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a b s t r a c t

It is of paramount importance to know the vaccination status in internationally adopted children, so that
they can be correctly immunized. This study ascertains the seroprotection rate for vaccine-preventable
diseases and the validity of the immunization cards in 637 adopted children. The absence of the immuniza-
tion card (13% of children) correlated with a poor global vaccine protection. Children with immunization
eywords:
nternational adoption
mmune protection
accine serology

records (87%) had a better global seroprotection but the information obtained from the card did not
accurately predict seroprotection for each particular antigen. The best variable to predict the status of
seroprotection was the country of origin. The highest rate of protection was found in children from East-
ern Europe and, in descending order, India, Latin America, China and Africa. General recommendations for
immunization of internationally adopted children are difficult to establish. Actions for vaccination have
to be mainly implemented on the basis of the existence of the immunization card and of the country of
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origin.

. Introduction

During the last decade the number of internationally adopted
hildren has been continuously increasing [1,2]. According to the
ata of the Spanish Department of Social Services, more than
0,000 foreign children have been adopted in Spain over the last
0 years making Spain the second country in absolute numbers
f international adoptions, only preceded by the USA. Informa-
ion on these children is limited and it is difficult to ascertain
heir medical problems [3,4]. In their initial assessment, one of
he main concerns is their immunization status. A significant num-
er of adopted children arrive with vaccination documents [2–6],
nd a major issue is to determine whether they have developed
dequate protection against the diseases for which they have sup-
osedly been vaccinated. There have been few published studies

bout the immunization status of internationally adopted chil-
ren [7–12], and it is difficult to generalize about the results,
ainly because of the low number of children from each of

he different countries. Moreover, the lack of common criteria
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or assessing the validity of vaccine documentation, differences
n laboratory techniques and the cut-off values used to eval-
ate serological immune response, have further contributed to
onfound and complicate the situation. Because of the absence
f predictive factors for immune vaccine protection, the com-
on final conclusion in all these reports has emphasized the

dvisability of performing serological studies of vaccine protec-
ion for all internationally adopted children in order to ensure
roper immunization, at least until there are more exhaustive stud-

es.
In relation to vaccination documents, the American Academy

f Paediatrics (AAP) [13] has established the essential conditions
or considering these records as valid, and previous articles report
ariable percentages of valid documentation according to these cri-
eria [12,14–16], even taking into account the differences between
he validity and the adequacy of the records.

The main objective of this study was to determine the rate
f serological protection against immune-preventable diseases
poliovirus 1, 2, 3, tetanus, diphtheria, measles, mumps, rubella and

epatitis B) for a large number of internationally adopted children.
he second objective was to relate the results to independent vari-
bles: country of origin, age, type and timing of previous setting,
ype of vaccine and vaccination data referred to in the vaccine doc-
mentation. The clinical, nutritional and immunological statuses

http://www.sciencedirect.com/science/journal/0264410X
mailto:mcilleruelo.hciii@salud.madrid.org
dx.doi.org/10.1016/j.vaccine.2008.08.029
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ere also studied for all of the children to verify their possible
nterference with vaccine protection.

. Patients and methods

This is a cross-sectional study of children carried out from
pril 2002 to December 2005. Setting: The International Adoption
linic at the Carlos III Hospital in Madrid (Spain), a National Refer-
nce Clinic for the evaluation of adopted children. In this centre, a
ree health assessment is carried out in adopted children who are
oluntarily taken there by their adoptive parents, such as it is rec-
mmended by the Collaborator Agencies for International Adoption
n Spain. Adopted children who had received any doses of vaccine
fter arriving in Spain and before their first attendance at our clinic
ere not included in the study. Informed consent to participate in

he study was requested from the parents and the protocol was
pproved by the Hospital’s Committee of Ethics.

Demographic data were collected for all of the children, includ-
ng country of origin, date of birth, age at adoption and at
rst medical evaluation, the setting where the child lived before
doption and the period of time of institutionalization. For method-
logical reasons, and according to the internal concordance of the
ata, we grouped the origin of the children as follows: China,

ndia, Nepal, Eastern Europe, Latin-America (excluding Haiti), Haiti,
frica (excluding Ethiopia), and Ethiopia. Data from preadoptive

mmunization records were also collected: the type and number
f vaccine doses received, date of administration, interval among
oses, general characteristics of the records and if the number of
oses was up-to-date for age. Definitions of “doses updated accord-

ng to the age” were the following: children from 6 months to 12
onths: 3 doses of each DTP, OPV and hepatitis B; children from

2 months to 24 months: 4 doses of each DTP and OPV, 3 doses
f hepatitis B, and 1 dose of MMR; children older than 24 months:
doses of DTP, 4 doses of OPV, 3 doses of hepatitis B, 2 doses of
MR. According to the criteria set by the AAP [13] and confirmed

y the Advisory Committee on Immunization Practice (ACIP) [17]
o assess the validity of vaccine documentation, a vaccine record
as considered valid when it included the type of vaccine and
ate of administration, with the signature or seal of the vaccine
rovider; all of the records which did not meet these standards
ere considered as non-valid.

