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Abstract: In 1985, 6,991 Asian children were adopted by Amer-
icans. To estimate the risk that such children may transmit hepatitis
B virus to their adoptive families, we conducted a cumulative-
incidence follow-up study in the State of Washington. We examined
the association between having adopted a hepatitis B surface antigen
(HBsAg)-seropositive Asian child and serologic evidence of past or
present hepatitis B virus infection in adoptive family members.

Introduction
In 1985, 6,991 Asian children were adopted into Amer-

ican families.' Previous studies indicate that the prevalence
of hepatitis B surface antigen (HBsAg) in these children
ranges from 4 per cent to 5 per cent.2'3 The Centers for
Disease Control (CDC) Immunization Practices Advisory
Committee (ACIP) currently recommends HBsAg screening
of children being adopted from countries with high hepatitis
B virus (HBV) prevalence, and vaccination of adoptive
family members if the screened child is found to be HBsAg-
seropositive.4 These recommendations are based on studies
that show that HBV infection is transmitted within fami-
lies.'

The results oftwo studies that specifically addressed the
issue of Asian adoptees suggest that these children increase
the risk of their adoptive American families for acquiring
HBV infection. One study of American families who had
adopted an HBsAg-seropositive child from Vietnam found
that eight of 59 adoptive family members (14 per cent) had
antibody to HBsAg.6 A second study ofSwedish families who
had adopted an HBsAg-seropositive child from Korea or
India found that 22 of 36 adoptive family members (61 per
cent) had clinical or serologic evidence of past or present
HBV infection.3 Neither study included a control group.

To estimate the risk of acquiring HBV infection for
members of American families who adopt an HBsAg-
seropositive child, and thereby provide additional data on
which physicians and public health practitioners might base
specific recommendations for vaccination, we carried out a
new study.

Methods
Population and Study Design

In 1983, we conducted a cumulative-incidence follow-up
study of families residing in the 17 most populous of Wash-
ington State's 39 counties. All the study families had adopted
a child from Korea or India through the Washington Asso-
ciation of Christian Adoptive Parents, which provided a list
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Seven (9 per cent) of 77 family members exposed to an HBsAg-
seropositive child had evidence ofpast or present infection compared
with four (2 per cent) of 232 nonexposed (relative risk = 5.3; 90%
confidence limits [CL] = 2.0-13.9). The risk was higher for those with
prolonged exposure and was entirely restricted to parents. (Am J
Public Health 1988; 78:26-29.)

of such families. An adopted childwas eligible ifhe or she had
been adopted between January 1, 1979 (the earliest date that
state-specific records were kept) and June 15, 1983 (the
beginning of study enrollment), and if he or she had not been
previously tested for serologic markers ofHBV infection. An
adoptivefamily member was eligible if he or she was a parent,
a sibling, or a relative, had resided with the family during the
entire period of the adopted child's time in the US, had lived
with the adopted child for two months or more, and had never
received hepatitis B immune serum globulin nor hepatitis B
vaccine. All adopted children were asked to participate in the
study. A 100 per cent sample of the families who were
exposed to an HBsAg child and a 30 per cent random sample
of nonexposed families were included in the study.
Data Collection

Laboratory and historical data were collected from all
participants. Serum from each adopted child was tested for
HBsAg and antibody to core antigen (anti-HBc) by enzyme-
linked immunosorbent assay (ELISA)*. Sera that were
positive for HBsAg were further tested for hepatitis B e
antigen (HBeAg) by radioimmunoassay.* Serum from each
family member was tested for HBsAg, anti-HBc, and anti-
body to surface antigen (anti-HBs) by ELISA.* Each par-
ticipant was interviewed to obtain information on age, gen-
der, country of birth, current residence, years of education,
occupation, and developmental disabilities (children with
developmental disabilities may be at increased risk of acquir-
ing and transmitting HBV infection).
Definitions

Disease Status in Adopted Children-An adopted child
was defined as HBsAg-seropositive if his or her serum tested
positive for HBsAg and either anti-HBc or HBeAg, and
HBeAg-seropositive if his or her serum tested positive for
both HBsAg and HBeAg. Thus, the serologic status of an
adopted child with a positive HBsAg test was confirmed by
a second test. An adopted child was HBsAg-seronegative if
the serum tested negative for HBsAg.

