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Targeted hepatitis B vaccination — a cost
effective immunisation strategy for the UK?

John R Williams, D James Nokes, Roy M Anderson

Abstract

Objective — To compare the potential cost
effectiveness of vaccination against hep-
atitis B virus (HBV) targeted at genito-
urinary clinic (GU) attendees with that of
universal infant vaccination.

Design — A mathematical model of sexual
and perinatal transmission of HBV was
used to compare the effectiveness among
heterosexual and homosexual populations
of programmes of mass infant vaccination
and targeted immunisation of genito-
urinary medicine (GU) clinic attendees.
Each was applied to 90% of the eligible
population with differing assumptions
about rates of compliance and sero-
conversion - problems of delivery (ob-
taining high compliance) was considered
a significant drawback of targeted vac-
cination. Observed relationships between
GU clinic attendance and sex partner
change rates for heterosexuals and for ho-
mosexuals were used to define the rates of
vaccination uptake within sexual activity
risk groups.

Setting - England and Wales.

Results — Model results showed that for
heterosexuals universal infant vaccination
became more effective than clinic based
vaccination only approximately 40 years
after the start of the programme and that
the predicted cost effectiveness of GU
clinic vaccination was greater at all times.
For homosexuals, clinic vaccination was
always more effective over the time frame
considered, but by 50 years if it were car-
ried out without prior screening it had
become appreciably less cost effective than
a mass infant programme. With prior
screening in GU clinics this cost effect-
iveness deficit was only marginal.
Conclusions — Targeted vaccination might
have a much greater potential than is real-
ised at present, particularly if it were pos-
sible to improve compliance of clinic
attendees. A fuller comparison between
mass infant and targeted vaccination must
await the specific inclusion in the model
of other risk groups such as intravenous
drug users. An important determinant of
the relative merits of the two approaches
is the relationship between rates of at-
tendance and of changing sexual partners.
Further research on this is required.

(¥ Epidemiol Community Health 1996;50:667—673)

The World Health Organization (WHO) re-
commends that all countries should introduce

universal immunisation against hepatitis B
virus (HBV) by 1997 and that countries with
a prevalence of HBV carriers that is less than
2% should consider vaccinating adolescents as
an alternative or in addition to infant vac-
cination.! In the European Community, Italy,
Spain, Portugal, and France have either im-
plemented universal infant or adolescent im-
munisation or are in the final stages of doing
50,2 and Greece is in the process of moving
towards the practice of universal vaccination.?
Other countries in north western Europe and
Scandinavia practise various forms of selective
immunisation more or less nationally applied
— for example, antenatal screening followed by
vaccination of those identified as being at risk,
vaccination of those at high risk because of
their behaviour, such as sexually transmitted
disease (STD) clinic attendees and intravenous
drug users, and vaccination of those who are
at risk because of their work.* In many of these
countries, however, irrespective of country—
specific epidemiological status, there is in-
creased support for wuniversal infant or
adolescent immunisation as a means of achiev-
ing the goal of HBV eradication throughout
the European region. WHO and the phar-
maceutical industry are promoting this goal.’¢

Within Europe, universal vaccination was
first adopted in the southern countries, where
HBYV is a far more serious problem than in
northern regions. In the United Kingdom, how-
ever, a decision about implementing universal
infant or adolescent immunisation is unlikely
to be made solely on the grounds of WHO
recommendations or as a result of the ap-
proaches adopted in other European countries.
Rather it will be made on grounds of afford-
ability, cost effectiveness in relation to other
demands on the health services, and after de-
termining whether the burden of disease and
mortality induced by HBV in the UK is sig-
nificant (both in its own right and relative
to other causes of morbidity and mortality).
Advocates of universal HBV immunisation in
the UK must therefore argue their case taking
due account of the issue of the cost effectiveness
in the UK of the different programme
options.”® In particular, it is important to pro-
vide quantitative details of the predicted effect-
iveness of universal infant (or adolescent)
immunisation in comparison with nationally
promoted selective immunisation programmes
specifically targeted at individuals at risk, such
as those who attend genitourinary (GU) clinics
or intravenous drug user centres. For example,
at present GU clinic vaccination is operated
on a somewhat piecemeal basis with a good deal
of variation in uptake and coverage between
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clinics®'® and there may be much scope for

increasing its impact by a uniformly applied
policy of vaccinating all those who attend.

