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Abstract. To evaluate the cost-effectiveness of four infant vaccination strategies aimed at protecting
the Thai population against hepatitis B virus (HBV) infection, vaccination and giving hepatitis B im-
munoglobulin (HBIg) to high-risk infants were compared with universal vaccination of infants and no
vaccination. An analytic decision model was used to estimate the clinical and economic conse-
quences of HBV for a hypothetical cohort of newborns for each of the immunization strategies. The
model focused on the numbers and the costs of cases prevented. The decision model examined
four different HBV management strategies: 1. screening for HBsAg, and vaccination; 2. screening
for HBsAg, then HBeAg, and vaccination; 3. universal vaccination of all neonates; and 4. no vacci-
nation. The cost-effectiveness per case prevented for Strategy 1 was 292.79 baht; for Strategy 2,
264.34 baht; for Strategy 3, 151.05 baht; and for Strategy 4, 0 baht. The incremental cost compar-
ing Strategy 3 to Strategy 4 was 6,521 baht; comparing Strategy 2 to Strategy 3, 20,000 baht; and
comparing Strategy 1 to Strategy 2, 95,000 baht. There is no socially acceptable threshold value for
cost per case prevented to guide decisions on funding health care interventions. Strategy 3 should
certainly be continued. Nevertheless, based on these results, Strategy 2 may be considered, de-
spite the incremental cost being about 2 times that of Strategy 3, as it might represent a worthwhile

investment of public funds.

INTRODUCTION

Hepatitis B virus (HBV) is one of the world’s
most widespread infectious agents and is the
most common cause of chronic liver disease
worldwide. The prevalence of hepatitis B carri-
ers globally varies between regions. In North
America and Western Europe, the prevalence is
less than 0.5%; while in South America, the
Middle East, and Eastern Europe, it ranges 2-
7%; and in tropical Africa and Southeast Asia, it
ranges 8-20% (Andre et al, 1994). The trans-
mission of hepatitis B can occur horizontally, via
sexual contact, the parenteral route, or skin le-
sions; or vertically, from mothers to infants. Ver-
tical transmission is thought to be secondary to
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mucous membrane penetration around the time
of delivery (Goudeau et al, 1983).

In countries highly endemic for HBV, such
as in Southeast Asia, perinatal transmission of
HBV from infected mothers to their infants often
leads to severe long-term sequelae. The rate of
hepatitis B transmission from mother to child is
increased if the mother has had acute hepatitis
B infection in the last trimester of pregnancy, or
if she is carrying the hepatitis B ‘e’ antigen
(HBeAg) in addition to HBsAg. The transmission
rates are 85%, if HBeAg positive, and 15-20%,
if HBeAg negative; 85-95% of infected infants
become chronic carriers (Beasley et al, 1977,
1983; Stevens et al, 1979, 1985). Most neona-
tal infections are asymptomatic or mild. The risk
for these carrier children to die in adulthood of
primary hepatocellular carcinoma (HCC) or cirr-
hosis is approximately 25% (Shiraki et al, 1977;
Beasley et al, 1982, 1984). Their deaths always
coincide with maximum familial and financial re-
sponsibilities, and these children become car-
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rier mothers themselves, perpetuating the cycle
of perinatal transmission (Kane et al, 1988).

Prevention of perinatal transmission is pos-
sible if immunoprophylaxis is administered to
babies-at-risk, shortly after birth (Beasley et al,
1981, 1983; Tada et al, 1982; Wong et al, 1984;
Stevens et al, 1985). The vaccine, as well as the
simultaneous administration of the vaccine and
HBIg, have proven to be highly immunogenic and
effective in preventing vertical transmission
(Poovorawan et al, 1989, 1992). Prenatal HBsAg
screening would identify infected mothers, thus
allowing for immunization of their newborns with
hepatitis B immunoglobulin (HBIg) and hepatitis
B vaccine — a regimen that is 85-97% effective
in preventing the development of a chronic HBV
carrier state (Beasley et al, 1983; Wong et al,
1984; Stevens et al, 1985, 1987; Poovorawan
etal, 1989, 1992). Use of vaccine alone can pre-
vent the chronic carrier state in 70-95% of such
infants (Wong et al, 1984; Xu et al, 1985;
Poovorawan et al, 1990).

