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Inactivated Hepatitis B Virus Vaccine

Introduction

Worldwide, recommendations for using hepatitis B virus (HBV) vaccine will vary in accord-
ance with local patterns of HBV transmission. In the United States, an area of low HBV preval-
ence, certain groups are at substantially greater risk than the general population of acquiring
infection. It is for these higher-risk groups that the vaccine is currently recommended. To
date, 12,000 individuals have been given this vaccine, and no untoward effects have been ob-
served over periods of time extending up to 3 years. The recommendations that follow are in-
tended as initial guides for immunization practice, and will be modified as additional data and
experience are accumulated. Because the cost of this vaccine is high, a discussion of the cost
effectiveness of prevaccination susceptibility testing is included.

Hepatitis B Virus Infection in the United States

The estimated lifetime risk of HBV infection in the United States varies from almost 100%
for the highest-risk groups to approximately 5% for the population as a whole. An estimated
200,000 persons, primarily young adults, are infected each year. One-quarter of them
become ill with jaundice. More than 10,000 patients are hospitalized with hepatitis B each
year, and an average of 250 die of fulminant disease. Between 6% and 10% of young adults
with HBV infection become carriers. The United States currently contains an estimated pool
of 400,000-800,000 infectious carriers. Chronic active hepatitis develops in over 25% of car-
riers (100,000-200,000), and often progresses to cirrhosis. Furthermore, recent studies have
demonstrated an association between the HBV carrier state and the occurrence of liver
cancer. It is estimated that 4,000 persons die from hepatitis B-related cirrhosis each year in
this country, and that more than 800 die from hepatitis B-related liver cancer.

The role of the HBV carrier is basic to the epidemiology of HBV transmission. A carrier is
defined as a person who is HBsAg positive on at least 2 occasions, at least 6 months apart. Al-
though the degree of infectivity is best correlated with HBeAg positivity, any person with a
positive test for HBsAg is potentially infectious. The likelihood of developing the carrier state
varies inversely with the age at which infection occurs. During the perinatal period, HBV trans-
mitted from HBeAg-positive mothers results in HBV carriage in up to 90% of infected infants,
whereas 6%-10% of acutely infected adults become carriers.

Carriers and persons with acute cases have highest concentrations of HBV in the blood
and serous fluids; less is present in other body fluids, such as salive and semen. Transmission
is via percutaneous or permucosal routes. Infective blood or body fluids can be introduced by
means of contaminated needles or through sexual contact. Close personal contacts such as
those that occur among household contacts of HBV carriers or among children in institutions
for the mentally retarded can also spread infection. Transmission of infection by transfusion
of contaminated blood or blood products has been greatly reduced since the advent of routine
screening with highly sensitive tests for HBsAg.

Although subtypes of HBV exist, infection or immunization with 1 subtype confers immuni-
ty to all subtypes.

* Reprint from MMWR 31:24, 1982 pp 317-328.
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Serologic surveys demonstrate that although HBV infection is uncommon among adults in
the general population, it is highly prevalent in certain groups. Those at risk, based on the pre-
sence of serologic markers of infection, are described in Table 1. Immigrants/refugees and
their descendants from areas of high HBV endemicity are at high risk of HBV infection. Homo-
sexually active males and users of illicit injectable drugs are among the highest-risk groups,
acquiring infection soon (10%-20%/year) after adopting these lifestyles. Inmates of prisons
also appear to be at high risk, possibly as a consequence of drug abuse or homosexual prac-
tices. Patients and staff in custodial institutions for the mentally retarded are also at increased
risk of having HBV infection. Classroom contacts of some deinstitutionalized carriers may

TABLE 1. Expected hepatitis B virus prevalence in various population groups

Prevalence of serologic
markers of HBV infection

HBs AG(%) All markers (%)

High risk
Immigrants/refugees from areas of

high HBV endemicity 13 70-85
Clients in institutions for

the mentally retarded 10-20 35-80
Users of illicit parenteral drugs 7 60-80
Homosexually active males 6 35-80
Household contacts of HBV carriers 3-6 30-60
Patients of hemodialysis units 3-10 20-80
Intermediate risk
Prisoners (male) 1-8 10-80
Staff of institutions for

the mentally retarded 1 10-25
Health-care workers :

Frequent blood contact 1-2 15-30
Low risk
Health-care workers

No or infrequent blood contact 03 3-10
Healthy Adults (first-time volunteer

blood donors) 0.3 3-5

also be at higher risk than the general population. Intimate household and sexual contact with
HBV carriers increases risk, as does receiving certain pooled plasma products and undergoing
hemodialysis.

