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We analyzed the cost-effectiveness of hepatitis A vaccination 
regimens using a mathematical simulation model. Passive im
munization and two active vaccination strategies (with and 
without prior screening) were compared with "doing nothing." 
Hepatitis A antibodies were determined in 2,325 Dutch ma
rines; other input data were retrieved from published and un
published sources. The prevalence of hepatitis A antibody was 
14%. Screening before vaccination was identified as appropri
ate at a prevalence > 20%. Passive immunization was the 
cheapest prevention for a single 6-month deployment per 10 
years. The inactivated vaccine containing 1,440 enzyme-
linked immunosorbent assay units without prior screening 
was identified as the best option for more frequent deploy
ments. It was cost-saving with two or more missions per 10 
years. A 5.3% hepatitis A attack rate validated the investment 
for this policy. Overall, immunization with inactivated hepati
tis A vaccine without prior screening proved to be the optimum 
strategy for troops at regular risk. 

Introduction 

I n the past, hepatitis A has been a major risk in the military. 
Outbreaks of hepatitis A greatly influenced several military 

campaigns. ' During the last few decades, protection was offered 
by immunoglobulins, and more recently, inactivated vaccines 
have been introduced. However, economic evaluations plav an 
increasing role in current health care policy. Hepatitis A vacci
nation evaluations are available, but they are usually based on 
civilian data.2 Unique conditions exist for the military, because 
troops may suddenly be deployed to war zones with ruined 
infrastructure and poor hygienic circumstances. Furthermore, 
loss of operability because of infectious outbreaks plays a deci
sive role in military vaccination policy. Dutch marines bound for 
United Nations duty in Cambodia in 1992-1993 were the first 
group in The Netherlands to receive the inactivated hepatitis A 
vaccine (Havrix 720). More recently, the double-concentrated 
vaccine (Havrix 1440) has been introduced. These factors have 
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formed the background for this economic evaluation using mil
itary circumstances as a baseline. Although derived from Dutch 
circumstances, we consider the results to be of general interest. 

M e t h o d s and S t u d y P o p u l a t i o n 

Hepavac Model 

In this study, a decision-analytic model, based on the Markov 
chain, was used to compare preventive strategies and to deter
mine whether results were sensitive for different input data. The 
Hepavac model, based on a decision-tree model, was developed 
by the Department of Epidemiology and Community Medicine of 
the University of Antwerp. Belgium.2 Initially, five hepatitis A 
preventive strategies were analyzed and compared with "doing 
nothing": passive immunization of all subjects with immuno
globulin, active immunization of all subjects with inactivated 
hepatitis A vaccine containing 720 enzyme-linked immunosor
bent assay (ELISA) units or 1,440 ELISA units, and hepatitis A 
antibody screening followed by active immunization of suscep
tible persons only. In this article, we have left out the results of 
the 720 ELISA units vaccine because it has become irrelevant 
for adults. Furthermore, the analysis showed that it was always 
less cost-effective than the 1,440 ELISA units vaccine. 

Input Data 

The input data are shown in Table I. Hepatitis A-related costs 
and number of infections were calculated for 1.000 Dutch 
troops deployed in an endemic area for 6 months, which is the 
set length for the majority of deployments. We assumed one 
deployment every 3 years within a 10-year time frame. The latter 
corresponded with a period after which a booster dose with 
inactivated vaccine could be considered. 

Prevalence data on hepatitis A antibodies in Dutch marines 
were based on age-specific sero-positiviry in a study sample of 
2,325 marines and naval personnel bound for United Nations 
duty in Cambodia during 1992-1993. The mean age was 28.1 
years (range. 17-52 years). Hepatitis A antibodies were deter
mined before vaccination by the Regional Laboratory of Public 
Health. Municipal Health Service (Amsterdam. The Netherlands) 
using a commercially available radioimmunoassay test (HAVAB. 
Abbott Laboratories. Chicago. Illinois). Written informed 
consent for hepatitis A antibody testing was obtained from all 
participants. 