Disease Status in Family Members-A family member
was defined as having evidence of past or present HBV
infection if his or her serum tested positive for anti-HBc and
either HBsAg or anti-HBs, and as not having evidence of
infection if his or her serum tested negative on two of the
three tests. This two-test standard was employed because the
use of either anti-HBc or anti-HBs alone is associated with a
substantial percentage of false positives.8

*Abbott Laboratories, North Chicago, IL
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TABLE 1-Characteristics of Family Members Exposed and Nonexposed
to an HBsAg-seropositive Child Adopted from Asia

All Family Members Parents Only

Exposed Nonexposed Exposed Nonexposed
Characteristics (N = 77) (N = 232) (N = 50) (N = 139)

Age, years (mean) 29 26 39 37
Gender (% male) 45 53 48 47
Education, years (mean) 12 10 15 15
Health care occupation (%) 0 3 0 5
Birth in AsiaorAfrica (%) 3 2 4 4

Exposure Status-A family member was defined as
exposed if he or she had been living with a seropositive
adopted child for two months or more. If there was more than
one seropositive adopted child in the family, exposure was
defined as starting two months after the first seropositive
child came to live with the family. A family member was
defined as nonexposed if he or she had been living with a
seronegative child.
Analysis

The relative risk (RR) of acquiring HBV infection that
was associated with living with an HBsAg-seropositive child
was defined as the proportion infected among the exposed
divided by the proportion infected among the nonexposed.
For single tables, confidence limits (CL) were calculated
using a chi-square method9"0; maximum likelihood methods
were used to calculate the RRs for stratified analyses." To
test whether increasing duration ofexposure to a seropositive
child was associated with an increasing risk of infection, we
used a chi-square statistic that employs an arc-sine transfor-
mation to stabilize variances between small strata. ""

Results
The HBsAg-serostatus could be determined for 511 (96

per cent) of 531 adopted children; there was sufficient serum
for the determination of the HBeAg-serostatus of 25 (71 per
cent) of 35 HBsAg-seropositive children. Of 391 otherwise
eligible family members, 78 (20 per cent) refused participation
and four (1 per cent) provided insufficient serum to complete
testing. Hence, 309 family members (79 per cent) were
included in the HBsAg analysis. An additional 37 family
members (9 per cent) lived with an adopted child who had
insufficient serum available for the HBeAg test.
Adopted Children

Overall, 35 (7 per cent) of 511 adopted children were
confirmed by two tests to be HBsAg-seropositive; 31 (7 per
cent) of 433 Korean children and four (5 per cent) of78 Indian
children were seropositive. Ofthe adopted children who were
HBsAg-seropositive and for whom there was sufficient serum
to test for HBeAg, 19 (76 per cent) of 25 were HBeAg-
seropositive; 18 (82 per cent) of 22 Korean children, and one
(33 per cent) of three Indian children were seropositive.
Family Members

The characteristics of exposed and nonexposed family
members were very similar with respect to age, gender, years
of education, percentage employed in a health care occupa-
tion (physician or nurse), and percentage born in Asia or
Africa (Table 1). Adjustment for these small differences did
not alter the estimates of reltive risk by more than 5 per cent
and the alterations tended to balance each other; further-
more, none of the family members who were both exposed

TABLE 2-Prevalence of Serologic Evidence of Past or Present Hepatitis
B Virus Infection among Adoptive Family Members by Expo-
sure to an HBsAg-seroposftive Child

Number Infected/Total 90%
Relative Confidence

Group Exposed Nonexposed Risk Limits

All Family Members 7/77 4/232 5.3 (2.0-13.9)
Parents Only 7/50 4/139 4.9 (1.9-12.7)

and infected had been born in Asia or Africa. Hence, we
present the unadjusted results.

