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and Induction of Immunologic Memory
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Of the 110 dentists who had presented seroconversion 50 days after the intradermal application of three 2 µg
doses of the Belgian recombinant vaccine against hepatitis B (HB), administered eight years before at an interval of
one month between the 1st and 2nd doses and of five months between the 2nd and 3rd doses,  51 were included for
the assessment of the persistence of immunity. None of the dentists had hepatitis or had received HB vaccine during
this period. All subjects were submitted to serological tests for the detection of the following markers of hepatitis B
virus (HBV) infection: HBsAg, anti-HBc, HBeAg, anti-HBe, and anti-HBs, with no HBsAg, anti-HBc, HBeAg or anti-
HBe being detected. A microparticle enzyme immunoassay (MEIA) revealed the presence of anti-HBs at protective
titers (≥ 10 mIU/ml) in 42 dentists (82.4%), with the anti-HBs titer being higher than 100 mIU/ml in 36 of them
(70.6%) (good responders), between 10 and 100 mIU/ml in 6 (11.8%) (poor responders), and lower than 10 mIU/ml
in 9 (17.6%) (non-responders). According to clinical data and serological tests, none of the dentists had presented
disease or latent HBV infection during the eight years following the first vaccination. A 2 µg booster dose was
administered intradermally to eight dentists with anti-HBs titers lower than 10 mIU/ml (non-responders) and to six
dentists with titers ranging from 10 to 100 mIU/ml (poor responders); the determination of anti-HBs one month later
demonstrated the occurrence of seroconversion in the eight non-responders and an increase in anti-HBs titer in the
six poor responders. In summary, the present results demonstrated the prolonged persistence of protection against
HBV infection and the development  of  immunologic memory provided by vaccination   against   HB – with intra-
dermal application of three 2 µg doses of the Belgian recombinant vaccine at 0, 1, and 6 months – carried out eight
years before in 51 dentists.
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The immunogenicity and safety of hepatitis B (HB)
vaccines – both recombinant and derived from human
plasma administered intramuscularly in three doses at
standard intervals (0, 1, and 6 months) – are similar and
have been widely confirmed (Szmuness et al. 1980, 1982,
Stevens et al. 1985, 1987, Zajac et al. 1986,  Lee  et al. 1995).
In addition to high seroprotection rates, several studies
have demonstrated prolonged persistence of immunity
against HB (Hadler et al. 1986, Stevens et al. 1985, 1992,
Ding et al. 1993, Greenberg 1993, Lieming et al. 1993, Tabor
et al. 1993, Wainwright et al. 1997, Wu et al. 1999, 2001,
Dexter et al. 2002, Whittle et al. 2002) and the development
of immunologic memory (Gonzalez et al. 1993, Lai et al.
1993, Resti et al. 1993, Trivello et al. 1995, West & Calandra
1996, Da Villa et al. 1997, Li et al. 1998, Shih et al. 1999,
Chada & Arankalle 2000, Chongsrisawat et al. 2000,
Poovorawan et al. 2000, Ayerbe & Perez-Rivilla 2001,
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Banatvala et al. 2001, Watson et al. 2001, Dexter et al.
2002) as a result of the intramuscular application of both
recombinant and human plasma-derived HB vaccines to
adults and children using the scheme cited above.
Banatvala et al. (2001) referred to four studies carried out
with recombinant vaccines administered intramuscularly
to adults and children using habitual doses and regimens,
in which five to eight years after vaccination the serum
anti-HBs titer was equal to or higher than 10 mIU/ml in
83% to 93% of the vaccinees. Watson et al. (2001),
evaluating the response to intramuscular application of a
booster dose of recombinant HB vaccine 13 years after
the application of three usual doses at 0, 1, and 6 months,
demonstrated the presence of immunologic memory in all
individuals studied (18 vaccinated during childhood and
seven vaccinated at more than 30 years of age).

However, only few and short-term studies are available
regarding the duration of immunity conferred by HB
vaccine administered by the intradermal route. Thus, the
objective of the present study was to determine the
persistence of immunity conferred by recombinant HB
vaccine administered intradermally in three small doses
of 2 µg (1/10 of the amount of antigen present in the usual
dose indicated for adults). During the course of the study
the presence of immunologic memory was also assessed.
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The vaccines were administered at the same intervals rou-
tinely employed in the application of intramuscular doses
(0, 1, and 6 months). We studied dentists who had been
immunized by intradermal injection of the Belgian recom-
binant vaccine eight years before.