Since the Second World War. there has been a steady de
crease in the incidence of hepatitis A in The Netherlands: the 
current rate is estimated at 0.003%.:' Hepatitis A does not rep
resent a high professional risk for military personnel stationed 
in The Netherlands. A similar patlem can be found in other 
western countries and is reflected in a decline in hepatitis A 
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TABLE I 

OVERVIEW OF BASELINE INPUT DATA 

Population Immunoglobulins Economic data (US) 
No. of persons 1,000 Dose 1 Diagnosis and treatment 
Assignment period 10 years Compliance 100% Mild hepatitis A 238 
Anti-HAV prevalence (%) Protection 73 days Moderate hepatitis A 434 

17-25 years 3.2 Protection rate 95% Severe hepatitis A 3,304 
26-30 years 9.4 Fulminant hepatitis A 33,040 
3 1-35 years 16.4 Screening test . (%) Relapsing hepatitis A 434 
36-40 years 37.4 Sensitivity 99 Liver t ransplantat ion 177,200 
41 -45 years 46.6 Specificity 99 Vaccines (unit) 
46 -52 years 70.6 1440 ELISA unit vaccine 35 

Clinical assumpt ions (%) Immunoglobu lins 16 
Risk exposure Symptomatic hepatitis A 90 Laboratory 

AnnuaJ attack rate (%) Mild 50 Screening test 17 
The Netherlands 0.003 Moderate 30 Liver function tests 31 
Endemic area 10 Severe 20 Blood count 11 

Deployment Fulminant 0.1 Serology hepatitis A and B 63 
Duration 6 months Relapse rate (%) Serology hepatitis A, B, and C 103 
Frequency 1 per 3 years Mild hepatitis 9 Consultations 

Moderate hepatitis 7 General practitioner 16 
Vaccines Severe hepatitis 2 Specialist (first) 47 

1,440 ELISA unit vaccine Nonoperability (weeks) Specialist (follow-up) 18 
Dose 1 (+1 booster) Mild hepatitis 6 Hospitalization 
Compliance 100% (99%) Moderate hepatitis 12 Per day 417 
Protection 1 year (10 years) Severe hepati t is 24 
Protection rate 95% (99%) Fulminant hepatitis 52 

antibody prevalence.4 The hepatitis A attack rate for endemic 
areas was estimated at 10%, based on studies among suscepti
ble individuals in risk areas.M Disagreement regarding inci
dence assumptions was found in the medical literature,8 There
fore, we performed a sensitivity analysis for hepatitis A 
incidence. The clinical data on mild, moderate, severe, and ful
minant hepatitis A were based on the Hepavac study.2 Clinical 
data and Dutch treatment costs were collected using standard 
treatment regimens where available. Dutch health care costs for 
1994 were used, expressed in rounded U.S. dollars (1 US = 1.8 
Dutch guilders). Treatment costs under military operational cir
cumstances were not available and would have been difficult to 
estimate. Instead, we used available civilian data. Information on, 
and prices of. vaccines and the screening test were obtained from 
the manufacturers, the Department of Pharmacy of the Royal 
Netherlands Navy, and the Laboratory of the Municipal 
Health Service in Amsterdam, Nonoperability periods because 
of hepatitis A were defined as the period in which a marine 
was totally or partially not fit for duty. Lost working days were 
included as nonoperability days only and were not converted 
into monetary units. 

Results 

Prevalence 

The mean hepatitis A antibody prevalence in the study sample 
was 14%. This ranged from 0% in 17 year olds to 83% in those 
aged 51 years, showing an increasing prevalence with increas
ing age (Fig. 1). There were no significant differences between 
the battalions. 

Baseline Results 

Assuming that 1,000 marines spend 6 months in an endemic 
area once every 3 years during a 10-year period, the expected 
number of symptomatic hepatitis A infections per strategy 
would have ranged from 2.7 for the inactivated vaccine for all 
(without prior screening) to 141.9 for doing nothing, with 30.5 to 
1,621.7 expected weeks of nonoperability, respectively (Table II). 
The cost analysis showed that costs of treatment with the doing-
nothing strategy were higher than the investments of the different 
vaccination regimens, the only exception being passive immuniza
tion (Table III), A hepatitis A antibody prevalence < 14% made it 
more cost-effective to vaccinate all marines then to screen before 
vaccination of susceptible persons only. Purely on the basis of 
costs, the inactivated vaccine for all personnel bound for overseas 
duty was the optimum method for hepatitis A prevention. 

