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Abstract

Definitive immunization guidelines for internationally adopted children are lacking. We examined
whether these children had serologic evidence of protection against vaccine-preventable diseases.
For children with >3 vaccine doses, overall protection was high for diphtheria (85%), tetanus
(95%), polio (93%), hepatitis B (77%), and Hib (67%). For children 212 months of age with >1
dose of measles, mumps, or rubella vaccines, 95%, 72%, and 94% were immune, respectively.
Children without immunization documentation had lower immunity. Serologic testing was useful
in verifying the immunization status in internationally adopted children with and without
documentation of immunizations.
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1. Introduction

In 2008, 17,443 children were internationally adopted by families in the United States (US)
and more than 200,000 children were adopted in the past decade [1]. The American
Academy of Pediatrics (AAP) recommends that children undergo a comprehensive health
assessment shortly after arrival to the US, including an assessment of previously
administered vaccines [2]. While the Advisory Committee on Immunization Practices
(ACIP) [3], the Infectious Disease Society of America (IDSA) [4], and the AAP [2] provide
several options for assuring that internationally adopted children are properly immunized, no
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clear consensus exists about which strategy is optimal. Written records may be accepted as
valid if: the vaccines, dates of administration, numbers of doses, intervals between doses,
and patient’s age at the time of immunization are all consistent with the current US or World
Health Organization schedule. Serologic testing may also be used to verify the child’s
immunizations. Another option provided is to give one dose of vaccine and do serologic
testing one month later. If there are concerns about whether vaccines were administered
properly or were immunogenic, repeat administration of immunizations is recommended.

The lack of definitive recommendations for immunization decisions in internationally
adopted children is likely due to the varied results from previously published studies [5-15].
The interpretation and comparison of results from these studies may differ due to differences
in laboratory methods and definitions of protection. In addition, many of these studies have
small sample sizes, minimal country-specific data, and evaluated only a few vaccine
antigens. Serologic testing has been used in research settings in vaccine development and
post-licensure surveillance to verify response to vaccine antigens and to provide a surrogate
for protection [16]. In addition, many health care providers, employers, and public health
agencies utilize serology in populations such as military recruits, health care workers, and
pregnant women to document their immune status and to determine their potential need for
immunization [3,4]. Since serum antibody testing is widely accepted as a method to verify
immunity [3,4,16], we have routinely used serologic testing to guide our recommendations
for immunization in internationally adopted children. To assist in providing data for
evidence-based guidelines, the objective of our study was to determine whether
internationally adopted children had serologic evidence of protection against vaccine
preventable diseases and to determine if documentation of immunization was associated
with protective antibody levels.

2. Methods
2.1. Study population

Children evaluated at the International Adoption Center at Cincinnati Children’s Hospital
Medical Center (CCHMC) in Cincinnati, OH from November 1999 through June 2004 were
eligible for the study if they had serologic testing for any vaccine antigen. They were
excluded from the analysis for a specific antigen if they received a vaccine in the US for that
antigen prior to serologic testing. In the case of hepatitis B virus (HBV), they were also
excluded if they had serologic evidence of past or current infection or hepatitis B virus
testing was inconclusive (positive testing for hepatitis B surface antigen and/or hepatitis B
core antibody). Children =5 months of age could have testing for diphtheria, tetanus, polio,
HBV, or Haemophilus influenzae type b (Hib), and those =12 months of age could also have
testing for measles, mumps, rubella, or varicella. Demographic and clinical data extracted
from the child’s record included: birth country, gender, birth date, visit date, documentation
of immunizations (type and date), history of measles, mumps, rubella, or varicella disease,
and serologic testing (dates and results). In countries with fewer than 10 children, the
children were grouped by region as follows: Africa (Ethiopia, Ghana, Liberia, and South
Africa), Other Asian (Azerbaijan, Cambodia, Nepal, Philippines and Thailand), Other
Eastern European (Albania, Belarus, Moldova and Slovakia), Other Latin American and
Caribbean (Bolivia, Colombia, Haiti, and Peru). Detailed country-specific data for
individual countries with >10 children is provided in the appendices. This study was
approved by the CCHMC Institutional Review Board.