PATIENTS AND METHODS

The initial objective of the present study was to
determine the persistence of immunity against HB
(presence of anti-HBs in serum at protective titers) in 110
dentists who had seroconverted eight years before after
intradermal administration of three 2 µg doses of the
Belgian HB recombinant recombinant vaccine (Engerix-B,
SmithKline Beecham), applied at an interval of one month
between the first and second doses and of five months
between the second ant third doses. During the course of
the study it became also possible to determine the
presence of immunologic memory conferred by the first
vaccination.

Telephone contact could be maintained with 106 of
the 110 dentists, who were informed about the project to
be developed, and all were willing to participate in the
second part of the study.  Fifty-five  dentists were excluded:
26 had received one or more HB vaccine doses during the
period mentioned; one died during the study; and 28 had
received a fourth intradermal 2 µg dose of HB vaccine in
1991, six months after the third dose.

The study protocol  was  approved by the Bioethics
Committee of the Regional University Hospital of
Northern Paraná (HURNP),  State University of Londrina.

The 51 dentists included in the study signed an
informed consent form to participate after they had
individually received explanations about the methodology
and objectives of the study by one of the authors (MCME).
All participants answered a brief questionnaire regarding
identification data and information about the occurrence
of viral hepatitis and vaccination against HB during the
period since the first vaccination.

For the serological tests, blood samples (7 ml) were
collected between October 5 and December 22, 1999 from
51 dentists by venipuncture in the antecubital region using
a standard technique. The following serological markers
of HBV infection were determined at the Laboratory of
Clinical Analyses of HURNP by a microparticle enzyme
immunoassay (MEIA) using kits from Abbott La-
boratories, US: HBsAg, anti-HBs, anti-HBc, HBeAg, and
anti-HBe, with the results only being characterized as
reactive or non-reactive, except for anti-HBs which was
quantified as mIU/ml, with the result being considered to
be reactive when the anti-HBs concentration was equal
to or higher than 10 mIU/ml (Hadler et al. 1986, CDC 1987).
Dentists with reactive anti-HBs were considered good or
poor responders when the serum anti-HBs concentration
was higher than 100 mIU/ml or between 10 and 100 mIU/
ml, respectively (Pead 1986,  Ferraz et al. 1992). Intradermal
application of a 2 µg booster dose (0.1 ml) of the Belgian
recombinant vaccine between January 14, 1999 and
January 21, 2000 was indicated to dentists who did not
show any of the serological markers for hepatitis B virus
(HBV) infection, or whose anti-HBs concentration was
lower than 100 mIU/ml. About one month later between

January 11 and February 18, 2000, a new blood sample
was collected from dentists receiving this booster dose
for the determination of all serological markers by MEIA,
with quantification of anti-HBs.

The age of the participants is reported as mean and
median. The Fisher exact test was used for the evaluation
of serum anti-HBs concentration when associated with
age group and sex, with the level of significance set at
0.05. The comparison between the age of the males and
females was made using the Mann-Whitney test.

RESULTS

The age of the 51 dentists ranged from 31 to 65 years,
with a mean age of 41.1 and a median of 39.0 years. The
mean age of the 28 male dentists (43,4 years)  and  of  the
23 female dentists (38,3 years) was  similar (p > 0.05). Forty
(78.5%) dentists were white and 11 (21.5%) were non-white
(all of Asian origin).

None of the 51 dentists reported the occurrence of
viral hepatitis during the period since the first vaccination,
nor did they present HBsAg, anti-HBc, HBeAg or anti-
HBe in serum. Nine (17.6%) dentists (6 male; 3 female)
were non-reactive and 42 (82.4%) dentists (22 male; 20
female) were reactive for anti-HBs, with the anti-HBs
concentration being 10 to 100 mIU/ml in 6 of them (11.8%)
and higher than 100 mIU/ml in 36 (70.6%). Anti-HBs
concentration was 10 to 100 mIU/ml in 6 (14.3%) of the 42
dentists reactive for this antibody and higher than 100
mIU/ml in 36 (85.7%); in the last group. 13/36 (36.1%) have
serum anti-HBs titer higher than 1000 mIU/ml; among the
22 male dentists reactive for anti-HBs, the serum con-
centration of this antibody ranged from 10 to 100 mIU/ml
in 3 (13.6%) and was higher than 100 mIU/ml in 19 (86.4%).
Serum anti-HBs concentration ranged from 10 to 100 mIU/
ml in 6 (15%) of the 20 female dentists reactive for this
antibody and was higher than 100 mIU/ml in 17 (85%). No
significant difference in the distribution of serum  anti-
HBs  titers  was  observed   between  male  and  female
dentists. Comparison of the number of individuals reac-
tive for anti-HBs between the group with a serum anti-
HBs concentration of 10 to 100 mIU/ml and the group
with a concentration higher than 100 mIU/ml did  not reveal
any significant difference between sexes.