In a cost-effectiveness analysis, incremental direct costs 
(nominator) were defined as direct costs incurred relative to 
doing nothing, and the effectiveness was defined as the number 
of infections prevented (denominator). This analysis showed 
that passive immunization had a cost-effectiveness ratio of 285 
US per infection prevented. Both active immunization strategies 
proved to be cost saving; the policy of using inactivated vaccine 
for all turned out to be the most efficient option. 

Additionally, in a budget-impact analysis, return on invest
ments was calculated, showing to what extent a strategy pays 
back what has been invested. Benefits were the avoided treat
ment costs through prevented infections, whereas costs were 
made up of intervention costs (immunization and screening). 
Both future costs and benefits were discounted using a 5% 
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Fig. 1. Prevalence of hepatitis A antibodies in 2.325 Dutch marines and naval 
personnel. 

EXPECTED NUMBER OF SYMPTOMATIC HEPATITIS A INFECTIONS 
AND WEEKS OF NONOPERABILITY (UNDER BASELINE CONDITIONS) 

Symptomatic Infections Nonoperability 
Vaccination Regimen (absolute numbers) (weeks) 

Doing nothing 141.9 1.621.7 
Passive immunization 7.8 88.9 

for all 
Inactivated vaccine for 2.7 30.5 

all 
Inactivated vaccine for 4.2 47.6 

susceptible 
individuals 

discount rate. Again, use of the inactivated vaccine for all was 
the optimum strategy (Table IV). It would have led to a return on 
investment of 172%. 

Sensitivity Analysis 
Given some uncertainty about several crucial input parame

ters, it was important to test the robustness of the findings by 
varying these input values within reasonable bounds. The inci
dence and prevalence rates were the most influential variables 
in this economic evaluation. Other assumptions, such as types 
of hepatitis A. laboratory tests, consultations, and treatment 

costs, proved to be of minor importance. The effect of vaccine 
price variations was not analyzed because prices for these vac
cines have been quite stable. 

First, the hepatitis A incidence rate was varied, this being the 
most controversial assumption. The consequences of different 
attack rates are shown in Table V. The lowest break-even point 
on savings was found at a 5.3% attack rate for the inactivated 
vaccine for all regimens. To analyze the screening policy, a 
sensitivity analysis was performed for varying levels of preva
lence data. Screening before vaccination was economically jus
tifiable only for a prevalence > 20%. This introduced the option 
to adopt different strategies for different age groups (Table I). 

Finally, we varied the frequency of missions to endemic areas. 
Passive immunization turned out to be the cheapest strategy for 
those sent to risk areas once every 10 years, with a cost-effec
tiveness ratio of US 11. The corresponding ratios for the inacti
vated vaccine for all or susceptible individuals only were 705 
and 877 US, respectively. More frequent deployments showed 
the best results for the inactivated vaccine for all. At one mission 
at least every 4 years, this strategy would have offered a positive 
return on investment. One deployment every 5 years showed a 
cost-effectiveness ratio of 11 US per prevented infection. With 
prior screening, the ratio would have been 100 US per prevented 
infection. 

Discussion 

The main finding of this study was that the inactivated vac
cine for all (without prior screening) was the preferred choice 
under the proposed baseline conditions. However, some of the 
assumptions that had to be made were debatable. The most 
influential concerned the expected hepatitis A incidence in en
demic areas and the prevalence data on hepatitis A antibodies. 