Overall, 11 (4 per cent) of 309 family members had
evidence of past or present HBV infection. Exposed family
members were 5.3 times as likely to be infected as
nonexposed family members (Table 2). Although 27 (23 per
cent) of 118 siblings were exposed, none of the exposed and
none of the nonexposed siblings had been infected. Exposed
parents were 4.9 times as likely to have been infected as
nonexposed parents (Table 2). Exposed mothers and fathers
had virtually equal risks of infection: four (15 per cent) of 26
and three (13 per cent) of 24, respectively.

There was an increasing risk of infection associated with
prolonged exposure to a seropositive child (Figure 1). This trend
persisted when only parents were considered (p = 0.03).
Because young age at adoption might lead to intensive exposure
and HBeAg exposure, but also be associated with duration of
exposure, we examined the trend data by these factors. The age
at adoption (in days) of the seropositive children who were
adopted by the seven infected family members was as follows
in the three time periods in Figure 1: 28; 39, 41 (mean = 40); 31,
43, 29, 27 (mean = 33). Furthermore, six ofseven were exposed
to an HBeAg-seropositive adopted child (and the last may have
been, but there was insufficient serum to determine the
child's HBeAg serostatus). Hence, the effect of duration of
exposure seems to be independent of these other factors.
There were 50 HBsAg-exposed family members whose
HBeAg exposure status could also be confirmed. Of these,
six (15 per cent) of 40 exposed to an HBeAg-seropositive
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FIGURE I-Per Cent of Family Members Infected (number infected divided by
total) by Duration of Exposure to an HBsAg-seroposltive Child.
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child were infected, compared with 0 of 10 HBeAg-
nonexposed (RR = 00; 90% CL = 0.7 - m0).

There was no association between the gender of the
adoptive child and the risk of infection. None of the family
members exposed to a child born in India was infected. This
finding may have been explained by the fact that only two
family members were exposed to an HBeAg-seropositive
Indian child, compared to 38 family members exposed to
such a Korean child. Finally, none of the infected family
members was exposed to an adopted child with a develop-
mental disability, suggesting that developmental disabilities
did not contribute to the prevalence ofHBV infection in this
population.
Discussion

We found an increased risk of past or present HBV
infection among family members who had adopted an
HBsAg-seropositive child. This risk was determined in a
controlled study, quantified with the determination of a
relative risk and associated confidence intervals, and sub-
stantiated by the demonstration of a dose-response relation-
ship (increasing prevalence with increasing duration of ex-
posure). Although the data suggested that exposure to an
HBeAg-seropositive child was associated with a higher risk
of infection than that associated with exposure to an HBsAg-
seropositive child, the data were too sparse to be able to
exclude an important role for chance in this association.

For ascertainment bias to explain the observed effect,
the ascertainment ofinfection would have to have been better
among exposed family members. Although we had to exclude
a few persons in our sample because of insufficient blood,
there is no reason to believe that there was any association
between difficulty in obtaining blood and either exposure or
infection.

For selection bias to explain the observed effect, mem-
bers offamilies who had adopted a seropositive child and who
had also acquired HBV infection from a source other than an
adopted child would have to have been more likely to be
selected into the study. This feature is a secondary result of
our study design, in that we were unable to ascertain lack of
infection at the beginning of this study. Because families with
a child who was known to be seropositive might have been
more likely to come for testing, families with an adopted child
who had been tested previously (whatever the results) were
excluded. It is possible that a family member contracted
hepatitis as a result of exposure to a seropositive child; such
individuals would have been excluded from the study,
lowering the estimate of relative risk.

