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SUMMARY: Clinical and laboratory staff of the Army and RAF medical services at risk of acquiring infection 
with hepatitis B were immunised against the virus with a recombinant vaccine. Vaccine was administered in 
Service hospitals and medical centres located throughout the world. 

After a primary course of vaccine, 73% of personnel developed anti-HBs titres~ 100 lUlL to hepatitis B surface 
antigen and were considered protected; 11 % were non-responders (anti-HBs <10 lUll). A significantly higher 
proportion of females than males, and vaccinees under 40 years of age, produced a good response. 

Among those achieving a good response, antibody titres were higher in the younger age group and in females. 
After a fourth (booster) dose of vaccine, 87.2% of the poor responders and 37% non-responders, developed anti
HBs titres ~ 100 lUlL. 

Introduction 
Infection with hepatitis B virus (HB) is a major 

occupational risk for all clinical care personnel with direct 
patient contact and exposure to infected blood and body 
fluids (1). Health care personnel in the Armed Services 
are equally at risk of infection but in addition they are 
more mobile than their colleagues in civilian life. They 
may be required, frequently and at short notice, to work in 
countries located in sub-Saharan Africa, Central America, 
South East Asia and recently the Middle East and Eastern 
Europe where the prevalence of hepatitis B infection and 
its chronic carriage in the indigenous populations is 
higher than that in the United Kingdom (UK) (2, 3, 4). 

* now Frimley Park Hospital, Surrey 
** now BMH Rinteln, BFPO 31 
*** now Western General Hospital, Edinburgh 

Immunisation against hepatitis B virus has been 
available to medical staff at risk of infection for several 
years and is one of the accepted preventive measures. 
Studies of hepatitis B immunisation in health service staff 
in the UK have demonstrated that the vaccines are both 
safe and immunogenic (5, 6, 7, 8). 

Following the introduction of a Joint Services Policy 
(9), a programme for voluntary vaccination against 
hepatitis B virus, using a recombinant vaccine, was 
started for Service personnel who will be at occupational 
risk of acquiring hepatitis B infection. 

From I st July 1994 it has been Ministry of Defence 
policy that all surgeons must have completed a course of 
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hepatitis B immunisation and been shown to have a good 
response. Those individuals who have not responded to 
the vaccine after a booster dose are to be tested for 
markers of hepatitis B infection. If found to be HBe 
antigen positive then they are to stop 'exposure prone 
procedures' and be referred for occupational advice and 
treatment. This policy will be extended on 1st July 1995 
to include all individuals who perform 'exposure prone 
procedures'. This study reports an analysis of the 
antibody responses in a large mobile population of 
Service health care personnel after receiving a 
recombinant hepatitis B vaccine in centres located world
wide. 

Methods and Materials 
From January 1988 onwards a recombinant (yeast

derived) hepatitis B surface antigen vaccine was 
administered to 3253 Service health care personnel (aged 
17 to 65 years) at risk of occupational exposure to 
hepatitits B virus and their post-immunisation anti-HBs 
titres were determined. Vaccinees were surgical, medical, 
dental, nursing and laboratory staff of the Army and the 
RAF medical services. Personnel received the vaccine at 
four RAF Hospitals in the UK, West Germany and 
Cyprus and at the RAF Institute of Pathology and 
Tropical Medicine, Halton and at seven Army hospitals 
(plus associated medical and dental centres) in the UK, 
West Germany, Hong Kong and at the Royal Army 
Medical College (RAM College). 

Vaccination programmes were administered by 
hospital, medical and dental centre based general 
practitioners and their staff. 

Each individual received a I ml dose (20 flg/ml antigen 
protein) of recombinant vaccine (Engerix B; Smith Kline 
Beecham Pharmaceuticals, Hertordshire, u.K.) into the 
deltoid muscle, on day one and at I month and 6 months 
thereafter, according to the manufacturer's recom
mendations. 

An accelerated vaccination schedule was used for 55 
male Service personnel; doses given at 0, I and 2 months 
as recommended by the Departments of Health (10). 

Blood samples were collected from all vaccinees 
between 8 and 12 weeks after the third dose of vaccine 
and the serum stored at -400 C until assayed. 

Immunisation Hepatitis B Infection 

Antibodies to hepatitis B surface antigen (anti-HBs) in 
post-immunisation sera were measured by quantitative 
enzyme-linked immunoassays; Organon Teknika Anti
HBs (Organon Teknika Limited, Cambridge. UK) was 
used at RAF HaIton and' Ausab' EIA and' Ausab' 
Quantitation Panel (Abbott Laboratories, North Chicago, 
IL) at RAM College. One hundred sera were analysed by 
both methods and no significant difference found between 
results. 