Twenty five (59.5%) of the 42 dentists reactive for anti-
HBs ranged in age from 30 to 40 years, while 17 (40.5%)
were older than 40 years, with neither of these two age
groups showing a predominance in the number of dentists
reactive for anti-HBs (p = 0.4740).

Eight dentists, who were non-reactive (< 10mIU/ml)
for serum anti-HBs eight years after the first vaccination,
were submitted to the intradermal application of a 2 µg
booster dose of the Belgian recombinant vaccine; sero-
conversion was observed in all of them, with the serum
anti-HBs titer ranging from 10 to 100 mIU/ml in 2 (25%)
(poor responders) and with the titer being higher than 100
mIU/ml in 6 (75%) (good responders) (Table); a 2 µg
booster dose of the same vaccine was also administered
intradermally to six dentists with a serum anti-HBs con-
centration between 10 and 100 mIU/ml (poor responders)
eight years after the first vaccination, with an increase in
anti-HBs concentration being observed in all of them: 4
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(66.7%) with a titer between 100 and 1000 mIU/ml and 2
(33.3%) with a titer higher than 1000 mIU/ml (Table).

DISCUSSION

Determination of serological markers for HBV infection
in the 51 dentists who had shown seroconversion eight
years before after intradermal administration of three 2 µg
doses of the Belgian recombinant vaccine at 0, 1, and 6
months demonstrated that none of them had been infected
with HBV during this period and that 42 (82.4%) still
presented a protective serum anti-HBs concentration, with
36 of them (70.6%) showing a titer higher than 100 mIU/
ml.

As mentioned, prolonged persistence of immunity
conferred by HB vaccines has been demonstrated for both
recombinant vaccines and vaccines derived from human
plasma administered intramuscularly at routinely recom-
mended doses to adults and children at an interval of one
month between the first and second dose and of five
months between the second and third dose (0, 1, and 6
months). However, few studies have been published con-
cerning the persistence of immunity conferred by HB vac-
cination with low doses administered intradermally using
the same regimen. Bryan et al. (1992) demonstrated that
protection (anti-HBs ≥ 10 mIU/ml) conferred by the appli-
cation of three 2 µg doses of the North-American vaccine
obtained from human plasma (Heptavax-B, Merck Sharp
& Dohme) in the same regimen as used here (0, 1, and 6
months) persisted in 97% of vaccinees for 14 months and
in 89% for 25 months; application of a booster dose in the
16 individuals who had not seroconverted induced pro-
tective serum anti-HBs levels in 69%. Jaiswal et al. (1995)
showed the persistence of immunity in 93.3% of 200 adults
who had seroconverted three years before, after intrader-
mal application of three 4 µg doses of human plasma vac-
cine in the same regimen as cited above; a booster effect
resulting from the intradermal administration of a comple-
mentary dose (4 µg) of the same vaccine was observed in
27 individuals who had become non-reactive. Kurugöl et
al. (2001) reported the persistence of immunity in 87% of
44 children who had developed immunity five years be-
fore after intradermal administration of three 2 µg doses
of the French recombinant vaccine (GenHevac B, Pas-
teur-Mérieux) at the same intervals (0, 1, and 6 months);
seven children who had become non-reactive (anti-HBs <

10 mIU/ml) showed a serum concentration of this anti-
body higher than 1000 mIU/ml after intramuscular admin-
istration of an additional vaccine dose.