Because approximately one-fifth of eligible family mem-
bers refused participation, there may have been a bias
introduced by self-selection. For this selection to explain the
results, family members who were more willing to participate
would have to have been both more likely to have adopted a
seropositive child and to have been infected from another
source than those who refused participation.

Because we performed a retrospective cumulative-inci-
dence study, we had to make one other assumption, namely,
that all the infected children were infected before coming to
live with their adoptive families, and did not acquire infection
in the US from a source that might have transmitted it to the
family members.

Confounding bias could have been responsible for these
results if family members who adopted a seropositive child
were more likely to have acquired infection from another
source. However, we found that exposed and nonexposed

family members were highly comparable with respect to five
factors that are closely correlated with the prevalence of
HBV infection: age, gender, years of education, country of
birth, and occupation. 12 We did not inquire about three other
major risk factors for acquiring HBV infection: multiple
blood transfusions, the use of illegal parenteral drugs, and
male homosexuality. However, before adoption, the health
and backgrounds of the adoptive families were screened;
hence the prevalence of these risk factors is likely to have
been very low. Moreover, to have explained the observed
effect, these risk factors would have to have been both
common and more prevalent among family members who
adopted a seropositive child than among those who adopted
a seronegative child.

To further specify the role of chance in this study, we
calculated the corresponding 95 per cent confidence limits for
the results presented in Table 2. The 95 per cent CL for the
relative risks reported in Table 2 were 1.7-16.4 for all family
members, and 1.6-15.0 for parents only.

Why were siblings not at risk? The rate of child-to-child
transmission ofHBV depends on the type ofcontact between
children. In the developing world, where many children have
open skin lesions, skin-to-skin contact is thought to be an
important route oftransmission. 3 Children who are residents
of institutions for the developmentally disabled, and thus
have medical and behavioral conditions not present in our
population, are thought to transmit HBV to other residents
through saliva and blood; in day-only settings, the rate of
transmission is lower.'4 By contrast, in our relatively well-
educated and healthy population, the rate of transmission
would be expected to be low, which is what we found.
However, the studies of Vietnamese, Korean, and Indian
adoptees cited above, although uncontrolled, may provide
some evidence that otherwise healthy young children can
transmit HBV to their siblings.

In addition to their health, the opportunity for transmis-
sion would be expected to depend on the interactions
between the children. Persons susceptible to HBV infection
who act as caretakers of seropositive children who are either
very young or who are same-age siblings would tend to have
the most intimate contact, and thus potentially be at highest
risk. In our study, the eight siblings who were exposed to
seropositive adoptees under three years of age were them-
selves from 0 to seven years of age, i.e., too young to act as
caretakers. The three exposed siblings who were teenagers,
and so might have been expected to act as caretakers, were
exposed to children who were adopted at five, seven, and
nine years of age. Although eight children were exposed to a
seropositive adoptee who was within two years of their own
age, only two were exposed to such a child who was adopted
at under two years of age. These relative ages and the overall
excellent health of this population together might explain the
lack of sibling-to-sibling transmission in this study.

In summary, our results add to the findings of Szmu-
ness,5 Vernon,6 and Bernier,7 upon which the current rec-
ommendations ofthe Immunization Practices Advisory Com-
mittee are based.

ACKNOWLEDGMENTS
We thank the Adoption Services of the Washington Association of

Christian Adoptive Parents for providing the list of adoptive families, the
County Health Officers of Washington State for facilitating the study, Suzanne
Mills of the Washington State Public Health Laboratory for performing the
laboratory analyses, and Bette Lebens and Eli Esber for technical support.

28 AJPH January 1988, Vol. 78, No. 1



HBV TRANSMISSION FROM ASIAN ADOPTEES

REFERENCES
1. Immigration and Naturalization Service: 1985 Statistical Yearbook of the

Immigration and Naturalization Service. Washington, DC: Department of
Justice, (in press).

2. Greenblatt M, Khoo E-L: Incidence of hepatitis B carriers among adopted
Korean children (letter to the editor). N Engl J Med 1985; 312:1639.