The recommendations of the International Group for 
the interpretation of the levels of anti-HBs antibodies 
after immunisation were followed throughout this study 
(1 I): individuals with anti-HBs titres ::;10 International 
Units per litre (lUlL) were considered to be non
responders and not protected, those with titres :::::10 and 
<100 lUlL as poor responders and those with titres :::::100 
lUlL as good responders with long term protection. 

Non-responders and poor responders to the primary 
course of vaccine were given a fourth I ml (20ug/ml) 
booster dose of vaccine and blood samples were collected 
for anti-HBs assay between 8 and 12 weeks afterwards. 

Statistical Methods 
Response data were analysed by the GUM package 

(12) using multiple logistic regression, with sex, age, 
Service and pre-booster antibody response group as 
factors and estimation by the method of maximum 
likelihood. The odds ratios produced (with their 
associated confidence intervals and significance levels 
testing the null hypothesis of no association between the 
factors and antibody response) represented the risk ratios 
in going from one level of a factor to the other (13). All 
the risk ratios reported were stratified to remove 
anomalies due to the uenven distributions of the factors of -
interest. 

Results 
Of the 3253 vaccinees, post-immunisation antibody 

titres and vaccination schedules were available for 2871 
(88.3%; 1636 females and 1235 males) and of these, data 
for age were also available for 2729 individuals (1571 
females, 1158 males). 

The highest uptake of vaccination was by operating 
theatre technicians (95%), followed by dental surgeons _ 

Table 1 

Antibody Response to Hepatitis B Vaccine in Armed Service Medical Personnel: 
Post-Immunisation Titres of Anti-HBs (lUlL) 

Males (43.0%)+ 
Females (57.0%)* 
Total vaccinees 

Note: 
Males 
Females 

+ % of total vaccinees 
* % of total vaccinees 

Total sera examined 

1235 
1636 
2871 

Good response 
:::::100 lUlL 

780 (63.2%) 
1321 (80.7%) 
2101 (73.2%) 

Poor response 
<100 lUlL 

455 (36.8%) 
315 (19.3%) 
770 (26.8%) 
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Table 2 

Antibody Response to Hepatitis B Vaccine - Effect of Age on Post-Immunisation Anti-HBs Titres 
in Female Vaccinees 

Age (Years) Total sera examined Good response;::: 100 lUlL Poor response < 100 lUlL 

17-29 
30-39 
40-49 
50-65 

Total vaccinees 

986 
381 
139 
65 

1571 

835 (84.7%) 
289 (75.9%) 
108 (77.7%) 
37 (56.9%) 

1269 (80.8%) 

151 (15.3%) 
92 (24.1%) 
31 (22.3%) 
28 (43.1%) 

302 (19.2%) 

Table 3 

Antibody Response to Hepatitis B Vaccine - Effect of Age on Post-Immunisation Anti-HBs Titres 
in Male Vaccinees 

Age (Years) Total sera examined Good response;::: 100 lUlL Poor response < 100 lUlL 

17-29 594 
30-39 355 
40-49 152 
50-65 57 

Total vaccinees 1158 

(90%), dental assistants and laboratory staff (both 85%), 
nursing staff (75%) and physicians and surgeons (66%). 

The reasons for not undergoing vaccination were 
determined for 139 personnel. The majority, 60%, 
intended to seek vaccination in the future; a further 20% 
considered themselves not to be at risk; followed by 
difficulty in arranging vaccination 7.5%; unspecified 6%; 
fears for vaccine safety or effectiveness 3.5% and needle 
phobia 3%. 

After a primary course, 88.9% of 2871 vaccinees 
overall responded to the vaccine (;::: 10 IU/L), and 73.2% 
developed a good response (anti-HBs titre;::: 100 IU/L), 
Table 1. More males than females produced a poor 
response to vaccine (36.8% compared to 19.3%). Using 
date from 2729 individuals the risk ratio (odds ratio or 
approximate relative risk) of poor response if male, and 
stratified by Service, is 2.48% overall (95% Cl 2.09 -
2.93, P < 0.0001). 

400 (67.3%) 194 (32.7%) 
217(61.1%) 138 (38.9%) 

83 (54.6%) 69 (45.4%) 
26 (45.6%) 31 (54.4%). 

726 (62.7%) 432 (37.3%) 

Tables 2 and 3 show that the antibody response to 
vaccine is poorer with increasing age in both sexes. When 
the results are stratified by gender and Service, the risk 
ratio of poor response if 40 years of age or over is 1.77 
(95% Cl 1.42 - 2.22, P < 0.0001). 