In the present study, 14 dentists who had sero-
converted after the first vaccination, but who had become
non-reactive eight years later or who presented a serum
anti-HBs concentration between 10 and 100 mIU/ml,
responded to intradermal application of a booster dose of
the same vaccine (2 µg), all of them returning to present
protective anti-HBs titers, which were higher than 100 mIU/
ml in 12 individuals (Table). This fact represents clear
evidence of the presence of immunologic memory induced
by the first vaccination eight years before. The authors
cited above (Bryan et al. 1992, Jaiswal et al. 1995, Kurugöl
et al. 2001), who reported a shorter persistence of immunity
to hepatitis B than that observed in the present study, i.e.,
two, three, and five years after the first vaccination,
respectively, also observed a booster effect after intra-
dermal application of a booster dose to previously serop-
ositive  individuals  whose  serum  anti-HBs  titer  had
been lower than 10 mIU/ml. As mentioned, evidence of
the induction of immunologic memory by a first vaccina-
tion has also been obtained after intramuscular vaccina-
tion with usual doses of recombinant and human plasma-
derived vaccines.

The serum anti-HBs titers quantified by MEIA eight
years after the first vaccination were found to be very
high (higher than 1000 mIU/ml) in 11 (26.2%) of the 42
dentists who had been considered to be good responders
and in 2 (22.2%) of the nine dentists considered to be
poor responders after the first vaccination, eight years
before, suggesting  that these individuals may be recently
exposed to an antigen stimulus (professional exposure to
hepatitis B virus?).

Additionally, high serum anti-HBs concentrations (640
and > 1000 mIU/ml) were observed in two (50%) dentists
– one poor responder and one non-responder upon
serological testing eight years after the first vaccination –
of the four considered to be poor responders after the
first vaccination (eight years before), injected intradermally
with a 2 µg booster dose of the same vaccine.

The data obtained in this study permit us to conclude
that the Belgian hepatitis B vaccine administered intra-
dermally in three 2 µg doses (0, 1, and 6 months), in addi-
tion to causing high seroconversion rates, induces per-

TABLE

Distribution of  serum anti-hepatitis B (HBs) titers before and one month after intradermal administration of a 2 µg booster dose
of the Belgian recombinant HB vaccine in the dentists in whom the serological test for anti-HBs carried out eight years after the

first vaccination was non-reactive (< 10mIU/ml) and in whom the serum anti-HBs titers ranged from 10 to 100 mIU/ml

Serum anti-HBs titer Serum anti-HBs titer one month after  application of  the booster dose
before application of (mIU/ml)
the booster dose
(mIU/ml) 10 |—| 100 100 —|1000  > 1000 Total

Nr  % Nr %       Nr %             Nr %

     < 10  2 25   4 50  2 25 8 100

10 |—| 100  — —   4   66.7  2   33.3 6 100
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sistent immunity lasting at least eight years and the es-
tablishment of immunologic memory.

The prolonged persistence of immunity and the
development of immunologic memory in individuals
receiving the complete HB vaccination scheme
demonstrated in the literature and in the present study
support the widely accepted concept that the administra-
tion of a booster dose of the HB vaccine becomes un-
necessary in immunocompetent individuals who develop
immunity after application of the basic regimen (three
doses at appropriate intervals) (European Consensus
Group on Hepatitis B Immunity 2000, Watson et al. 2001,
Koff 2002).

REFERENCES

Ayerbe MC, Perez-Rivilla A 2001. Assessment of long-term
efficacy of hepatitis B vaccine. Eur J Epidemiol 17: 150-
156.

Banatvala J, Van Damme P, Oehen S 2001. Lifelong protection
against hepatitis B: the role of vaccine immunogenicity in
immune memory. Vaccine 19: 877-885.

Bryan JP, Sjogren MH, MacCarthy P, Cox E, Legters J, Perine
PL 1992. Persistence of antibody to hepatitis B surface
antigen after low-dose, intradermal hepatitis B immuniza-
tion and response to a booster dose. Vaccine 10: 33-38.

CDC-Centers for Disease Control 1987. Update on hepatitis B
prevention. Recommendations of the Advisory Committee
on Immunization Practices (ACIP). Morbid Mortal Wkly
Rep 36: 353-360.

Chada MS, Arankalle VA 2000. Ten-year serological follow-up
of hepatitis B vaccine recipients. Indian J Gastroenterol
19: 168-171.

Chongsrisawat V, Theamboonlers A, Khwanjaipanich S,
Owatanapanich S, Sinlaparatsamee S, Poovorawan Y 2000.
Humoral immune response following hepatitis B vaccine
booster dose in children with and without prior im-
munization. Southeast Asian J Trop Med Public Health 31:
623-626.