2.2. Serologic testing

Standard serologic assays and methods at commercial laboratories were used. More than
95% of children had testing done for a given vaccine antigen at the same laboratory utilized
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by CCHMC during the study period. For diphtheria and tetanus, immunoglobulin G (1gG)
enzyme-linked immunosorbent assays (ELISA) were done. The definition of protective
antibody for diphtheria was >0.10 1U/mL [16-19] and for tetanus was >0.10 1U/mL [16,19-
21]. For polio, neutralizing antibody to each polio serotype was performed and the definition
of protection was a titer of >1:8 for each serotype [16,22—24]. An ELISA for HBV (hepatitis
B surface antibody/anti-HBs) was used and the definition of protection was >10 mlU/mL
[16,25]; the Abbott assay (Chicago, IL) was used in >95% of children [26]. For Hib, an IgG
ELISA to polyribosylribitol phosphate (PRP) was used and two definitions of protection
were evaluated (=1.0 and >0.15 1U/mL) [16,27,28]. For measles and mumps,
immunofluoresent antibody assays were used for 97% of children with cut-off values of
>1:8 for measles [29-31] and >1:16 for mumps [31,32]; the remaining children had
immunosorbent assays done. For rubella, all children had immunosorbent assays done; 95%
of the assays had an ELISA done with a cut-off value of 210 IU/mL as positive [33]. For
varicella, 98% of children had an ELISA done with a qualitative cut-off as positive with an
OD ratio of >21.10 [34].

2.3. Statistical analysis

3. Results

Our primary outcome of interest was the defined level of protective antibody for each
vaccine antigen which served as a surrogate for immunity/protection [16]. Protective
antibody was examined by the number of documented vaccine doses and by birth country.
For the four countries with the largest number of children (Russia, China, Guatemala, and
Kazakhstan), the Cochran—Armitage trend test and the exact test for trends were used to
examine the association between protection and an increasing number of doses. For South
Korea, very few children were unimmunized; therefore the test for trend could not be done.
Chi-square and Fisher’s exact tests were used to examine country-specific differences
among the four countries with the largest number of children. The sensitivity and specificity
of varicella disease history to predict protective antibodies was calculated. Statistical
analyses were performed using SAS® (Version 9.2, SAS Institute, Cary, NC). All tests were
two-sided and p-values <0.05 or 95% confidence intervals (CI) that did not include one were
considered statistically significant. Adjustments were not made for multiple testing.
Demographic variables were descriptively summarized as medians and ranges for non-
normally distributed variables and as percentages for categorical variables.

3.1. Study population characteristics

Overall, 816 children were evaluated at the International Adoption Center at CCHMC from
November 1999 through June 2004. After all exclusion criteria were applied, 746 remained
eligible. For the HBV analysis, 31 were ineligible due to current (n = 5) or resolved
infection (n = 26). Table 1 summarizes the demographic characteristics of the children
studied. Consistent with US trends in international adoption [1], the majority of children
emigrated from one of five countries: Russia (34%), China (21%), Guatemala (12%),
Kazakhstan (7%), and South Korea (6%). Females accounted for 54% of adoptees, however,
Chinese children were more likely to be female compared to children from other countries
(p < 0.0001). The median ages at adoption and at initial adoption center visit were 14 and 15
months, respectively. Documentation of at least one vaccine from the birth country was
available for 89% of the children.

3.2. Protective antibody by vaccine antigen

The number of children with at least one serologic test done and therefore included in the
study was 746, however the number of children included for the analysis for a specific
vaccine antigen includes only those children with serologic testing done for that antigen.
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Table 2 provides a summary with all countries combined of the proportion of children with
protective antibody by the number of documented immunizations for each vaccine antigen.
In Table 3, overall and country-specific data for the five countries with the largest number of
children evaluated (Russia, China, Guatemala, Kazakhstan and South Korea) are presented
for each vaccine antigen by <3 and >3 documented doses of vaccine. To provide detailed
country-specific data by the number of documented doses of vaccine, additional tables are
provided in Appendices 1-5.