Routine evaluation of the children included a complete medical
istory, a physical examination and a nutritional index (McLaren’s

ndex [18]). Laboratory testing for all of the children followed the
sually recommended guidelines [2,4,6,13,19], including tests for
IV, hepatitis B (HB), hepatitis C, tuberculin skin test, intesti-
al parasites. Immunological status was evaluated by means
f immunoglobulins and CD4 lymphocyte subsets. Tests were
erformed by standard methods in the laboratory of the Hospi-
al.

Specifically for this study, all the samples were tested for
accine-preventable diseases: antibodies for poliovirus 1, 2, 3,
gG for measles, mumps and rubella viruses, as well as for diph-
heria and tetanus toxoids, and HB surface antibody (HBs-Ab).
he time elapsed since the children arrived in Spain until they
ere serologically tested was 16 days [CI95% 14.34–17.75] (S.D.

1.9 days). The assay for polioviruses was an in-house neutral-
zation assay, using as antigen 100 TCD50 (50% tissue culture
nfectious dose) of each one of the virus and Hep2 Cincinnati
train. This assay has been validated in a National Seropreva-

ence Survey carried out in Spanish population [20]. The assays
or diphtheria and tetanus toxoids specific IgG were enzyme
mmunoassay (ELISA) from commercial source (Virion-Serion, Ger-

any); samples were tested diluted 1:100. Measurement of IgG for
easles, mumps and rubella viruses was performed by indirect

b
(
5
m
(
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nzyme-linked immunoabsorbent assay (ELISA) from commer-
ial source (Enzygnost-Siemens, Germany); samples were tested
iluted 1:231, as recommended by the manufacturer. The detec-
ion of HBs-Ab was made by ELISA (Abbot-Axsym). According to
he international criteria [21–24], the following titres of antibodies
ere considered to be protective: poliovirus 1, 2 and 3: 1:2; IgG

ntibodies for diphtheria: >0.1 IU/mL; IgG antibodies for tetanus:
0.1 IU/mL; IgG antibodies for measles: >150 mIU/mL; IgG antibod-
es for mumps >1:231; IgG antibodies for rubella >4 IU/mL; hepatitis

surface antigen >10 IU/L.

. Statistical analysis

The dependent variable was the existence of serological pro-
ective titres. We performed univariate and multivariate (log R)
nalysis with SPSS 13.0. Statistical significance was assumed for
alues of p < 0.05. Bivariate analysis was tested using Pearson’s
2 or Fisher’s exact tests or Student’s T-test. Kappa statistics was
sed to assess the agreement between card information, antigen
y antigen, and serologic results. Unconditional logistic regression
nalysis was used in order to include diverse co-variables associ-
ted with the dependent variable, thus making the autocorrelation
ore accurate and controlling any possibly confounding factors. A

ignificance level of p < 0.20 was considered to include and exclude
ariables in the final multivariate model [25].

Serological protective titres were studied in the whole popu-
ation of children, and in populations stratified for age (children
ounger than 12 months and children 12 months or older).

. Results

.1. Demographic characteristics

A total of 637 internationally adopted children were studied,
6% females [CI95% 72.8–79.5]. The mean age at adoption was 27.52
onths [CI95% 25.65–29.38], with a range of 5–142 months; 240

hildren (37.7%) were younger than 15 months of age. Except for
hildren from China, who had a median age of 14.09 months (S.D.
4.63 months), the age of the children was not significantly dif-

erent according to the country of origin. The origin and main
haracteristics of the children are shown in Table 1. The most
requent countries of origin were China (46%), followed by India
21%) and Russia (11%). Most of the children, 89% [CI95% 86.7–91.6],
ad been in orphanages before adoption. The mean age at insti-
utionalization was 8 months [CI95% 6.68–9.40], ranging from 0 to
06 months. The mean time of setting in an institution was 19.48
onths [CI95% 18.36–20.59], with a range of 1–140 months.