In much work on cost effectiveness, it has
become the practice to base analysis on epi-
demiological data derived from randomised
controlled trials. However, in assessing the be-
nefits of immunisation against an infectious
disease it is insufficient to assume a constant
risk of infection and to extrapolate the effect
of vaccinating a relatively small group of trial
participants in an attempt to predict the impact
of a programme vaccinating a much larger
proportion of the general population. To do so
ignores the importance of the level of immunity
in the population in controlling the spread of
infectious disease. Immunisation of a group of
individuals not only protects those individuals,
but also reduces the risk or force of infection
for people who are unvaccinated because the
pool of potentially infectious individuals is now
smaller. The impact on rates of infection of
this “herd immunity effect”!! changes non-
linearly as the overall proportion of the popu-
lation which is vaccinated increases, and this
undermines attempts to base predictions on
linear extrapolation of results based on con-
trolled randomised trials. An additional draw-
back of the traditional approach is seen when
considering infections such as HBV where sev-
eral decades may elapse between infection and
the risk against which vaccination is primarily
aimed — that is, severe chronic disease. In
these circumstances, it becomes difficult to
countenance delaying the implementation of a
vaccination programme until trial results are
known. Here we have avoided these drawbacks
by adopting an alternative approach using a
mathematical model which allows us to make
projections of the impact of vaccination pro-
grammes over time, and which takes full ac-
count of the non-linearities that arise from the
operation of herd immunity.

In previously published work,® a math-
ematical model was used to consider the effects
of vaccination in the context of two major risk
groups — homosexuals and heterosexuals. Our
premises were that sexual transmission of the
virus within heterosexual and homosexual com-
munities implies that people who change sexual
partners frequently are disproportionately im-
portant to the spread of HBV infection and
that the frequency of attendance at GU clinics
is positively associated with the partner change
rate. As described in the earlier work,® data
from the national survey of sexual attitudes and
lifestyles (NATSSAL), which was funded by
the Wellcome Trust,'> was used to provide
estimates of rates of sexual partner change and
frequency of attendance at GU clinics. Here
we use the framework provided by this earlier
study® to examine the potential of selective
vaccination targeted at GU clinic attendees to
significantly reduce HBV transmission in the
population as a whole and we explore the po-
tential merits of a GU clinic based im-
munisation policy relative to one of infant
immunisation. We examine the effects of vac-
cination programmes reaching 90% of the in-
tended recipient population, with rates of
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compliance and seroconversion reflecting pos-
sible UK values. In our earlier work we used
numbers of vaccine doses delivered as an in-
dicator of cost. This is now developed by ap-
plying to our analysis of cost effectiveness
monetary costings based on data for England
and Wales and described in the recently pub-
lished work of Mangtani ez al.” Our results are
presented in terms of the relationship between
the relative effectiveness and the cost effect-
iveness of policies in reducing numbers of HBV
carriers, as both measures are required for
realistic comparisons.

Methods

MODEL STRUCTURE

The structure of the model is described in
detail in Williams ez al.® It is a deterministic
model of the kind widely used in exploring the
transmission dynamics of sexually transmitted
disease.”” The model has six compartments
containing populations who are: susceptible
to infection; latently, acutely, and chronically
infected; recovered and immune after infection;
and immune as a result of vaccination (fig 1).
The model population is fully age structured.
Because the distribution of different levels of
sexual activity (that is, rates of partner ac-
quisition) in the population is highly skewed
with a high variance,'? mean levels of activity
do not adequately reflect the HBV transmission
potential of those with high levels of partner
change. These people are likely to be very
important to the spread of this sexually trans-
mitted disease. To overcome this, the model
population also has been stratified in relation
to rates of acquisition of sexual partners. There
were six different activity groups and rates of
partner change also vary by age. HBV trans-
mission in the model occurs through sexual con-
tact or at birth; and there are separate versions
for heterosexual and homosexual populations
(transmission via injecting drug use was not
considered). At each time point the rate at which
susceptible individuals are infected depended on
the transmission risks, numbers of acutely and
chronically infected individuals, their rates of
partner change and fertility, and their distribution
through the heterogeneous model population
(tables 1 and 2). Once infected, individuals move
at constant rates (table 1) from latent to acute
infection, from acute to either chronic infection
or recovery, and from chronic infection to re-
covery (fig 1).