3.2.1. Diphtheria—Of the 665 children with diphtheria antibody testing done, most (86%)
had received at least one dose of a diphtheria vaccine and 69% had >3 doses (Appendix 1).
The overall proportion of children with protective antibody was 80% (Table 2). Overall, the
proportion with protection was significantly higher in children with >3 doses (85%)
compared to children with <3 doses (69%) (p < 0.001) (Table 3). Immunity was also
significantly higher with >3 doses compared to <3 doses in Russian (p < 0.01), Chinese (p <
0.001) and Guatemalan (p < 0.05) children. As the number of documented doses increased,
protection also increased for children with all countries combined (p < 0.0001) (Table 2),
and specifically for Russia (p < 0.001), China (p < 0.001) and Guatemala (p < 0.05)
(Appendix 1).

3.2.2. Tetanus—oOf the 670 children with tetanus antibody testing done, most (86%) had
received at least one dose of a tetanus vaccine and 69% had >3 doses (Appendix 1). The
overall proportion of children with protective antibody to tetanus was 89% (Table 2).
Overall, as well as for Russian and Chinese adoptees, children with >3 doses were
significantly more likely to be protected (95%) compared to children with <3 doses (76%) (p
< 0.001) (Table 3). The proportion of children with immunity against tetanus was greater
with increasing number of doses, overall (p < 0.0001) and in children from Russia (p <
0.001) and China (p < 0.001) (Appendix 1).

3.2.3. Polio—Of the 640 children with polio antibody testing done, most (88%) had
received at least one dose of polio vaccine and 73% had >3 doses (Appendix 2). The overall
proportion of children with protective antibody was 90% and 83% for those with <3 doses
and 93% for those with >3 doses (Table 2). The proportion immune was greater as the
number of doses increased, for all countries combined (p < 0.0001) and specifically, for
Russia (p < 0.01) (Appendix 2a). Immunity against each serotype was similar among
serotypes 1-3 (93%, 95%, and 94%, respectively) (Appendix 2b—d). Using a more
conservative titer (=1:32), 84% of children were immune overall while for serotypes 1-3,
87%, 93%, and 90%, were protected, respectively.

3.2.4. Hepatitis B (HBV)—Of the 670 children with hepatitis B serology done, most
(74%) had documentation of receiving at least one dose of HBV vaccine and 51% had >3
doses (Appendix 3). Overall, 60% of children had protective antibody for HBV (Table 2).
Children with >3 doses were significantly more likely to be immune (77%) compared to
those with <3 doses (42%) (p < 0.001) (Table 2). The proportion of children with immunity
increased with an increasing number of documented doses overall (for all countries
combined) and specifically for Russia, China and Guatemala (all p < 0.0001) (Appendix 3).
For children who had received 3 HBV vaccine doses, the interval from the third dose to
serologic testing was significantly shorter in children with protective antibody compared to
those without (median 162 vs 231 days p = 0.002). There was no difference in the
proportion with protective antibody who had received their third dose prior to 6 months of
age versus after 6 months of age (p = 0.12). Boosting was examined in those 54 children
who had initial non-protective antibody levels and then had a HBV vaccine in the US. For
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children with 0, 1, 2 and 3 doses in their birth county, 43%, 50%, 65% and 82% respectively
had protective antibody levels after a US dose when retested.

3.2.5. Haemophilus influenzae type b (Hib)—Testing for Hib began in 2002. Our
study included 299 children with Hib test results. Only 24% of these children had
documentation of Hib vaccine; 61% were from Guatemala and 25% were from South Korea
(Appendix 4). Using a conservative definition of protection (>1.00 IU/mL), the overall
proportion of children with protective antibody was 32% while for children with 0 doses and
>3 doses 20% and 67% were protected, respectively (Table 2). When the definition of
protection was >0.15 IU/mL, as expected, the overall proportion of children with protective
antibody was 53% and for children with 0 doses and >3 doses the proportion protected was
43% and 77%, respectively (Appendix 4). In the 26 children >5 years of age without
documentation of Hib vaccine, 50% had protection at the >1.0 level and 85% had protection
at the >0.15 level.

