuals,
they also more frequently become chronically infected, and thus represent a source
for further spread of HBV [5,19]. Hence, efficient vaccination of such patients would
be highly desirable.

We report here on a comparative immunogenicity trial with a hepatitis B subunit
vaccine in various high risk populations, including patients with renal allografts. The
purpose of the study was to have good base line data for the development of new vaccina-
tion schedules for patients, whose immunological responses are likely to be suboptimal.

MATERIAL AND METHODS

Two lots of a highly purified formalin-inactivated vaccine (with alum adjuvant), con-
sisting of the spherical 22 nm particles of HBsAg, developed by M.R. Hilleman and co-
workers, and produced by Merck Sharp & Dohme were used (MSD lot numbers 65249/
80700/C-6607 and 802/C-F733). The production procedure and the results of phase I
and phase II trials of this vaccine are described in detail elsewhere [7,8]. Vaccination
was offered to staff members, patients on hemodialysis, and patients with renal allo-
grafts of the renal units of the University Hospital Zurich, City Hospital Waid, Zurich,
the Neumiinster Hospital, Zollikerberg, and the Cantonal Hospitals of Aarau, Chur and
Schaffhausen. Vaccine was given to the first 25—35 individuals in each group, who gave
their written consent and who had no signs of past or ongoing infections with HBV.
Amongst patients with renal allografts only those were accepted who were under steady-
state medication with prednisone (10—20 mg), and azathioprine (50 mg) — a treatment
status generally achieved 3—4 months after transplantation — and who had no graft re-
jection episode within the preceding 4—6 months. Amongst patients with end stage
renal disease a distinction was made between those who were in a steady-state of hemo-
dialysis and those who were newly admitted to hemodialysis. Also included were staff
members and patients under hemodialysis of one center (City Hospital Waid) who had
received hepatitis B immunoglobulin (HBs Ig, KABI) every 3—4 months in the preceding
8 months to 2 years [23]. Such individuals as well as newly admitted hemodialysis patients
received a ‘last’ injection of HBs immunoglobulin (4 ml KABI or 3 ml MSD in newly
admitted patients) together with the first vaccination (passive/active immunisation).
Another group of hemodialysis patients, whose responses are reviewed here, received
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vaccine but no HBs immunoglobulin {(active immunisation). This group is part of a large
European multicenter immunogenicity trial coordinated by Professor Deinhardt, Max
von Pettenkofer Institute, Munich, F.R.G. Data were analysed for individuals who had
been vaccinated three times, and who had reached month 9 (3 months after the third
injection) by Nov. 1, 1981. The age and sex distributions of these groups and the modes
of immunisation are given in Table 1. All individuals were vaccinated at times 0, 1 and 6
months. All patients received 40 ug of HBsAg protein per injection. The staff members
were divided into two groups, one receiving 20 ug, and the other 40 ug doses per in-
jection.

The following parameters were tested in every blood sample taken at intervals of 1-3
months: HBsAg (AUSRIA II, Abbott), anti-HBs (AUSAB, Abbott), anti-HBc (CORAB,
Abbott), HBe and anti-HBeAg (radioimmunoassays, Abbott), and the transaminases
SGOT and SGPT. Sera positive for anti-HBs were titrated in 2-fold dilution steps. The
titers are expressed as the last serum dilution yielding a positive test (using program B
of an ANSR-B gamma counter, Abbott).

Vaccine recipients recorded their own body temperature and any side effects for a
period of 6 days following each injection. Furthermore, all doctors caring for such
patients were urged to record any unusual events,

RESULTS

By Nov. I, 1981, 9 or more months had elapsed since the initial vaccination in 193
individuals. 5 individuals had died. None of the deaths were in any way related to vac-
cination (e.g., 1 suicide, 1 brain tumor, 1 patient with decompensation of severe pre-
existing cardiac insufficiency and final septicemia). 4 individuals were lost to follow-
up.

Figures 1 and 2 summarize the occurrence and titers of anti-HBs at the various bleed-
ing times. Of the staff members, 93—-96% had anti-HBs after 7 months, while this was
the case in only 57—65% of hemodialysis patients, and in 32% of patients with renal
allografts. The average titers of those individuals who developed anti-HBs were between
1:512 to 1:1064 for staff members, between 1:32 and 1:64 for hemodialysis patients,
and between 1:16 and 1:32 for patients with renal allografts. Of the staff members 73—
85% had anti-HBs titers equal to or above 1:32 (130 IU). This was the case in 30—34%
of patients on hemodialysis, but only in 18% of patients with renal transplants. Within
vaccinee groups there were no significant differences in anti-HBs frequencies and titers
between individuals receiving active vaccination and those given active/passive immuni-
sation. There were also no obvious differences between males and females or between
various age groups. Staff members responded as well to 20 ug doses of vaccine as to 40
ug.