In recent years, no personnel from low-prevalence countries 
have been sent on long-term missions to risk areas without any 
form of protection, making it difficult to study any exposure risk. 
Steffen et al. calculated a hepatitis A risk in high-prevalence 
areas of 3 per 1.000 per month for travelers staying in luxury 
hotels and 20 per 1.000 per month for backpackers.5 A hepatitis 
A antibody seroconversion rate of 48.1% was found among un
protected French missionaries after 2 years in West and Central 
Africa.6 The rate was 28% among American missionaries who 
lived under comparable conditions.7 Severo et al. found 1,717 
cases (39%) of hepatitis A among 4,450 French national service 
volunteers in developing countries during a 10-year period.3 An 
attack rate of 8.96% was found in unprotected French troops in 
Lebanon in 1978.I0 Jefferson et al. postulated a much lower risk 
(a maximum of 0.21 %) for British soldiers during the Gulf War. ' ' 

TABLE m 

COST ANALYSIS FOR DIFFERENT VACCINATION REGIMENS UNDER BASELINE CONDITIONS (IN U.S. DOLLARS) 

Vaccination Regimen 

Doing nothing 
Passive immunization for 

all 
Inactivated vaccine for all 
Inactivated vaccine for 

susceptible individuals 

119.877 
6.516 

1.242 
2.498 

Screening 

69.079 
58.926 

119.877 
163 825 

70.321 
78.424 
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BUDGET-IMPACT ANALYSIS OF HEPATITIS A PREVENTION 
REGIMENS COMPARED WITH DOING NOTHING 

(UNDER BASELINE CONDITIONS) 

Bcnefiis Costs Return on 
Vaccination Regimen (USS) (USS1 Investment 

Passive immunization for 

all 
Inactivated vaccine for all 

113.361 157.309 0.72 Passive immunization for 

all 
Inactivated vaccine for all 118,635 69,097 1.72 
Inactivated vaccine for 117.379 75,926 1.55 

susceptible individuals 

SENSITIVITY ANALYSIS FOR HEPATITIS A ATTACK RATES IN COST-
EFFECTIVENESS RATIOS (IN U.S. DOLLARSI 

Cost-Effectiveness Ratio 

Inactivated Inactivated Vaccine 
Attack Passive Vaccine for for Susceptible 

Rate (%) Immunization All Individuals 

0.2 47,979 21,165 22.896 
1 9,079 3.868 4.233 
2 4,196 1,331 1.551 
4 1,756 303 415 
8 534 Cost-saving Cost-saving 

10 (baseline) 295 Cost-saving Cost-saving 
12 133 Cost-saving Cost-saving 

Behrens and Roberts rightly questioned cost-benefit ratios of 

any hepatitis A vaccination strategy in travelers based on a 

0.05% hepatitis A incidence rate.12 Finally, rates between 0.06 

and 0.16 per 100 person-years were found among U.S. foreign 

service personnel,13 These differences very much influence the 

outcomes. However, specific conditions exist for the military. A 

single hepatitis A case in military circumstances carries the risk 

of an outbreak in a larger group, and key personnel may be 

affected. During an exercise in the United States in 1989, hep

atitis A finally affected 19.8% of the troops.14 Furthermore, con

temporary circumstances may still lead to crowded accommo

dations and poor hygiene, yet the hepatitis A antibody 

prevalence has been declining. So it is the combination of vari

ables and the weight of the independent factors that should lead 

to an optimal vaccination strategy. 

A less controversial variable was the prevalence of hepatitis A 

antibodies. In most military forces, the prevalence reflects the 

situation in the civilian population, showing a decline during the 

last few decades for many western countries.15-17 We found 

screening before hepatitis A immunization to be useful only if 

the prevalence was greater than 20%, A similar percentage was 

found in another Dutch study.18 In our study population, this 

indicated a screening policy for those older than 35 years, or 

27,5% [N = 639] of" the battalions. This is a cohort-related 

situation, and as time passes the limit changes accordingly, 

Within a few years, it will no longer be worthwhile to screen 

because only a minority will have hepatitis A antibodies. More

over, it is often impractical to screen before a mission because of 

a lack of time. We found no information that immunizing per

sons positive for hepatitis A antibody was harmful. We believe, 

therefore, that antibody screening can be rejected for the Dutch 

circumstances. 

In conclusion, based purely on costs, the preferred hepatitis A 

immunization regimen for the Dutch military should be the 

inactivated vaccine for all. Troops on short notice (< 14 days) for 

overseas deployments should be vaccinated routinely, and 

troops on longer notice should be vaccinated only before depar

ture to a risk area. 
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