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Abstract 

We here studied the antibody response to a booster dose four years after the administration of one single dose of recombinant 
HB vaccine. Before receiving the booster dose, levels of protective antibodies (anti-HBs) were generally low and t1;'31 (59%) 
individuals lacked detectable antibodies (<  1 IL/L). Within 14 d of booster vaccination, 36j38 (95%) vaccinees showed levels of 
antibodies > 100 1U;'L. Notably, these levels were at least as high as those of a reference group 12 months after initiation of 
vaccination according to the standard threedose vaccination at intervals of 0, 1 and 6 months. In conclusion, one single dose of 
HB vaccine seemed to confer on young healthy individuals a well preserved B cell memory, disclosed as a rapid and strong 
antibody response to a second dose four years later. < i  1999 Elsevier Science Ltd. A11 rights reserved. 
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1. Introduction 

Before plasma-derived hepatitis B surface antigen 
(HBs) and Iater recombinant HBs vaccines were intro- 
duced on the market, much effort had been paid to 
optimizing the schedule of vaccination 111. According 
to present standard practice. three doses of recombi- 
nant vaccine are administered at 0, 1 and 6 months, a 
regimen by which > 90% of young healthy individuals 
develop plasma levels of HBs antibodies > 10 IUI 
L 11.2). These levels are strongly indicative of protec- 
tive immunity and moreover, they tend to endure for 
several years after completed vaccination [3J. Although 
a highly efficacious regimen is thus established? further 
work is nonetheless warranted to better understand the 
vaccine-induced immune response. For example, pro- 
tection is not necessarily paralleled by the presence of 
serum antibodies. Several years after vaccination, 
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when antibodies eventually tend to decline. protective 
immunity may still be quite well preserved id]. 

A problem of more immediate practical importance 
is that a large proportion of hospital staff and other 
target groups do inadvertently receive only one or two 
doses of the HB vaccine [5,6]  and the immune status 
of these individuals is unknown. More specifically. it is 
not known whether the three-dose schedule is indeed 
important to prime satisfactorily for a later booster 
vaccination. Of interest, recent data indicate that the 
administration of two doses of HB vaccine at 0 and 6 
months will .result in antibody le\,els similar to those 
obtained by the standard three-dose schedule (7.81 as 
well as in retained immunologic memory for HBs anti- 
gen 2 years after the initial dose of the vaccine (81. 

In 1994, we administered one single dose of recom- 
binant HB vaccine to students entering our medical 
school. Four years later* they received a booster dose 
and antibody responses were compared with those of 
referent subjects vaccinated with three doses according 
to standard practice. 
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2. Matetiah and metbods 

The design of the study was approved by the 
Research Ethics Committee of the Medical Faculty, 
University of Umei, Sweden. Infonned consent was 
obtained from all participating subjects. This was an 
open, randomized study in which healthy adult volun- 
teers (medical students) were assigned to receive DNA- 
recombinant HB vaccine ( ~ n ~ e r i x ~ ,  SmithKline 
Beecham. Brentford, Middlesex, UK) intramuscularly 
at a dose of 20 wg at 0. 1 and 6 months (group I) or at 
0 months followed by a single booster dose 48 months 
later (group LI). Before inclusion in the study, all indi- 
viduals were shown to be anti-HBsand anti-HBc nega- 
tive. Serum samples were also obtained from 
participants of group I at 1, 6. 12 and 48 months and 
from those of group TI at 1, 12 and 48 months after in- 
itiation of vaccination as we11 as 14 d after booster 
vaccination at 48 months. Ten randomly selected sub- 
jects of group I1 were sampled also on day 1, 3, 5 ,  7, 9 
and 14 d after booster vaccination. 

Serum samples were tested for anti-HBs using 
microparticle enzyme immunoassays (IMx AUShBg 
or the AxSYM AUSAB@ test kits. Abbott 
Laboratories. North Chicago. IL). The detection limit 
was, after calibration, set to 21 IU!L. Anti-HBc was 
analped using the MEIA .4xSYM CORE@ test kit 
(Abbott Laboratories). sensitivity according to the 
manufacturer c 1 PEI unit@L, (standardized against 
the Reference Standard of the Paul-Erlich-Institut. 
Langen, Germany). 

In group I, 50 healthy adult volunteers received all 
three doses of the vaccine. Of these, 42 (19 women, 23 

men, mean age 24.3 years. range 20-44 years) subjects 
were evaluable for serological follow up 12 months 
after the initial vaccination. In group 11. 54 subjects 
received the primary dose of whom 38 (19 women. 19 
men, mean age 24.8 years, range 20-40 years) were 
available for booster vaccination and serum sampling 
48 months later. 

3. Results 

Twelve months after initiation of vaccination with 
three doses of HB vaccine (group I), all 42 individuaIs 
tested showed anti-HBs levels 210 IUlL (Table I ) .  In 
39 subjects (93%). anti-HBs levels were > 100 IUZ. 
and in 27 (64%), levels were > 1000 IUjL. When sub- 
jects receiving one single dose of the vaccine (group 11) 
were tested at 12 months, 31/39 (79%) individuals had 
nondetectable levels ( < 1 IUIL) and 8 subjects (2 1 %) 
had levels between 1-10 IU/L. It should be remarked. 
however, that a larger proportion of the vaccine= 
might well have transiently achieved detectable or sero- 
protective levels of antibodies at 3-6 months. because 
this is the interval when peak levels have been 
recorded [8]. 