A significant difference in antibody response due to 
gender has been demonstrated and the results are very 
similar when additionally stratified for age. Among 2729 
vaccinees with documented age and gender, 310 (11.4%) 
were classified as non-responders (anti-HBs <10 IU/L). 
Table 4 shows that non-response to hepatitis B vaccine is 
associated with male gender; 16.8% of male vaccinees 
compared with 7.4% female vaccinees were non
responders, (the risk ratio is 2.50 95% Cl, 1.95 - 3.19, P 
« 0.0001), and, to a lesser extent with increasing age, 
the risk ratio of non-response if 40 years of age or over is 
1.56 (95% Cl, 1.16 - 2.10,0.001 < P < 0.005). 

Table 4 

Distribution of Non-Responders (Anti-HBs < 10 lUlL) by Age and Gender 

Age (Years) Male Female Combined 

17-29 85/594 (14.3%) 58/986 (5.8%) 14311580 (9.0%) 
30-39 59/355 (16.6%) 40/381 (10.5%) 99/736 (13.5%) 
40-49 371152 (24.3%) 131139 (9.3%) 50/291 (17.2%) 
50-65 13/57 (22.38%) 5/65 (7.7%) 18/122 (14.8%) 

Total vaccinees 194/1158 (16.8%) 116/1571 (7.4%) 310/2729 (11.4%) 
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Table 5 

Response to Fourth (Booster) Dose of Hepatitis Vaccine 

Titre 
Pre-Booster 

<10 IUIl 

10-99 IUIl 

Total 

Total Sera Examined 

(Male 49 
( Female 43 
( Combined 92 

(Male 53 
( Female 56 
( Combined 109 

201 

Anti-HBs Titre Post-Booster 
<100 lUlL ~ 100 lUlL 

30 (61.\%) 19 (38.8%) 
28 (65.1%) 15 (34.9%) 
58 (63.0%) 34 (37.0%) 

8 (15.1%) 45 (84.9%) 
6 (10.7%) 50 (89.3%) 

14 (12.8%) 95 (87.2%) 

72 (35.8%) 129 (64.2%) 

Table 6 

Distribution of Anti-HBs Titres in Good Responders (2:: 100 lUll) 
by Age and Gender 

AntiIHBs Titre (lUll) 

Age 
(yrs) 

17-29 
30-39 
40-65 

Total: All ages 

Total: 
(All ages, both sexes) 

Number 

Male Female 

207 422 
109 112 
56 63 

372 597 

969 

100-999 ~ 1000 
Male Female Male Female 
No (%) No (%) No (%) No(%) 

61 (29.5) 117(27.7) 146 (70.5) 305 (72.3) 
51 (46.8) 34 (30.4) 58 (53.2) 78 (69.6) 
29 (51.8) 21 (33.3) 27 (48.2) 42 (66.7) 

141 (37.9) 172 (28.8) 231 (62.1) 425 (71.2) 

313 (32.3) 656 (67.7) 

Table 7 

Antibody Response to Hepatitis B Vaccine: Accelerated Schedule 
Doses given at 0, 1 and 2 Months to Male Army Personnel 

<10 
AntiIHBs Titre (lUlL) 

10-99 ~100 TOTAL 

Number 
Percentage 

16 
29.1 

25 
55.4 

A fourth dose of vaccine was given to 201 of 770 
(26%) Service personnel who produced a poor response 
(anti-HBs < 100 lUlL) after the primary course of 
vaccine. Of these, 129 (64.2%) produced a good response 
(anti-HBs 2:: 100 lUlL) (Table 5). There was no indication 
that females responded better than males to the fourth 
dose of vaccine. 

A notable result was the highly significant benefit of 
giving a booster dose to individuals, who, after a primary 
course of vaccine, had responded with relatively higher 
initial titres (anti-HBs > 10 but < 100 IU/L). Overall, 
87.2% of these vaccinees produced anti-HBs 2:: 100 IUIL 

14 
25.5 

55 
100.0 

after a fourth dose, compared to 37.0% who produced a 
good response after initial titres of < 10 lUlL. Stratifying 
results by gender and Service gives a relative benefit of 
the higher initial titres of 12.04 (95% Cl, 5.87 - 24.70, P 
very small). 

Data for Army personnel alone indicate that the mean 
titres of antibodies after giving a fourth dose to an 
individual with an initial titre of ~ 10 IU/L, were 4400 
IU/L for males (range 42 to 10,000 IUIL) and 3000 IU/L 
for females (range 43 to 10,000 lUlL). In contrast, after a 
fourth dose of vaccine in individuals with an initial titre 
of < 10 IU/L, the mean antibody titres were 80 IU/L for 
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males (range <10 to 255) and 150 lUlL for females (range 
<10 to 1200). 