There is increased risk for certain medical and dental workers, and related laboratory and
support personnel, who have frequent contact with blood from infective patients. Employ-
ment in a hospital without exposure to blood carries no greater risk than that for the general
population.

Vaccine

Hepatitis B virus vaccine is a suspension of inactivated, alum-adsorbed 22-nm surface anti-
gen particles that have been purified from human plasma by a combination of biophysical {ul-
tracentrifugation) and biochemical procedures. Inactivation is a 3-fold process using 8-M
urea, pepsin at pH 2, and 1:4,000 formalin. Each of these processes has been shown to inacti-
vate HBV and representative viruses from all known groups, and thus should inactivate any
viruses potentially contaminating the vaccine. HBV vaccine contains 20 pg/ml of HBsAg
protein.
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After a series of 3 intramuscular doses of HBV vaccine, an average of over 90% of healthy
adults developed protective antibody (7,2). A course of 3 10-ug doses induces antibody in
virtually all infants and children 3 months through 9 years of age tested to date. Protective an-
tibody titers have persisted during 3 years of observation, although a gradually declining titer
has been observed.

Field trials of the United States-manufactured vaccine have shown 80%-95% efficacy in
preventing infection or hepatitis among susceptible persons (3,4). Protection against illness
was complete for persons who developed antibodies after vaccination but befure exposure.
The duration of protection and the consequent need for booster doses are not yet known.

Studies are planned or are under way in various settings to assess the value of vaccination
after HBV exposure. For post-exposure prophylaxis, see the ACIP recommendations for the
use of immune globulin (5); see below for recommendations regarding infants born to moth-
ers who are HBV carriers and for sexual contacts of patients with acute hepatitis B.

Vaccine Usage

Primary adult vaccination consists of 3 intramuscular doses of 1.0 ml of vaccine (20
1ag/1.0 ml) each. The second and third doses should be given 1 and 6 months, respectively,
after the first. For patients undergoing hemodialysis, and for other immunosuppressed pa-
tients, 3 2-ml doses (40 ng) should be used. For children under 10 years of age, 3 similariy
spaced doses of 0.5 ml (10 ng) are sufficient. Vaccine doses administered at longer intervals
than those stipulated provide equally satisfactory protection, but optimal protection is not
conferred until after the third dose. Since HBV vaccine is an inactivated (non-infective) prod-
uct, it is presumed that there will be no interference with other simultaneously administered
vaccine(s). The duration of protection and the need for booster doses have not yet been
determined.

Vaccine Storage

Vaccine should be stored at 2C-8C but not frozen. Freezing destroys the potency of the
vaccine.

Side Effects and Adverse Reactions

Side effects among 12,000 recipients of HBV vaccine observed to date have been limited
to soreness and redness at the injection site (3,4).

Data are not available on the safety of the vaccine for the developing fetus, but because it
contains only non-infectious HBsAg particles, the risk to the fetus from the vaccine should be
negligible. In contrast, HBV infection in a pregnant woman may result in severe disease for the
mother and chronic infection for the newborn. Pregnancy should not be considered a contrain-
dication to the use of this vaccine for persons who are otherwise eligible.

-Effect of Vaccination on Carriers
The vaccine produces neither therapeutic nor adverse effects in HBV carriers (6).

Vaccination of Inmune Persons

Vaccination of individuals who possess antibodies against HBV from a previous infection
is not necessary but will not cause adverse effects. Such individuals will have a post-
vaccination increase in their anti-HBs levels. Passively acquired antibody, whether from
hepatitis B immune globulin (HBIG) administration or from the transplacental route, will notin-
terfere with active immunization (7).