At 48 months after initiation of vaccination all par- 
ticipants were still anti-HBc negative. Serum from 30 
subjects of group I (13 women and 17 men) available 
for investigation all had anti-HBs levels > 10 IUj'L. In 
25 persons (83%), levels were > 100 IU/L and in 11 
(37%) they were > 1000 IU/L (Table 1). -4mong 41 
subjects of group I1 (20 women and 21 men), 24 (59%) 
lacked detectable antibodies, whereas 14 (31%) had 

Table 1 
Levels of antibodies to hepatitis B surface antigen (anti-HBs) at various intervals afur initiation of intramuscular vaccination with recombimnt 
HB vaccine at 0. 1 and 6 months (group 1) or 0 and 48 montbs (group 11) 
- - - - - - - - - - -- - . - -  

Levels No. of paticots I%) 
of Anti-HBs 

l month 6 months 12 montbs 48 months l month 12 months 48 months 
( n  = 47) (n = 43) (n  = 42) (n = 30) [n = 46) (n = 39) 

Before booster 14 days after 
(n = 41) bo- 

(n = 38) 
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Fig. 1 .  Kinetics of anti-HBs response to a booster do# of hepatitis 
B vaccine in 10 individuals vaccinated 48 months previously with 
ooc dasc of the vaccine. All subjects were tested on day 1. 3. 5. 7, 9 
and 14 after the booster vaccination. One individual failed to 
respond by day 14. 

levels 1-10 IU/L and three individuals (7%) had levels 
11-30 TOfL. 

At 48 months. 38 subjects of group 11 received a 
booster dose. 14 d later. 36j38 subjects (95%), had 
anti-HBs levels > 100 IUiL and 23 of them (61%) had 
levels > 1000 IU/L (Table 1). In 10 individuals of 
group lI, the kinetics of the anti-HBs response was 
studied. From undetectable levels (5 subjects) or Ievels 
1-10 TU!L (5 subjects), 9.i10 individuals showed a 
steep increase of antibodies during the second week 
after booste~ vaccination (Fig. 1). 

4. Discussion 

Four years after priming with one single dose of HB 
vaccine, a booster dose was found to induce a rapid 
and strong antibody response. As expected, the anti- 
body response to the first dose was weak or nondetect- 
able. Fourteen days after booster vaccination, 
however, HBs antibody levels were at least as high as 
those recorded in reference subjects 12 months after in- 
itiation of vaccination with three doses over a 6- 
month-period. 

The present findings might be related to current 
models to explain how B cell memory is generated. B 
cell activation through the interaction with antigen 
may result in differentiation either to an activated 
effector B cell, ultimately a plasma cell, or to a mem- 
ory B cell. Plasma cells have a short life span whereas 
memory cells with somatically mutated antigen recep- 

tors are believed to be long-lived [9,10]. In terms of 
cellular response, the present immunization with one 
single dose of HB vaccine seemed to result in a poor 
effector cell response but in an efficient development of 
memory B cells. Obviously, the stepwise elevation of 
antibody production aimed at by repeated injections 
may not be mandatory for the development of a long- 
term B cell memory. Instead. one single dose seems to 
prime effectiveIy for a strong and rapid recall antibody 
response several years later. 

The present observations remind of what may be 
found in subjects several years after vaccination 
according to standard practice. In spite of declining 
levels of HBs antibodies, these subjects usually exhibit 
signs of a well-preserved B cell memory. They respond 
rapidly to booster vaccination 111-131 and according 
to in iitro cell analysis, they have a level of immune- 
specific B celIs similar to that of individuals with 
retained antibody levels [14,15]. Moreover, the decline 
of HBs antibodies in these individuals is not paralleled 
by a loss of protective immunity. In a comprehensive 
survey of the literature, a large number of immune 
competent adults \kith declining antibody levels have 
been identified (41. Among these individuals. no single 
case of clinical HB virus disease or chronic infection 
was reported, despite a continuous exposure to HB 
virus. As discussed by the authors, viral infection may 
evoke a recall response similar by nature to that 
evoked by booster vaccination. Since HB virus infec- 
tion has an incubation period of at least several weeks. 
the infection might become aborted in due time before 
lesions appear (41. If this holds true. the immunologic 
memory here demonstrated four years after a single 
vaccine dose might implicate the presence of a signifi- 
cant degree of protection- Direct evidence of such pro- 
tective immunity is, however, not available. Thus far 
the conclusion is confined to state that these individ- 
uals are kvell prepared to respond to booster vacci- 
nation. 

One practical aspect of our results concerns the 
handling of all those who discontinue HB vaccination 
after their first dose. Obviously, one additional dose 
should suffice and this seems valid even when several 
years have elapsed. In individuals who may be difficult 
to teach as well as among individuals at low risk, for 
whom the standard practice may not be considered 
cost-effective, one dose should indeed be better than 
none at all. It needs to be emphasized, however. that 
the present data were confined to healthy individuals 
and may not be extrapolated to cornpromized groups. 
At least, our data indicates that post exposure prnphy- 
laxis will be markedly facilitated once a single dose has 
been previously given. 
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In conclusion, the injection of one single dose of 
recombinant HB vaccine induced in young healthy 
subjects a poor antibody response but an effective 
long-tern B cell memory, disclosed as a capability of 
evoking a rapid and strong antibody response to boos- 
ter vaccination four years later. 
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