The Global Advisory Group of the Ex-
panded Program on Immunization has recom-
mended, with World Health Assembly endorse-
ment, that countries with a prevalence of HBV
carriers exceeding 2% should add hepatitis B
vaccine to their routine infant immunization
schedules (World Health Assembly, 1992). Uni-
versal immunization remains the only strategy
capable of efficiently reducing the numbers of
acute hepatitis patients and chronic carriers;
hence, decreasing the long-term disease bur-
den, such as with HCC. In addition, universal
hepatitis B vaccination, as an integral part of the
national Expanded Program on Immunization
(EPI), has been found to provide long-term pro-
tective immunity (Poovorawan et al, 2002). In
countries with high prevalence and evidence of
HBYV vertical transmission, such as China, South-
east Asia, and the Far East, the first dose of
hepatitis B vaccine needs to be administered as
soon as possible after birth, preferably within 24
hours. The Thai Ministry of Public Health (MoPH)
has included the control of HBV infection as part
of the EPI since 1992. HB vaccine is given, along
with the other EPI vaccines, at birth and at the
age of 2 and 6 months.

Universal immunization of all neonates in
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Thailand has markedly reduced the carrier rate
to 0.7% (Poovorawan et al, 2000). However,
cost-effectiveness studies of maternal HBsAg
screening and the vaccination of babies at risk
have never been undertaken in the context of
health care service in Thailand. Routine HBsAg
screening of all pregnant women may be initi-
ated as part of regular antenatal checkups,
where the facilities are available. However, se-
lective passive-active immunization also requires
a supply of HBIg. This study was carried out to
estimate an economic rationale for introducing
routine prenatal HBsAg screening and prescrib-
ing combined passive-active immunization to
babies-at-risk.

MATERIALS AND METHODS

Models and strategies

We developed an analytic decision model,
to estimate the clinical and economic conse-
quences of HBYV, for a hypothetical cohort of
newborns with respect to each of the immuni-
zation strategies from the health care provider’s
perspective. The model focused on the number
and the cost of cases prevented. The decision
model examined four different HBV management
strategies as follows (see details in Fig 1).

Strategy 1. Screening for HBsAg, then vac-
cination: a mixed-population strategy of screen-
ing all pregnant women, before or during labor,
for evidence of active HBV infection (HBsAg
positive); then administering HBV vaccine and
hepatitis B immunoglobulin (HBIg) to those
HBsAg positive, but administering only HBV vac-
cine to those negative for HBsAg.

Strategy 2. Screening for HBsSAg then
HBeAg if HBsAg positive, and vaccination: a
mixed-population strategy of screening all preg-
nant women, for evidence of active HBV infec-
tion (HBsAg positive) then for evidence of HBeAg
(HBeAg positive) if HBsAg positive; and admin-
istering HBV vaccine and hepatitis B immuno-
globulin (HBIg) to those positive for HBeAg, but
administering only HBV vaccine to those nega-
tive for HBsAg, or those HBsAg positive but
HBeAg negative.

Strategy 3. Universal vaccination: vaccina-
tion of all neonates.
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Strategy 4. No vaccination.

Since universal vaccination has now been
implemented in Thailand and the risk of HBV in-
fection is high, the ‘no vaccination’ strategy was
considered in the decision tree for comparison
purposes. The target population was a repre-
sentative cohort of the 800,000 neonates that
are born annually in Thailand. The decision model
used in this analysis was developed after a criti-
cal review of the literature, with input from HBV
experts to ensure accuracy and validity.

Cost

Data for 2004 on actual average payments
of patients for outpatient hospital care, diagnos-
tic tests, and HBIg were obtained from King
Chulalongkorn Hospital (a publicly funded uni-

Table 1
Cost components for HBV prevention.