Da Villa G, Pelficcia MG, Peluso F, Ricciardi E, Sepe A 1997.
Anti-HBs responses in children vaccinated with different
schedules of either plasma-derived or HBV DNA re-
combinant vaccine. Res Virol 148: 109-114.

Dexter S, Wext DJ, Ioli V 2002. Persistence of antibody and
immunologic memory in children immunized with hepatitis
B vaccine at birth. Pediatr Infect Dis J 21: 793-795.

Ding L, Zhang M, Wang Y, Zhou S, Kong W, Smego Jr RA 1993.
A 9-year follow-up study of the immunogenicity and long-
term efficacy of plasma-derived hepatitis B vaccine in high-
risk Chinese neonates. Clin Infect Dis 17: 475-479.

European Consensus Group on Hepatitis B Immunity 2000.
Are booster immunizations needed for lifelong hepatitis B
immunity? Lancet 355: 561-565.

Ferraz MLG, Silva AE, Yamamoto M, Guimarães RX 1992.
Hepatitis B vaccine – proposal for a standardized as-
sessment of immune response. Rev Inst Med Trop São Paulo
34:137-140.

Gonzalez ML, Gonzalez JB, Salva F, Lardinois R 1993. A 7-
year follow-up of newborns vaccinated against hepatitis B.
Vaccine 11: 1033-1036.

Greenberg DP 1993. Pediatric experience with recombinant
hepatitis B vaccines and relevant safety and immunogeni-
city studies. Pediatr Infect Dis J 12: 438-445.

Hadler SC, Francis DP, Maynard JE, Thompson SE, Judson
FN, Echenberg DF, Ostrow DG, O’Malley PM, Penley
KA, Altman NL, Braff E, Shipman GF, Coleman PJ, Mandel

EJ 1986. Long-term immunogenicity and efficacy of hepa-
titis B vaccine in homosexual men. N Engl J Med 315: 209-
214.

Jaiswal SP, Asolkar MV, Vijayvargiya R, Chitnis DS 1995. Im-
munogenicity of low dose hepatitis B vaccine by the intra-
dermal route & persistence of anti-HBs after three years.
Indian J Med Res 102: 129-133.

Koff RS 2002. Immunogenicity of hepatitis B vaccines: impli-
cations of immune memory. Vaccine 20: 3695-3701.

Kurugöl Z, Erensoy S, Aksit S, Egemen A, Bilgiç A 2001. Low-
dose intradermal administration of recombinant hepatitis
B vaccine in children: 5-year follow-up study. Vaccine
19: 3936-3939.

Lai CL, Wong BCY, Yeoh EK, Lim WL, Chagn WK, Lin HJ
1993. Five-year follow-up of a prospective randomized
trial of hepatitis B recombinant DNA yeast vaccine vs
plasma-derived vaccine in children: immunogenicity and
anamnestic responses. Hepatology 18: 763-767.

Lee P-I, Lee C-Y, Huang L-M, Chang M-H 1995. Long-term
efficacy of recombinant hepatitis B vaccine and risk of natu-
ral infection in infants born to mothers with hepatitis B e
antigen. J Pediatr 126: 716-721.

Li H, Li RC, Liao SS, Yang JY, Zeng XJ, Wang SS 1998. Persis-
tence of hepatitis B vaccine immune protection and response
to hepatitis B booster immunization. World J Gastroenterol
4: 493-496.

Lieming D, Mintai Z, Yinfu W, Shaochon Z, Wiqin K, Smego Jr
RA  1993. A 9-year follow-up study of the immunogenicity
and long-term efficacy of plasma-derived hepatitis B vac-
cine in high-risk Chinese neonates. Clin Infect Dis 17: 475-
479.

Pead PJ 1986. Immune responses to hepatitis B vaccination in
hospital staff. Biomed & Pharmacother 40: 251-253.

Poovorawan Y, Theamboonlers A, Hirsch P, Vimolket T,
Sinlaparatsamee S, Chaiear K, Siraprapasiri T, Khwan-
jaipanich S, Owatanapanich S, Chunsuttiwat S 2000. Per-
sistence of antibodies to the surface antigen of the hepatitis
B virus (anti-HBs) in children subjected to the Expanded
Programme on Immunization (EPI), including hepatitis-B
vaccine, in Thailand. Ann Trop Med Parasitol 94: 615-621.