Several different vaccination programmes are
allowed by the model, two of which are con-
sidered here — mass vaccination at birth and a
programme targeted at individuals attending
GU clinics.

DATA SOURCES AND ANALYSIS

Key parameter values are set out in table 1.
Their estimation is described elsewhere® as is
the estimation of rates of partner acquisition
for the sexual activity classes (using raw data
originating from the NATSSAL'?) and the way
in which non-linear functional relationships
were established between rates of partner ac-
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Figure 1 Flow chart showing the six compartments of the hepatitis B virus transmission dynamics model.® Births

(broken lines) may occur in susceptible, latently infected, or vaccinated compartments. There are no deaths before age 60,
after which age individuals play no further part in transmission. The mean duration of stay in latent, acute, and carrier
compartments is shown in table 1.

quisition by heterosexuals and homosexuals
and their rates of attendance at GU clinics (also
using NATSSAL'? data). The salient features of
these relationships are that rates of partner
acquisition for heterosexuals are directly as-
sociated with rates of clinic attendance of be-
tween less than once per lifetime and once in
20 years depending on activity class (table 2).
Attendance rates for homosexuals are about an
order of magnitude higher (from less than once
in 30 years to once in 3 years). A very steep
initial increase in the attendance/partnership
rate relationship for homosexuals accounts for
their much higher rate of attendance overall.
However, a high level of variance was recorded

Table 1 Model parameters relating to infection, fertility, and vaccination

Parameter Heterosexual =~ Homosexual ~ Both
Transmission risk (/y/partnership):
Acute infection 0.33 0.46
Carrier 0.25 0.30
Average duration of time within infection states (wk):
Incubation 6
Acute infection 15
Carrier state 65
Proportion of acutely infected who become carriers:
Infant 0.885
Adult 0.1
Proportion of babies born infected:
Acute mother 0.724
Carrier mother 0.115

* See Williams ez aP for full details.

Table 2 Rates of partner acquisition and clinic attendance averaged across all age groups
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in the data, and it is clear that more studies
are needed to examine this variability. Table 2
also shows mean rates of partner acquisition
for each of the model’s six sexual activity classes
(averaged over all age classes), and the much
higher partner rates of homosexuals than het-
erosexuals.

OUTCOME MEASURES

It is quite possible for vaccination to be highly
cost effective without being highly effective
in reducing the numbers of cases (as with
vaccination of neonates known to be at risk of
infection from their mothers?®), so it is important
to look at both factors when considering the
advantages of different programmes. If the goal
of a vaccination programme is to interrupt the
chain of transmission in the population at large,
its effectiveness must be measured in terms of
numbers of cases of chronic carriers of disease
prevented, as their number makes a much larger
contribution to the net force of infection within
the population than that of acutely infected
individuals. Although individual prophylaxis by
vaccination is rapid, carrier state duration is
measured in decades and it takes many years
of mass or targeted vaccination for transmission
in the population to be markedly affected. In-

Heterosexuals Homosexuals
Rate of clinic Mean interval Rate of clinic Mean interval
Activity Partners Proportion attendance berween Partners Proportion attendance berween
class ) in class ) attendances ) in class GY) attendances (3)
1 0.025 0.273 0.0004 >lifetime 0.16 0.451 0.0276 ~36
2 0.21 0.286 0.0021 >lifetime 1.55 0.353 0.0779 ~13
3 0.8 0.303 0.0061 >lifetime 4.6 0.125 0.1274 ~8
4 2.5 0.132 0.0152 ~66y 9.2 0.06 0.1746 ~6
5 6.1 0.005 0.0309 ~32y 17.0 0.01 0.2309 ~4
6 8.9 0.001 0.0419 ~24y 28.1 0.001 0.2902 ~3.5
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Table 3 Breakdown of costings per delivered dose of vaccine (from Mangrani et al’)

Item Mass infant GU clinic
@ @
Vaccine dose 7.36 9.82
Staff cost per dose* 1.40 4.20
Syringe cost per doset — 0.03
Needle per doset — 0.01
Indirect cost to patient for attending for doses 2 and 3} — 12.50
Screening test — 5.00

* Staff costs were estimated using 1993 salary scales.
1 Assumption was made that vaccine for mass infant programme would be integrated with other
infant vaccines by means of a combined preparation.
i First dose given opportunistically, estimate of the equivalent of 1 hour of time for adult patient

for each of sunbsequent doses.