Two patients with renal allografts were vaccinated despite pre-existing anti-HBc
(without anti-HBe and anti-HBs). Both developed anti-HBs 30 days after the first vaccine
dose, and titers were high when compared to other reactive patients of this collective.
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Fig. 1. Anti-HBs after active immunisation with hepatitis B vaccine. A = vaccine injections; O @ = ug
HBsAg per imection; A4/X = individuals with preexisting anti-HBc alone. The titers given correspond
approx. to international units: 1 :4=171U;1:32=1301U;1:256 =11501U;1: 2048 = 8600 L.U.
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Fig. 2. Anti-HBs after active/passive immunisation with hepatitis B vaccine. | = HB Ig: 3 ml of Hepa-

titis B immunoglobulin MSD or 4 ml HB Ig Kabi; A = vaccine injections; O ®, ug HBsAg per injection.
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Table 1 also summarizes the frequency of side effects, HBV events, and elevation of
liver enzymes without specific signs of HBV infections: 20% (37 of 193) of all individuals
vaccinated had at least one symptom which they themselves attributed to one of the
three injections of the vaccine. 10% of over 650 injections of vaccine were thought by the
vaccinated individuals to be followed by side effects. In only one instance did the side
effects lead to withdrawal from the program. They consisted in order of frequency of:
pain at the injection site, headache, nausea, malaise, neuralgic pain (usually but not ex-
clusively in the proximity of the injection site), arthralgia/myalgia, vertigo, sweating, and
strong thirst. Three individuals had episodes of fever within the 7-day period following
one of the three injections, the temperature never exceeding 38°C.

After the initiation of vaccination, there were 4 HBV events amongst the 193 vac-
cinated individuals. In one hemodialysis patient anti-HBc was detected in one of the
consecutive bleedings (month 4). He had no anti-HBs at that time, but such antibodies
became detectable at month 7. Liver enzymes remained normal over the whole sur-
veillance period. In another hemodialysis patient, anti-HBc was detected at month
5. A blood sample taken 10 days later showed HBsAg. This was still detectable at month
11. The patient was never jaundiced, but has continued to have slight elevation of liver
enzymes. Another hemodialysis patient became jaundiced at month 9 and simuitaneously
became HBsAg positive. One newly admitted hemodialysis patient had HBeAg at time O,
HBsAg becoming detectable 10 days later. In this case, HBV infection must have occurred
well before vaccination was initiated.

In § patients, one of the two liver enzymes showed slightly elevated values, but only
in one of several consecutive bleedings. In no instance were clinical symptoms noted.
High liver enzyme levels were observed within a two week period among 5 patients in
one hemodialysis unit. Enzymes remained elevated for several weeks and in two patients
exceeded 1000 IU. These 2 individuals became jaundiced. None of these 5 patients
showed signs of a newly acquired infection with hepatitis A virus. Since other, non-
vaccinated individuals within the same hemodialysis unit simultaneously developed
anicteric hepatitis, it was inferred that a cluster of nonA/nonB hepatitis infections had
occutrred.

DISCUSSION

Our findings confirm and extend those reported by others [1,2,10]: (1) The MSD
HB subunit vaccine is highly immunogenic. Approximately 95% of healthy individuals
develop anti-HBsAg after 3 injections. (2) Hemodialysis patients develop anti-HBs less
often and at lower titers than healthy individuals. (3) Simultaneous injections of HBs
Ig and vaccine do not markedly hamper the formation of antibodies nor do they result
in lower antibody titers [3,20]. (4) Side effects occur infrequently and are mild in nature.

A new finding is that only about one third of patients with renal allografts, who are
under immunosuppressive medication, develop anti-HBs after 3 injections, and that these
individuals have rather low titers. Similar results might be expected in other patients who
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are under cytostatic regimens. The booster-like reaction occurring after vaccination in
two patients with renal allografts, who had signs of past HBV infection (anti-HB¢ only),
is a further confirmation of the rule that immunosuppressive regimens very strongly
inhibit primary immune reactions, but affect secondary immune reactions to a lesser
degree.

No analysis was made concerning the protective efficacy of the vaccine. The epidemi-
ological background of the renal transplant and hemodialysis units participating in the
study was that 20-30% of the hemodialysis patients and patients with renal allografts
are positive for HBsAg [9].

An important problem to be solved comes with the non-reactors making up 3—7% of
healthy individuals, 30—40% of hemodialysis patients, up to two thirds of patients with
renal allografts and most probably also of all other patients under immunosuppressive
treatment. New vaccination schedules are now being tested in new series of patients.
In the present test series non-reactors have already been revaccinated or will be so in the
near future. Preliminary results suggest that such additional injections of vaccine might
not solve the problem. Thus, one conclusion can be made already now: patients whose
diagnosis or disease course allows to predict a high risk of HBV infections, e.g. those who
are likely to be subjected to immunosuppressive treatment or repeated surgery, should be
vaccinated before such treatments are initiated. This holds especially true in areas where
the attack rates for HBV infections are still considerably high.
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