Prevaccination Serologic Screening for Susceptibility

HBV carriers and those having antibody from previous infection need not be vaccinated,
but serologic screening to detect such individuals before vaccination may or may not be cost
effective. The decision to screen potential vaccine recipients is an economic one that depends
on 3 variables: 1) the cost of vaccination, 2) the cost of testing for susceptibility, and 3) the
prevalence of immune individuals in the group. All are important in estimating whether routine,
selective, or no screening will be most economical in an HBV vaccination program.
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Figure 1 shows the relative cost effectiveness of screening, given different costs of screen-
ing tests and the expected prevalence of immunity. In constructing the figure, the assumption
was made that the cost of 3 doses of vaccine is $100 and that there are additional costs for
administration. For any combination of screening costs and immunity to hepatitis, the cost ef-
fectiveness can be estimated. For example, if the expected prevalence of serologic markers
for HBV is over 20%, screening is cost effective if costs of screening are no greater than
$30/person. If the expected prevalence of markers is less than 8%, and if the costs of screen-
ing are greater than $10 per person, vaccination without screening is cost effective.

Screening in groups with the highest risk of HBV infection (e.g., users of illicit injectable
drugs, homosexually active males, and institutionalized mentally retarded persons) will be
cost effective unless testing costs are extremely high. For groups at intermediate risk (e.g.,
health-care workers with an expected prevalence of 8%-20%), cost effectiveness of screening
may be marginal, and vaccination programs may or may not utilize screening. For groups with
a low expected prevalence of HBV serologic markers (e.g., entering health professionals)
screening will not be cost effective.

For routine screening, only 1 antibody test, either anti-HBc or anti-HBs, need be used. Anti-
HBc will identify all previously infected persons, both carriers and those who are not carriers,
but will not discriminate between members of the 2 groups. Anti-HBs will identify those pre-
viously infected except for carriers. For groups expected to have carrier rates of <2%, such
as health-care workers, neither test has a particular advantage. For groups with higher carrier
rates, anti-HBc may be preferred to avoid unnecessary vaccination of carriers. If a radioimmu-
noassay (RIA) anti-HBs test is used for screening, a minimum of 10 RIA sample ratio units
should be used to designate immunity (2.1 is the usual designation of a positive test) (4).

FIGURE 1. Cost effectiveness of pre-vaccination screening of hepatitis B virus vaccine
candidates*
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Serologic Confirmation of Post-Vaccination Immunity

HBV vaccine produces protective antibody (anti-HBs) in more than 90% of healthy persons
(7-2). Revaccination of those persons who did not respond to the primary series has pro-
duced antibody in only one-third. Thus, there seems little need to test for immunity following
vaccination except for dialysis patients, whose subsequent management depends on knowing
their immune status.

Pre-Exposure Vaccination
Persons at substantial risk of HBV infection who are demonstrated or judged likely to be
susceptible should be vaccinated. They include:

Health-Care Workers —Health-care workers (medical, dental, laboratory, and support
groups) have varied risks of exposure to HBV depending on their jobs. Those workers for
whom vaccine is recommended should be vaccinated as soon as possible after beginning
work in a high-risk environment, ideally during their period of training.

Hospital Staff —Hospital staff are at increased risk of HBV infection because of contact
with blood and blood products. The risk for hospital personnel can vary both among hospi-
tals and within hospitals. In developing specific immunization strategies, hospitals should
use available published data about the risk of infection (8-70) and, in addition, may wish
to evaluate their own clinical and institutional experience with hepatitis B.

Studies in urban centers have indicated that occupational groups with frequent expo-
sure to blood and/or needles have a substantial risk of acquiring HBV infection. The highest
risk is for individuals with frequent blood exposure, including the following groups: medical
technologists, operating room staff, phlebotomists and intravenous therapy nurses, sur-
geons and pathologists, and oncology and dialysis unit staff. Other groups that have been
shown to be at increased risk in some hospitals include: emergency room staff, nursing
personnel, and physicians. To quantitate HBV risks among workers, groups can be ranked
according to their frequency of blood/needle exposure. Additional information can be ob-
tained from employee health records, serologic prevalence surveys, and estimates of
HBsAg prevalence among patients.

Other Health-Care Workers —Other health workers, based outside of hospitals, who
have frequent contact with blood or blood products are at increased risk of acquiring HBV
infection. These include dental professionals (dentists, oral surgeons, dental hygienists),
laboratory and blood bank technicians, dialysis center staif, morticians, and similar
professionals.