3. Nordenfeldt E, Dahlquist E: HBsAg positive adopted children as a cause
of intra-familial spread of hepatitis B. Scand J Infect Dis 1978; 10: 161-163.

4. Centers for Disease Control: Recommendations for protection against
viral hepatitis. MMWR 1985; 34:313-335.

5. Szmuness W, Harley EJ, Prince AM: Intra-familial spread of asympto-
matic hepatitis B. Am J Med Sci 1975; 270-:2:293-304.

6. Vernon TM, Wright RA, Konler PF, Merrill DA: Hepatitis A and B in the
family unit. Nonparenteral transmission by asymptomatic children. JAMA
1976; 235:2829-2831.

7. Bernier RH, Sampliner R, Gerety R, Tabor E, Hamilton F, Nathanson N:
Hepatitis B infection in households of chronic carriers of hepatitis B
surface antigen. Am J Epidemiol 1982; 116:199-211.

8. Hadler SC, Murphy BL, Schable CA, Heyward WL, Francis DP, Kane
MA: Epidemiological analysis of the significance of low-positive test

results for antibody to hepatitis B surface and core antigens. J Clin
Microbiol 1984; 19:521-525.

9. Koopman PAR: Confidence intervals for the ratio of two binomial
proportions. Biometrics 1984; 40:513-517.

10. Miettinen OS: Theoretical Epidemiology. New York: John Wiley & Sons,
1985; 172-200.

11. Rothman, KJ: Modem Epidemiology. Boston: Little, Brown, 1986;
193-194.

12. Szmuness W, Harley EJ, Ikram H, Stevens CE: Sociodemographic
aspects of the epidemiology of hepatitis B. In: Vyas GN, Cohen SN,
Schmid R (eds): Viral Hepatitis: A Contemporary Assessment of Etiology,
Epidemiology, Pathogenesis, and Prevention. Philadelphia: Franklin In-
stitute Press, 1978; 297-320.

13. Petersen NJ, Barrett DH, Bond WW, et al: Hepatitis B surface antigen in
saliva, impetiginous lesions and the environment in two remote Alaskan
villages. Appl Environ Microbiol 1976; 32:572-574.

14. Breuer B, Friedeman SM, Millner ES, Kane MA, Snyder RH, Maynard
JE: Transmission of hepatitis B virus to classroom contacts of mentally
retarded carriers. JAMA 1985; 254:3190-3195.

AAPOR's 1988 Convention in Toronto
Call for Participation

The American Association for Public Opinion Research will hold its 43rd annual conference May
19-22, 1988 in Toronto, Canada. The AAPOR Conference Committee hopes to stimulate participation
from all segments of the public opinion research community, and will consider proposals from
researchers on any topics. This is ajoint AAPOR/WAPOR conference, and papers with a multinational
thrust are encouraged.

The following are general areas where paper and presentations are especially desirable. However,
proposals on any public opinion research topic will be considered.

METHODS: GOOD AND BAD SURVEY RESULTS AND THEIR IMPACT
-Problems of bad research -How polls affect government policy
-Litigation in survey research -Values and education
-Cognitive psychological insight into questionnaire -AIDS

design -Minorities
-Language and literacy problems in survey research -War and peace
-Polling on sensitive topics -Polling in communist societies
-New technologies in survey research -Risk assessment and communication
-Media measures: diaries, people meters, etc. -Ethics in survey research
-Focus groups -The 1988 presidential campaign
-Presenting statistical data -Political advertising
-Sources of non-sampling error -Interventions in survey research
-Understanding questions -Media effects
-Experimental interventions mixed with survey research -Events and public opinion: Iran-Contra

For consideration for this year's program, please send three copies of the paper or proposal to:
Kathleen A. Frankovic

1988 AAPOR Conference Chair
CBS News Election and Survey Unit

533C West 57th St.
New York, NY 10019

Deadline: January 20, 1987
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