3.2.6. Measles—Of the 382 children >12 months of age with serologic testing, 70% had
documentation of a measles-containing vaccine (Appendix 5). Overall, 84% of children
were immune (Table 2). Protection increased as the number of doses increased; the
proportion with immunity was 58% for children with no documented doses, 94% with one
dose and 100% with >2 doses (p < 0.0001) (Table 3). This trend was also significant when
examined by country for children from Russia, China, Guatemala, and Kazakhstan (p <
0.0001, p = 0.0003, p = 0.014, p = 0.0004, respectively). In children with only one
documented dose of vaccine, there were no significant differences in the proportion
protected by country and there was no significant difference in the proportion protected in
children with one versus two doses of vaccine.

When the data were examined by age at vaccination (<9 months, 9-11 months and >12
months, there were 41, 183 and 144 children with testing done after 12 months of age
eligible for analysis, respectively. There was no significant difference in the proportion of
children with protective antibody to measles by age of immunization. For children
immunized <9 months of age, 95% had protective levels of antibody, while 94% of children
immunized at 9-11 months and >12 months of age were immune.

Measles immunity increased with age in children without documentation of a measles-
containing vaccine (p < 0.0001) (Fig. 1). In children 5 years or older, 97% with
documentation had immunity compared to 92% without documentation. Of the four children
with a history of measles, three had serology performed, and all had evidence of protection.
Excluding these three children from the analyses did not change the results presented.

3.2.7. Mumps—Mumps-containing vaccine was documented for 55% of the 321 children
with antibody testing done (Appendix 5). Overall 54% of children had protective levels of
antibody; of those with no documentation of immunization, 31% had protective levels
(Table 2). There was no difference in the proportion protected for those with one dose of
vaccine (71%) compared to those with >2 doses (91%) (p = 0.29) (Table 3). Mumps
immunity increased with age in children without documentation of mumps vaccine (p <
0.0001) (Fig. 1). In children =5 years of age, 82% of children with and without
documentation of immunization had evidence of immunity. Two children had a history of
mumps disease and both were immune. When we excluded these children from the analyses,
the results did not change.

3.2.8. Rubella—Rubella-containing vaccine was documented for 38% of the 305 children

with rubella antibody testing (Appendix 5). Overall, 54% were immune; of those without
rubella vaccine documentation, 30% had protective levels (Table 2). There was no
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difference in the proportion protected with one (94%) versus two doses of vaccine (100%)
(p = 1.0) (Table 2). Immunity increased with increasing age in children without
documentation of rubella vaccine (p < 0.0001) (Fig. 1). In children >5 years of age, 67% of
those without documentation of rubella vaccine were immune compared to 100% of those
with rubella immunization. Four children had a history of rubella disease, and two of them
had evidence of immunity. Excluding these children from the analyses did not change the
results.

3.2.9. Varicella—Only 5% of children had documentation of varicella vaccine; 67% of
those vaccinated were from Guatemala. The proportion of children with immunity was
comparable in those with (38%) and without documentation (33%) (Table 2). A history of
varicella disease was significantly associated with immunity (p < 0.0001). In 72 children
with a history of varicella disease, 83% had protective levels. Varicella protection increased
with age in children without a history of disease (p < 0.0001), but not in children with a
history of disease (p = 0.77) (Fig. 2). A history of varicella was 83% sensitive and 78%
specific for having protective antibody. While the sensitivity was similar across age groups,
there was a significant decline in specificity with increasing age (94% in 12—23 month olds
down to 41% in children 260 months, (p < 0.0001).