Clients and Staff of Institutions for the Mentally Retarded —Susceptible clients and
selected staff of institutions for the mentally retarded should be vaccinated. Risks for staff
are comparable to those for health-care personnel in other high-risk environments. Howev-
er, the risk in institutional environments is associated not only with blood exposure, but is
also consequent to bites and contact with skin lesions, saliva, and other infective
secretions. )
Hemodialysis Patients —Numerous studies have established the high risk of HBV virus
. transmission in hemodialysis units. While recent data have shown a decrease in the rate of
HBV infection in hemodialysis units following introduction of environmental control mea-
sures, vaccination is recommended for susceptible patients.

Homosexually Active Males —Susceptible homosexually active males should be vac-
cinated regardless of their age or duration of their homosexual practices. It is important to
vaccinate persons as soon as possible after their homosexual activity begins. Homosexual-
ly active females do not appear to be at increased risk of sexually transmitted HBV
infection.

illicit Injectable Drug Users —All users of illicit injectable drugs who are susceptible to
HBV should be vaccinated as early as possible after their drug use begins.

Recipients of Certain Blood Products — Although screening of all blood donors for
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HBsAg has decreased the incidence of transfusion-related HBV infection, patients with
clotting disorders who receive factor VIl or IX concentrates have an elevated risk of HBV
infection. Vaccination is recommended for these persons, and should be initiated at the
time their specific clotting disorder is identified. Screening is recommended for patients
who have already received multiple infusions of these products.

Household and Sexual Contacts of HBV Carriers —Household contacts of HBV carriers
are at high risk of HBV infection. Sexual contacts appear to be at greatest risk. Vaccination
of susceptible household contacts of carriers is recommended. At present, most carriers
are identified through routine screening of donated blood, diagnostic testing in hospitals,
or through other screening programs among high-risk groups. As part of expanded HBV
control programs, additional screening to identify HBV carriers may be warranted.

Other Contacts of HBV Carriers —Persons in contact with carriers at schools, offices,
etc., are at minimal risk of contracting HBV, and vaccine is not routinely recommended for
them. However, classroom contacts of deinstitutionalized mentally retarded HBV carriers
who behave aggressively or have special medical problems that increase the risk of expo-
sure to their blood or serous secretions may be at risk. In such situations, vaccine may be
offered to classroom contacts.

Special High-Risk Populations —Some American populations, such as Alaskan Eskimos,
and immigrants and refugees from areas with highly endemic disease |particularly eastern
Asia and sub-Saharan Africa) have high HBV infection rates and deserve special attention.
Depending on specific epidemiologic and public health considerations, more extensive vac-
cination programs may be warranted.

Inmates of Long-Term Correctional Facilities —The prison environment may provide a

ble drugs and homosexual practices. In such institutions, prison officials may elect to un-

dertake screening and vaccination programs.
Post-Exposure Vaccination

Infants Born to HBsAg-Positive Mothers —Pregnant women who are HBsAg positive
should be informed about the risk of transmission to their infants. Infants born to these .
women should receive HBIG (5,77). Infants whose mothers are chronic carriers will be con-
tinuously exposed to HBV throughout their childhood; therefore these infants should receive -
vaccine. The optimum timing for vaccination in conjunction with HBIG administration has not
been established. Pending additional information, it is recommended that vaccination begin at
3 months of age or shortly thereafter. Studies to determine the immunogenicity and efficacy
of vaccine at birth, with or without HBIG, are currently under way.

Sexual and Household Contacts of Acute Hepatitis B Cases and Health Workers Who
Receive Needie Sticks from HBsAg-Positive Patients —Possible alternatives for post-
exposure prophylaxis include HBIG, immunoglobulin (IG), HBV vaccine, or a combination of
vaccine and an immune globulin. Recommendations for immune globulin use have already
been published (5). Studies are currently under way to evaluate the use of vaccine in some of
these settings. No recommendations can be made at this time for post-exposure use of HBV
vaccine.
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*Includes Rubella, Congenital Syndrome

**Includes 12 cases of Hepatitis, Non A and Non B, reported Jan.-June, 1982
***Acquired outside United States Unless otherwise stated.
From January 1, 1982-June 30, 1982 the following cases were also reported:

1-Psittacosis
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