Iltem Unit cost (baht)
Venous blood test for HBsAg 80
Venous blood test for HBeAg 180
HB vaccine (three doses) 150

Hepatitis B immunoglobulin (0.5 ml) 1,250

(40 baht = 1 US$)

versity hospital in Bangkok). Costs of HBV vac-
cines were obtained from the Disease Control
Department, Ministry of Public Health, where the
vaccine was bought and supplied to the hospi-
tals in the EPI. The details of the cost are shown
in Table 1.

The model was based on the perspective
of the health care provider and was confined to
direct medical costs. Direct non-medical costs,
such as travel costs incurred in the course of
receiving medical care, and indirect costs were
excluded from the analyses.

Incremental outcome effectiveness and cost-
effectiveness

Incremental cost-effectiveness was calcu-
lated to compare each alternative management
strategy (Strategies 1-3) to Strategy 4 (no vac-
cination) and was expressed as the difference in
cost (Thai baht) incurred per additional case pre-
vented.

RESULTS

Expected cost, health outcomes expressed
as percent cases prevented, cost per case of
HBYV prevented, and incremental cost per incre-
mental case prevented are shown in Table 2 for
each strategy. Strategies 1-3 are all more effec-

Table 2
Cost effectiveness and incremental cost effectiveness of various strategies for HBV prevention.

Strategy Expected  Expected case Cost Incremental cost-
prevented effectiveness  effectiveness

1. Screen for HBsAg, then vaccination 29,250 99.90 292.79 95,000

2. Screen for HBsAg then HBeAg, & vaccination 26,400 99.87 264.34 20,000

3. Universal vaccination 15,000 99.30 151.05 6,521

4. No vaccination 0 97.00 0 -

Table 3
Estimated annual cost of each strategy for 800,000 newborns.

Strategy Annual cost Incremental cost  Incremental cases
prevented

1. Screen for HBsAg, then vaccination 234,000,000 22,800,000 240

2. Screen for HBsAg then HBeAg, & vaccinate 211,200,000 91,200,000 4,560

3. Universal vaccination 120,000,000 120,000,000 18,400

4. No vaccination 0 - -
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Path probability

carrier 0.001
(0.02)
HBsAg (+) (Give HBIg + Vaccine) .
(0.05)
carrier Healthy 0.049
Blood test ) )
1 [ForHBsAg HBsAg (-) (Give vaccine) (0.00) (0.98) 0.000
(0.95) Healthy 0.950
(1.00) '
carrier
< 0.001
HBeAg (+) (Give HBIg + Vaccine)
HBsAg (+) (Blood test for HBeAg) Healthy
(0.95) 0.019
©09 0.0003
2 | Blood test ‘
For HBsAg
Carrier (0.99) 0.0297
Gravid . (0_00) 0.000
Females HBsAg (-) (Give vaccine) .
(0.95) Healthy
. (1.00) 0.950
Carrier 4
(0.007) 0.007
No screening ‘
3 |Universal Immunization
of new borns Healthy ‘
0.993
(0.993)
Carrier 4
(0.03) 0.030
No screening ‘
4 Noimmunization
Healthy
0.970
(0.97) ‘

Fig 1-Decision tree analysis depicts the outcomes for Strategies 1-4 HBsAg = hepatitis B surface antigen, HBeAg
= hepatitis B e antigen, HBIg = hepatitis Bimmunoglobulin. Square = decision node, Circle = chance node,
Triangle = end node. Probability of each branch is shown in parenthesis.
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Fig 2-Sensitivity analysis of cost effectiveness for vari-
ous costs of HBsAg screening test.
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Fig 3-Sensitivity analysis of incremental cost per pre-
vented case for various costs of HBSAg screen-
ing test.