Resti M, DiFrancesco G, Azzari C, Rossi ME, Vierucci A 1993.
Anti-HBs and immunological memory to HBV vaccine:
implication for booster timing. Vaccine 11: 1079.

Shih H-H, Chang M-H, Hsu H-Y, Lee P-I, Ni Y-H, Chen D-S
1999. Long term immune response of universal hepatitis B
vaccination in infancy: a community-based study in Tai-
wan. Pediatr Infect Dis J 18: 427-432.

Stevens CE, Taylor, PE, Rubinstein. P, Ting RC, Bodner AJ,
Sarngadharn MG, Gallo RC 1985. Safety of hepatitis B
vaccine. N Engl J Med 312: 375-376.

Stevens CE, Taylor PE, Tong MJ, Toy PT, Vyas GN, Nair PV,
Weissman JY, Krugman, S 1987. Yeast-recombinant hepati-
tis B vaccine: Efficacy with hepatitis B immune globulin in
prevention of perinatal hepatitis B virus transmission.
JAMA 257: 2612-2616.

Stevens CE, Toy, PT, Taylor PE, Lee T, Yip H-P 1992. Pros-
pects for control of hepatitis B virus infection: Implica-
tions of childhood vaccination and long-term protection.
Pediatrics 90:170-173.

Szmuness W, Stevens CE, Harley EJ , Zang EA, Oleszko WR,
William DC, Sadovsky R, Morrison JM, Kellner A 1980.
Hepatitis B vaccine. Demonstrations of efficacy in a con-
trolled clinical trial in a high-risk population in the United
States. N Engl J Med 303: 833-841.

Szmuness W, Stevens CE, Harley EJ , Zang EA, Alter HJ,
Taylor PE, De Vera A, Chen GT, Kellner A 1982. Hepatitis
B vaccine in medical staff of hemodialysis units. Efficacy



1113Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 98(8), December 2003

and subtype cross-protection. N Engl J Med 307: 1481-
1486.

Tabor E, Cairns J, Gerety J, Bayley AC 1993. Nine-year fol-
low-up study of a plasma-derived hepatitis B vaccine in a
rural African setting. J Med Virol 40: 203-209.

Trivello R, Chiaramonte M, Ngatchu T, Baldo V, Majori S,
Moschen ME, Simoncello I, Renzulli G, Naccarato R 1995.
Persistence of anti-HBs antibodies in health care personnel
vaccinated with plasma-derived hepatitis B vaccine and
response to recombinant DNA HB booster vaccine. Vaccine
13: 139-141.

Wainwright RB, Bulkow LR, Parkinson AJ, Zanis C, McMahon
BJ 1997. Protection provided by hepatitis B vaccine in a
Yupik Eskimo population – results of a 10-year study. J
Infect Dis 175: 674-677.

Watson B, West DJ, Chilkatowsky A, Piorcy, Ioli, VA 2001.
Persistence of immunologic memory for 13 years in
recipients of a recombinant hepatitis B vaccine. Vaccine 19:
3164-3168.

West DJ, Calandra GB 1996. Vaccine induced immunologic
memory for hepatitis B surface antigen: implications for
policy on booster vaccination. Vaccine 14: 1019-1027.

Whittle H, Jaffar S, Wansbrough M, Mendy M, Dumpis U,
Collinson A, Hall A 2002. Observational study of vaccine
efficacy 14 years after trial of hepatitis B vaccination in
Gambian children. Brit Med J 325: 569-573.

Wu JS, Hwang L-Y, Goodman KJ, Beasley RP 1999. Hepatitis
B vaccination in high-risk infants: 10-year follow-up. J
Infect Dis 179: 1319-1325.

Wu WS, Sun CM, Jiang MB, Xu Y, Zhang GH, Liu CB, Cao
HL, Lin XM, Xu ZY 2001. Long-term efficacy of vac-
cination against hepatitis B in newborns: 13 years’ follow-
up. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi
15: 239-241. (Chinese Journal of Experimental and Clinical
Virology).

Zajac BA, West DJ, McAleer WJ, Scolnick EM 1986. Overview
of clinical studies with hepatitis B vaccine made by
recombinant DNA. J Infect 13(Suppl. A): S39-45.