Table 4 Estimated cost per patient used in this work

Mass infant GU clinic
Proportion receiving first dose who go on to receive second dose 1.0 0.8*
Proportion receiving first dose who go on to receive third dose 1.0 0.6*
Mean number of doses per patient 3.0 2.4
Estimated mean cost per patient (without screening) 26.28 £51.25
Estimated mean cost per patient (with screening) — £56.25

* Gilson, personal communication.

deed, in terms of lowering infection incidence
in the population, the peak effect from a single
year’s vaccination may occur only after several
decades. Because of this change over time in
the community based effect of HBV vac-
cination after a programme has been started,
cumulative totals are used to reflect the in-
vestment made throughout a programme or
over a defined time period.

Data on monetary costs of delivering a course
of vaccine’ have been used in conjunction with
the measure used earlier® (cumulative numbers
of carriers prevented divided by cumulative
numbers of doses), to provide an estimate of
cost effectiveness in terms of cumulative num-
bers of carriers prevented per pound (£) ex-
penditure. A breakdown of these costings is
given in tables 3 and 4. Figure 2(a) and (b)
shows the cost effectiveness in combination
with a simple measure of effectiveness. In these
three dimensional figures, the higher the bars
the more carriers prevented per £, and the
“deeper” into the figure the more effective
(more carriers prevented per year). The ob-
jective is a programme with a high cost effect-
iveness and a high measure of effectiveness. In
considering the relationship between the two
measures, the most desirable programme is the
one in which the top of the bar is at the same
time higher and “further” into the figure at a
given point in time.

Discounting is often used when considering
the effects of health interventions, but this is
an area of considerable controversy. We present
results in undiscounted form here, although
there is no reason why this form of presentation
should not prove equally suitable for analyses
based on a discounting procedure.

Results

RELATIONSHIP BETWEEN EFFECTIVENESS AND
COST EFFECTIVENESS

Previous work® showed that increasing the vac-
cination rate resulted in a less than pro rata
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increase in effectiveness and that cost effect-
iveness also became slightly poorer as the vac-
cination level increased (these measures were
about an order of magnitude less for het-
erosexuals than for homosexuals). Here it is
assumed that 90% of the eligible population
receives the first dose of a schedule in each
case. Figure 2 shows the relationship between
the cost effectiveness ratio and effectiveness for
policies of universal vaccination of infants and
vaccination targeted at attendees of GU clinics
at time points of 10, 25, and 50 years after the
start of vaccination. For infant vaccination it
was assumed that all those given the first dose
went on to receive the remainder of the course
and that 99% became immune."* For GU clinic
attendees, of those receiving the first dose, 80%
went on to receive the second dose and 60%
the third (Gilson R, personal communication).
Seroconversion rates for doses one, two, and
three were set at 31%, 89%, and 99% re-
spectively for heterosexuals, and 24%, 77%,
and 92% respectively for homosexuals."

Figure 2(a) shows results for the heterosexual
population; the cost effectiveness of targeted
vaccination is clearly much greater at all time
points than for infant vaccination. In terms of
effectiveness, GU vaccination has more impact
over 10 and 25 year time spans (deeper into the
page), but effectiveness of infant vaccination
increases markedly over the second 25 years. It
is nearly 40 years since the start of vaccination,
however, before its effectiveness exceeds that
of GU clinic vaccination

Figure 2(b) shows a somewhat different pic-
ture for homosexuals. The lower portions of the
light bars show the effect of targeted vaccination
without prior screening, assuming that 90% of
individuals attending a GU clinic are vac-
cinated (unless vaccinated on a previous oc-
casion with confirmation of a satisfactory
vaccine response). In this case GU clinic vac-
cination is much more effective than universal
infant vaccination at all time points as a con-
tinuing programme of infant vaccination will
take several decades to have an impact on the
high levels of sexual transmission compared
with targeted vaccination across all age groups.
The high rate of clinic attendance by ho-
mosexuals increases the efficiency of this mode
of delivery, coupled with the impact on trans-
mission of vaccinating those with high rates of
partner change. Clinic vaccination also remains
much more cost effective than mass infant
vaccination at 10 and 25 years, but by 50 years
the cost effectiveness of infant vaccination is
better. The cost effectiveness advantage en-
joyed by clinic vaccination is less enduring for
homosexuals than for heterosexuals because of
the high proportion of homosexuals who have
already experienced infection (much vaccine is
therefore wasted if prior screening is not carried
out) and the higher partnership rates of the
homosexual population in general.