Baht/case prevented

100,000 08,333

96,666 95,000
+ Strategy 1
@ Strategy 2
A Strategy 3

19736 19824 19912 20,000

Z 6521 6,521 6,521 6,521
Ay i X

1 . . .
) 1 1
150 160 170 180
Cost of HBeAg screening

Fig 4-Sensitivity analysis of incremented cost effective-
ness for various costs of HBeAg screening test.
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tive and, because of the higher costs of screen-
ing tests and prophylactics, more expensive than
Strategy 4, no vaccination in newborns. The
cost-effectiveness for Strategy 1 is 292.79 baht
per case prevented; while for Strategy 2, it is
264.34 baht per case prevented. For Strategy
3, it is 151.05 baht per case prevented; while
for Strategy 4, it is O baht per case prevented.
The incremental cost-effectiveness of Strategy
3 relative to Strategy 4 is 6,521 baht per case
prevented; of Strategy 2 relative to Strategy 3, it
is 20,000 baht per case prevented; of Strategy
1 relative to Strategy 2 itis 95,000 baht per case
prevented.
Sensitivity analysis

We varied the HBsAg and HBeAg screen-
ing-test costs to determine the cost-effective-
ness (Fig 2) and the incremental cost-effective-
ness (Figs 3-4) of the four strategies. By decreas-
ing the HBsAg and the HBeAg screening test
costs, the cost-effectiveness for Strategies 1 and
2 could be lowered to 262 baht and 234 baht
per case prevented, respectively, while the Strat-
egy 3 remained unchanged at 151 baht per case
prevented (Fig 2). The corresponding incremen-
tal cost-effectiveness differences of Strategy 2
relative to Strategy 3 are 14,736 and 19,736 baht
per case prevented when HBsAg and HBeAg
screening costs, respectively, are decreased
(Figs 3-4).

DISCUSSION

A decade ago when HB vaccine was first
added to our routine infant immunization sched-
ules, it was considered cost-effective to vacci-
nate all neonates without screening. As the four
alternative Strategies, there has not been any
study to evaluate the cost-effectiveness, the in-
cremental outcome effectiveness in the context
of cost per case prevented, or the incremental
cost per case prevented.

The analytic model would provide health
policy makers with a basis to choose among the
alternative Strategies 1-4, considering the long-
term sequelae of HBV carriers, given that the
incremental cost-effectiveness would be 95,000
per case prevented comparing Strategy 1 to
Strategy 2, 20,000 baht comparing Strategy 2
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to Strategy 3, and 6,521 baht comparing Strat-
egy 3 to Strategy 4.

According to the sensitivity analysis, the
incremental cost-effectiveness for Strategy 2
compared to Strategy 3 could be lowered to
14,736 baht and 19,736 baht per case prevented
if the HBSAg screening test costs were to de-
crease to 50 baht per test and the HBeAg
screening test costs to 150 baht per test, re-
spectively.

The annual cost to the EPI in Thailand, for
800,000 neonates (approximate number of births
per year), amounts to 234 million baht for Strat-
egy 1, 211.2 million baht for Strategy 2, 120
million baht for Strategy 3, and 0 baht for Strat-
egy 4, as shown in Table 3. There would be an
incremental cost of 22.8 million baht for Strat-
egy 1 compared to Strategy 2, 91.2 million baht
for Strategy 2 compared to Strategy 3, and 120
million baht for Strategy 3 compared to Strat-
egy 4. The incremental cost per case prevented
(Table 3) is 240 baht for Strategy 1 compared to
Strategy 2, 4,560 baht for Strategy 2 compared
to Strategy 3, and 18,400 baht for Strategy 3
compared to Strategy 4.

There is no socially acceptable threshold
value for cost per case prevented to guide deci-
sions on funding health care interventions. Nev-
ertheless, based on these results, Strategy 2
(screening for HBsAg and HBeAg, with vaccina-
tion may be considered, despite the incremen-
tal cost being about 2 times that of Strategy 3
(universal vaccination), as it might represent a
worthwhile investment of public funds. To con-
clude, based on funds presently available in Thai-
land, universal vaccination should certainly be
continued. If twice this funding could be assured,
we would recommend that pregnant women be
screened for both HBsAg and HBeAg, followed
by high-risk newborns being given both HBIg
and HB vaccine, while administering vaccine
alone to low-risk neonates. To that end, we
would require extensive logistical support from
all health care workers.
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