4. Discussion

This large comprehensive study with country-specific data examined protective antibody
levels to vaccine antigens to determine whether internationally adopted children had
serologic evidence of protection against vaccine preventable diseases and to determine if
documentation of immunization was associated with protective antibody levels. Table 4
summarizes previously published studies examining immunization verification in
internationally adopted children (5-15). The countries evaluated, ages of children studied
and laboratory methods used may account for some of the differences seen between studies.
Some studies presented data for children with >3 doses, without indicating how many
additional doses were given [5-7,9,11,12]. In order to make direct comparisons with the
existing literature, we have presented our data by the specific number of doses as well as by
>3 doses of vaccine for diphtheria, tetanus, polio, and HBV and =1 dose for measles,
mumps, rubella, and varicella.

For diphtheria, the Verla-Tebit [12] study found a higher proportion of children (from
Russia, China, & Guatemala) with >3 doses of vaccine to be protected (95%) compared to
85% in our study. For tetanus, they reported a lower proportion protected (87%) compared
to ours (95%) which may be due to the different definitions of protection that were used
(>0.50 1U/mL compared to ours >0.10 IU/mL). Similar to our data, two previous studies
[11,12] detected an increase in protective antibody with additional number of doses for
diphtheria and tetanus.

There were major differences in our polio results compared to other published studies. We
found high levels of the proportion protected overall (90%) and by each serotype (93-95%)
using a definition of protection of >1:8. The overall proportion protected ranged from 50%
to 86% in other studies [6,7,9-13]. When we analyzed our data using a titer of >1:32 to
compare to the Verla-Tebit study [12] which used >1:40, we still had higher levels of overall
protection (84%) and to serotypes 1-3 (87%, 93%, and 90%, respectively) compared to their
study which had 58%, 82% and 52% with protective antibody for serotypes 1-3,
respectively. One possible explanation for the lower immunity in other studies is that
complement fixation testing may have been inadvertently performed in some studies. This
may have occurred without the knowledge of investigators since most commercial
laboratories offer both tests.
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The results of HBV testing are difficult to compare to other studies since many did not
provide dose-specific data. For children with >3 doses of vaccine, we found the proportion
protected in our study was slightly higher (77%) compared to Saiman (69%) [15]. Without
regard to number of doses, our population had lower rates of protection (60%) compared to
the children in the Cilleruelo study (76%) that took place during similar time periods as ours
[11]. In the Verla-Tebit study, 94% of children with >2 doses of vaccine were protected
[12]. One explanation may be that many children in that study may have had 3 or more
doses of vaccine. While it is not entirely clear why our study and others have reported a
lower than expected proportion of children with protective antibody compared to vaccine
trials, one explanation may be due to waning immunity as evidenced by the difference we
saw in children with longer intervals from the last vaccine dose to testing and boosting seen
in those children who received an additional dose and repeat testing. Also in our study, we
found no association with lack of protection and receipt of the third dose prior to 6 months
of age.

To our knowledge, our study provides the first data on Hib antibody in internationally
adopted children. While there is controversy over the serologic value that should be used as
a cut-off to define protection, we included this vaccine antigen in our study to better
understand whether internationally adopted children had adequate levels of protection. Only
24% of children evaluated had documentation of Hib vaccination. Using the two different
proposed definitions of protection (=1.0 and >0.15 1U/mL), 66% and 74% of children with 3
doses had protection, respectively while 20% and 43% without documentation had
protection. The reason for a lower than expected level of protection with three doses could
not be determined in our study, however studies have shown that children with different
ethnic backgrounds, such as Native Americans may have a decreased immune response to
Hib vaccine [27]. Given a large proportion of children immunized with Hib were
Guatemalan children, this may have played a role in the decreased immune response. In
children =5 years of age with no history of immunization, 85% had evidence of Hib
protection using the >0.15 value. Currently, it is not recommended that children >5 years of
age be vaccinated, since it is assumed most children are immune and there is widespread
vaccination in the US [2,3]. However, with recent outbreaks in the US, children without
documentation of Hib immunization or immunity may benefit from receiving one dose of
Hib vaccine upon arrival to the US [36].