Nine subjects who had produced anti-HBs titres of 
between 0 and 43 lUlL after a primary course of vaccine 
plus one booster, received a fifth (second booster) dose of 
vaccine; of these, only 4 produced anti-HBs titres 2:100 
lUlL. 

Table 6 shows the anti-HBs titres for 969 (46%) of the 
2101 Service personnel who produced a good response 
(anti-HBs 2:100 lUlL) after a primary course of vaccine. 
Of those, 656 (67.7%) produced titres of anti-HBs 2: 1000 
lUlL, and, of these, 233 (24% of the total 969) produced 
titres 2: 5000 lUlL. Anti-HBs titres were related to the age 
and the gender of the vaccinee. A greater proportion of 
vaccinees in the age group 17 - 29 years produced anti
HBs 2: 1000 lUlL when compared to the two older age 
groups, and a higher proportion of females than males 
produced titres 2: 1000 lUlL, particularly in the two older 
age groups. Table 7 shows the anti-HBs titres produced in 
the 55 male Army personnel aged 17 to 36 years 
following an accelerated vaccination schedule. 
Development of anti-HBs ( >10 lUlL) was achieved by 
70;9% of vaccinees and 25.5% produced a good response 
within 8 to 12 weeks of the third dose of vaccine. 

Discussion 
Hepatitis B virus infection, acquired through 

percutaneous and mucous membrane exposure to infected 
blood, is a major occupational risk for clinical and 
laboratory staff. The availability of a vaccine to these 
individuals offers a safe and effective means of 
protection, the probability of transmission of infection to 
health care personnel who have proven immunity being 
virtually nil (I, 14, IS). 

The antibody responses produced in Service vaccinees 
in this study were comparable with those recently 
reported for health service staff using recombinant 
vaccines and performed in single locations in the UK (6, 
7, 8). The overall proportion of Service personnel, 88.9%, 
responding to this recombinant vaccine (anti-HBs 2:10 
lUlL) was similar to that found in earlier studies (7, 8). 
Furthermore, 73% of Service vaccinees produced anti
HBs 2:100 lUlL, a result which also is comparable with 
the 76% reported by Westmoreland et al. (7). 

The influence of age on antibody response to this 
recombinant vaccine has been described previously (7, 8). 
This present study indicates that with increasing age a 
decreasing proportion of vaccinees produce protective 
levels of antibodies. 

This study has shown also a statistically significant 
influence of gender upon the antibody response to 
recombinant vaccine, an effect reported previously (7, 8, 
16). A greater proportion of females than males in all age 
groups in the Service popUlation consistently produced a 
good antibody response, with higher titres of anti-HBs. 

In common with previous reports (7, 8), this study 
found poor responders in both sexes in all age groups 

tested, and particularly in males aged 40 years and over. 
Even in the most responsive group, namely females aged 
17 to 29 years (34% of the total Service vaccinees), 
approximately 15% did not produce a good antibody 
response. 

In our population the overall proportion of non
responders to a primary course of vaccine was 11.1 % and 
was related to the age and gender of the vaccinee. This is 
directly comparable with previous studies using 
recombinant vaccines which have reported 9.5% and 14% 
non-responders respectively (7,8). 

This study confirms the work of Westmoreland et al (7) 
and indicates that being male and in an older age group 
has independent adverse effects on the likelihood that an 
individual will produce a protective antibody response ( 
anti-HBs 2: 100 lUlL) to hepatitis B vaccine. 

These differences in antibody response strongly 
support the recommendation to determine post
immunisation anti-HBs titres in all vaccinees after 
completion of a primary course of vaccine, regardless of 
gender or age, in order that further doses may be given to 
poor responders (7, 10). A poor response to hepatitis B 
vaccine in a healthy subject may be due not only to age 
and gender but also to a genetically determined immune 
response to HBs antigen (17), incorrect vaccine 
administration, the timings of post-immunisation titres, 
variations in vaccine batches and conditions of storage of 
vaccine (e.g. not maintaining a cold chain in hot 
climates). In addition, poor response to hepatitis B 
vaccine has been associated with obesity (18, 19,20), 
cigarette smoking (20, 21) and alcohol consumption (20). 
These factors should be considered when performing and 
interpreting an immunisation schedule with this vaccine. 