The influence of prior screening on vac-
cination of homosexuals in GU clinics is il-
lustrated by the combined upper and lower
portions of the light bars. Overall effectiveness
is of course unchanged, but cost effectiveness
is roughly doubled, becoming much greater
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Figure 2 The relationship berween cost effectiveness represented by cumulative numbers
of carriers prevented per £ and effectiveness represented by the cumulative number of
carriers prevented per year at time points 10, 25, and 50 years since the start of a
vaccination programme in (a) heterosexuals and (b) homosexuals. Dark bars represent
the effect of mass infant vaccination and light bars vaccination at genitourinary clinics.
In graph (b) the lower portions of light bars correspond to clinic vaccination of
homosexuals without prior screening and the upper and lower portions combined
correspond to clinic vaccination after screening.

than for mass vaccination of infants for the first
25 years and only slightly less than that for
infants after 50 years.

Discussion

Vaccine effectiveness may be defined in terms
of the protection of the individual or by ref-
erence to the degree of success achieved in
interrupting the chain of transmission (the cre-

671

ation of herd immunity). The protection of the
individual is a matter of clinical judgement
(taking account where appropriate of relevant
guidelines), but effectiveness in interrupting
the chain of transmission is a public health
issue and therefore relevant to the design of
community or population based vaccination
programmes. Effectiveness of this kind can be
assessed by considering the numbers of cases
of infection or disease prevented which would
otherwise have occurred in the absence of mass
targeted immunisation.

The effectiveness of a vaccination pro-
gramme is quite different from its cost effect-
iveness. High levels of both are desirable, but
a programme may be highly effective but have
only a modest level of cost effectiveness. Al-
ternatively it may be highly cost effective with-
out being effective in terms of interrupting the
transmission chain. An example is the vac-
cination of neonates born to infectious mothers.
They are at very high risk of infection and of
becoming carriers of HBV,'® but because they
seem to comprise a relatively small proportion
of births overall'” '* and only a small proportion
will have large numbers of sexual partners later
in life,'? vaccinating them against HBV will not
have a significant effect on transmission.® The
greater effectiveness of GU clinic vaccination
lies in the fact that it has the potential for a
disproportionately high impact on the trans-
mission chain, but this potential depends on the
effectiveness of the mechanism for delivering
vaccine to those deemed most important in the
spread of HBV infection. It therefore relies on
the frequency of attendance at GU clinics by
individuals of different sexual activity classes.
This observation underlines the need for fur-
ther surveys to quantify more precisely the
relationship between rates of attendance and
sex partner change rate. Audit work to establish
levels of vaccination achieved by GU clinics in
the UK is becoming more common,'®' but
there is also a need to establish patterns of
compliance in patients in relation to their age
and partner change rate.

With this need for better data in mind and
having assumed plausible rates of compliance
and seroconversion for each of the three doses,
the model results suggest that vaccination tar-
geted at homosexuals attending GU clinics
could be highly effective in stemming HBV
transmission, and more so than mass infant
immunisation. In making this observation,
however, a word of caution is appropriate.
Notifications to the Communicable Diseases
Surveillance Centre (CDSC) of acute cases of
HBV suggest some 24% of cases with identified
risk factors are associated with intravenous drug
use compared with 54% for sexual trans-
mission.® At present our model omits this ad-
ditional age dependent transmission process
and its relative contribution to overall levels of
transmission remains uncertain. Vaccination of
infants and those attending GU clinics will,
however, affect levels of transmission between
intravenous drug users by reducing the pool of
HBYV infection in the population. It is also true
that there are uncertainties in the CDSC data.
Nearly half of all reported cases have no risk
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factor identified, numbers of unreported
asymptomatic infections are likely to be sig-
nificant,? and the level of misdiagnosis is un-
known (it has been observed that in many cases
symptoms can easily be mistaken for those of
glandular fever for example?").

As was noted earlier and in Williams et al,®
a high proportion of homosexuals attend GU
clinics relatively regularly. Targeted vaccination
is somewhat less effective for heterosexuals
because of their comparatively low rate of at-
tendance at GU clinics, but nevertheless it still
takes nearly 50 years for its effectiveness to be
exceeded by mass immunisation of infants.