In our study, most children had documentation of measles immunization, and in contrast to
other studies, we found that the majority of children with one or two doses of vaccine were
protected [6,9-12]. In addition, measles protection increased with age regardless of vaccine
history, suggesting that many children had prior infection with wild-type measles or had
undocumented immunizations. Thus, the higher protection seen in our study could be due to
age differences between the study populations or in other studies, the inclusion of children
tested <12 months of age. Even though only a small proportion of children had
documentation of mumps or rubella vaccine, many children had evidence of immunity and
even in those with documentation, immunity increased with age.

Very few children had documentation of varicella immunization. Even in those who did, few
had evidence of immunity. The lack of protective antibody may be due to problems with
difficulty in maintaining cold chain vaccine storage. A history of varicella disease was
associated with protective antibody, and that protection increased with age.

Some limitations should be considered in interpreting our findings. While our study had a
large sample size, there were still small numbers for many countries and regions. In
addition, in recent years the demographics of international adoption have changed with more
children adopted from Ethiopia and other African countries. It will be important for future
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studies to assess whether children from countries not included in large numbers in our study
have similar findings. We also could not determine whether protective levels of antibody
were due to immunization, infection with wild-type disease or boosting from natural disease.
Also, for polio, children with protective antibody, regardless of immunization
documentation, could have been infected or boosted their immune response with vaccine-
type polio virus exposure.

Our study found serology to be a useful tool for verifying a child’s protection against
vaccine-preventable diseases. In our population of internationally adopted children, the
proportion of children with protective antibody in our study was fairly comparable to
expected protective antibody levels after a primary series for tetanus [20] (96% versus
100%) and polio [22] (91% versus 100%) and after one dose of measles [30] (94% versus
95%) and rubella [37] (94% versus >90%) vaccines. Children in our study had slightly lower
levels of protection compared to expected levels with a primary series for diphtheria [17]
(87% versus 96%), hepatitis B [25] (77% versus 95%) and one dose of mumps [32] (77%
versus >95%). Protective antibody levels were much lower than expected for a primary
series of Hib vaccine [27] (67% versus >95%) and one dose of varicella vaccine [35] (38%
versus >95%). There are several reasons why lower than expected levels of protection were
seen in our study. These expected levels of protection result from vaccine trials, under ideal,
controlled conditions with a specific interval for testing from the last documented dose of
vaccine. Antibody levels in these conditions would be optimal, and it would be expected that
in field conditions the antibody levels would be somewhat lower. For varicella, the most
likely explanation for the very low levels of protection is due to the inability to keep the
vaccine at the appropriate temperature [35].

Administering unnecessary vaccines to internationally adopted children increases the
number of visits and may negatively impact the transition for these children [38]. Since
screening tests are recommended for all internationally adopted children, serologic testing
for vaccine antibodies can be performed at the initial visit to guide immunization decisions
for those without a complete immunization record. However, given the high proportion of
protective antibody levels in children with documentation of immunizations, a reasonable
approach would be to consider birth country vaccine doses to be valid, similar to the
recommendations for other immigrants [2—4] and to complete the series as appropriate for
the child’s age. If serologic testing is done and protective antibody levels are found for
diphtheria, tetanus, polio, Hib or HBV, children should still complete the immunization
series for that vaccine according to their age if additional doses of vaccine are
recommended. Given the high proportion of protection in children without vaccine
documentation, serologic testing to verify immunity should be done to determine which
immunizations, if any, are needed. Additional studies to examine the cost-effectiveness of
different strategies for immunization decisions in internationally adopted children should be
considered while taking into account the medical and psychological affects of administering
unnecessary immunizations.

5. Conclusions

In our study, the vast majority of internationally adopted children had serological evidence
of protective antibodies to most vaccine antigens. Our country-specific data indicate that in
children with immunization documentation, most had protective antibody levels. Therefore
neither re-immunization nor serologic testing is needed, the record can be accepted as valid
and the immunization series should be completed as appropriate for the child’s age. Our
study results provide additional data for evidence-based guidelines for immunization policy
makers.
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BPFFT

Fig. 1.
Proportion of children with protective antibody by age to measles, mumps and rubella in
unvaccinated and vaccinated children.
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Fig. 2.
Proportion of children with protective antibody to varicella by varicella disease history and
age.
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