The antibody responses by our subjects who were poor 
or non-responders to a primary course of vaccine, and 
who then received a fourth dose, were similar to that 
reported by Rogan (8) and greater than that reported by 
Westmoreland et al. (7). In our study, nearly two thirds of 
subjects overall, 37% of non-responders and nearly 90% 
of poor responders to a primary course, subsequently 
produced a good response after a further dose of vaccine, 
thus indicating that the majority of vaccinees responding 
to a primary course with anti-HBs <100 lUlL will require 
only a single booster dose to produce a good response. 
Despite education programmes, recent reports suggest 
that the uptake of vaccination among health care 
personnel has remained low (22, 23, 24), and that a large 
proportion of surgeons in particular have not had their 
post-immunisation titres of anti-HBs determined (23, 24). 
Our study showed that uptake of vaccine was high in 
operating theatre and dental staff, whereas about a third 
of surgeons and physicians had not been vaccinated. The 
predominant reasons given by our population for 
remaining unvaccinated (future intent and perceived low 
risk) were consistent with those reported in past studies 
(24,25). 

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-141-02-04 on 1 June 1995. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


80 

Recently published guidelines recommend that all 
health care workers who perform 'exposure prone 
procedures' in which injury to the worker could result in 
blood contaminating the patient's open tissues should be 
immunised against infection with hepatitis B virus, and 
their post-immunisation antibody titres determined (26, 
27). Surgeons who remain unprotected are not only at risk 
of acquiring hepatitis B infection, but may also transmit 
infection to their patients (28), both of which hazards may 
have implications for future careers (26, 27, 28, 29). 
Penetrative injuries sustained by medical students and 
junior doctors are reported to be frequent (25, 30, 31), and 
immunisation early in a career and at an age when a good 
antibody response is more likely, would ensure protection 
against infection and compliance with guidelines (27). 

During this study, considerable organisation was 
required to complete the vaccination schedules for 
Service personnel world-wide and to obtain post
immunisation antibody titres. Despite these efforts, 
during the period of study over 10% of our vaccinees 
were lost to follow-up and only 26% of poor responders 
received a booster dose with documentation of 
subsequent anti-HBs titres; another important factor to be 
borne in mind with regular movements of Service 
personnel. 

There still remains a pool of 50,000 people in Britain 
who are HBs Ag carriers, 10% of whom are highly 
infectious (32); thus the risk to personnel of infection may 
exceed 30% after a penetrative injury involving HBe 
antigen positive hepatitis B infected blood (33). 

A previous study showed no significant difference 
between the incidence rates of hepatitis B in NHS 
personnel and Armed Services medical staff, and no 
evidence that soldiers or their dependants pose a greater 
risk of hepatitis B infection to medical staff than the 
general civilian population in the UK (34). The study 
recommended that Service medical staff should be 
offered the same opportunity for immunisation as NHS 
personnel, particularly when practising in countries with a 
higher risk of infection than the UK: there are over 260 
million carriers of the virus in the endemic regions of 
Africa and Asia (35). 

An accelerated vaccination schedule, which rapidly 
produces protective levels of antibodies, would be 
beneficial for Service personnel on short notice for 
movement to areas of high prevalence of infection and for 
accelerated post-exposure prophylaxis. The accelerated 
schedule used in this study and previously described (10); 
and that used in two recent studies in which vaccine was 
given at 0,2 and 6 weeks produced anti-HBs ~IO IU/L in 
71 %,87% and 94% respectively (36, 37). 

Furthermore, the schedule used in this study (10), and 
that of Harries et al (36) produced a good response (~ 100 
IUIL) on 25% and 43% of vaccinees respectively. 

Nevertheless, determination of post-immunisation anti
HBs titres remains necessary so that a fourth dose of 

Immunisation Hepatitis B Infection 

vaccine may be given at 12 months to achieve long term 
protective antibody levels (38). 

This study confirms the immunogenicity of 
recombinant hepatitis B vaccine, using the manufacturer's 
recommended schedule in Service medical personnel 
vaccinated in locations throughout the world. Response is 
affected by the age and gender of the vaccinee, with the 
best responses observed in young females, who comprise 
a large proportion of the Service health care population at 
risk. The majority of our vaccinees responded with high 
titres of anti-HBs, which should ensure reliable protection 
until the recommended time for booster doses of vaccine: 
between 3 and 5 years (10, 26). 

Due to Service commitments in countries with a higher 
prevalence of hepatitis B infection than the UK, and to 
conform with immunisation guidelines (27), it is 
necessary to optimise the immunisation schedules in 
terms of producing long term protection and the cost of 
vaccine including booster doses. Therefore, it is essential 
to identify both non-responders and poor responders to 
vaccine among all Services health care personnel as 
failure to do so may increase the occupational risk of 
infection with hepatitis B virus. 
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