Over the longer term (>50 years) the effect-
iveness of mass infant vaccination is much
greater than that of targeted vaccination be-
cause of low rates of clinic attendance by het-
erosexuals. Because delivery occurs across all
ages for GU programmes and because of the
time it takes for vaccinated infants to reach a
sexually active age (an argument in favour of
vaccination in adolescence) vaccination in GU
clinics will show its benefits earlier. However,
our analyses suggest that the long term potential
of targeted vaccination approaches that of in-
fant vaccination, for the homosexual popu-
lation at least. It may even be greater given
present uncertainties regarding data. Vac-
cination compliance rates at GU clinics are a
source of uncertainty and more data are
needed, but available information suggests a
high drop out rate between doses (Gilson R,
personal communication).’®’® Nevertheless,
and bearing in mind that there would be cost
implications, with a higher publicity profile
for HBV vaccination and policies consistently
applied it may well be possible to make sig-
nificant improvements in this aspect of vac-
cination delivery.

Turning from effectiveness to cost effect-
iveness, we have discussed previously® some of
the many imponderables of this topic. The
costings reported in Mangtani et al,” and used
in these projections, include an estimate of the
indirect cost to the patient of attending a GU
clinic for the second and third doses of a course
which accounts for over one third of the overall
cost of clinic vaccination. The merits of in-
cluding this cost element are open to debate,
and figures shown here for cost effectiveness
of GU clinic vaccination would increase by
roughly one half if this were excluded from the
calculation. Even with this element included,
our projections show that GU clinic vaccination
of heterosexuals can be much more cost effect-
ive than mass infant vaccination (fig 2(a)). With
screening before vaccination in GU clinics,
clinic vaccination of homosexuals is also much
more cost effective at 10 and 25 years and
values of the cost effectiveness measure for
infant and homosexual vaccination policies are
broadly similar at 50 years (fig 2(b)).

Although better data are clearly needed, the
strength of this modelling approach lies in the
ease with which fresh projections can be carried
out as and when improved data become avail-
able. It is also a very straightforward matter to
test how sensitive the results of a vaccination
programme are to variations in, for example,
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level of uptake? or changes in vaccine cost, by
simply varying the appropriate input (using
a more sophisticated but still straightforward
sensitivity analysis, interactions between para-
meters can also be explored). We have used
cost estimates based on UK conditions, but
our model framework makes it a simple matter
to provide revised projections relevant to other
countries, given appropriate costings and para-
meter estimates. Although the cost of vaccine
in many countries, including the UK, is such
that effects of differences in delivery costs are
likely to be small by comparison, the im-
plementation of mass infant vaccination
programmes occasions opportunities for ne-
gotiating price reductions for bulk supply in
markets where the advent of a number of new
recombinant HBV vaccines provides the po-
tential for increased price competition between
suppliers.

In conclusion, the view is often expressed
that vaccination targeted at high risk groups
has failed to reduce the HBV incidence. It
should be borne in mind that HBV vaccination
began only in the early 1980s so that any
measure of impact can be based on little more
than a decade of transmission. The work re-
ported here and in Williams et aP shows that
the long duration of the carrier infectious period
of HBV means it will be many years before any
vaccination policy which is not aimed uni-
versally at all age groups has a major effect,
and decades before its full impact is clear (un-
derlining the importance of being clear about
the time scale of an assessment of cost effect-
iveness). Moreover this work starts from the
conservative assumption that incidence of new
infection was at equilibrium prior to the start
of vaccination. If incidence were actually in-
creasing (for example, see data from the USA?)
when vaccination was introduced it would take
many years of vaccination before the incidence
started to decline at all. In the meantime
changes in behaviour as a result of the AIDS
epidemic, particularly amongst homosexuals,
may have occurred to complicate the picture
further. It is clear, therefore, that at the present
time we could not yet expect to have un-
equivocal evidence of the success or failure of
a targeted (or indeed any) HBV vaccination
programme.

Our comments should not be read as ad-
vocacy in favour of targeted programmes. They
are simply intended to emphasise the fact that
targeted programmes do have a potential that
is not wholly appreciated and which may not
be given full weight in any debate on the relative
merits of universal and targeted programmes.
In this context our observations underline the
importance of an appreciation of the trans-
mission dynamics of HBV to informed de-
cisions about implementing vaccination
programmes.
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