.2. Immunization records

In accordance with the standards of AAP [13] and ACIP [17],
66 records (73.2%) [CI95% 69.5–76.6] were considered valid, 86
13.5%) [CI95% 10.9–16.4] non-valid and 85 children (13.3%) [CI95%
0.8–16.2] had no vaccine documentation. These figures var-
ed depending on the areas of origin (Table 2). In most of the
hildren (80 out of 86) with non-valid records, the reason for
on-validity was the absence of signature or seal of the vaccine
rovider.

According to the preadoptive immunization records, the num-

er of children updated with OPV (oral poliovirus vaccine) was 511
80.2%) [CI95% 76.9–83.2], for DTP (diphtheria–tetanus–pertussis)
10 (80%) [CI95% 76.7–83.1], for HB 429 (67.4%) [CI95% 63.6–70.9],
onovalent for measles 327 (51.3%) [CI95% 47.4–55.3], for MMR

measles–mumps–rubella) 116 (18.2%) [CI95% 15.3–21.4], and for
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Table 1
Demographic characteristics of the children (n = 637)

Area of origin Countries No. and (%) by country No. (%) by
area [CI95%]

No. (%) setting
in orphanage

Median time of
setting (months)

No. (%) of
malnourished
(NI ≤ 89%)

Asia
China 291 (45.68)

439 (69.1) [65.3–72.5]
244 (83.8) 13 208 (71.5)

India 132 (20.72) 132 (100) 24 116 (87.9)
Nepal 16 (2.51) 16 (100) 9 8 (50)

Eastern Europe

Russia 71 (11.15)

113 (17.8) [14.8–20.7] 110 (97.3) 22 95 (84)
Ukraine 31 (4.87)
Bulgaria 8 (1.26)
Rumania 2 (0.31)
Hungary 1 (0.16)

Latin America

Colombia 19 (2.98)

53 (8.3) [6.3–10.7] 38 (71.7) 17 36 (68)

Bolivia 16 (2.51)
Haiti 6 (0.94)
Mexico 4 (0.63)
Ecuador 2 (0.31)
Peru 2 (0.31)
Brazil 1 (0.16)
El Salvador 1 (0.16)
Honduras 1 (0.16)
Panama 1 (0.16)

Africa

Ethiopia 24 (3.77)

32 (4.8) [3.5–7] 30 (93.7) 9 23 (72)

Mozambique 3 (0.47)
Morocco 2 (0.31)
Burkina-Faso 1 (0.16)
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variables: bivariate and multivariate analysis (Table 4)
Ghana 1 (0.16)
Madagascar 1 (0.16)

o. = number of children; % = percentage of children; NI = McLarenı̌s nutritional inde

CG vaccine 507 (79.6%) [CI95% 76.2–82.7]. There was a perceptible
CG scar in 520 children (81.6%).

.3. Nutritional and immunological status

McLaren’s nutritional index (NI) was calculated for all of the
hildren: 151 (23.7%) had a normal nutritional status (NI ≥ 90%),
82 (60%) were considered as suffering moderate malnutrition (NI
0–89%) and 16% were severely malnourished (NI ≤ 69%).

Serum immunoglobulins and lymphocyte subsets were deter-
ined to evaluate immunological status. The result of IgG was

ormal in 81%, of IgM in 86%, and IgA in 92%; 93% had normal val-
es of CD4. For all of the children with abnormal results, the next
heck-up showed normalization of the parameters.

.4. Vaccine serology (Table 3)

The results of vaccine serology showed protective antibody titres

f 89% for poliovirus 1, 96% for poliovirus 2 and 90% for poliovirus 3.
ighty-six percent of the children were fully protected against the
hree polioviruses. For 16 children (2.5%), the serology was negative
or poliovirus 1, 2 and 3, despite the fact that 7 of them had valid
accine records with updated doses of poliovirus vaccine; 12 out

able 2
haracteristics of vaccine records related to areas of origin

rigin Validity of vaccine records no. and (%)

Valid Non-valid No record

hina (n = 291) 247 (84.9%) 31 (10.7%) 13 (4.4%)
ndia (n = 132) 82 (62.1%) 31 (23.5%) 19 (14.4%)
epal (n = 16) 2 (12.5%) 1 (6.3%) 13 (81.2%)
ast Europe (n = 113) 93 (82.3%) 12 (10.6%) 8 (7.1%)
aiti (n = 6) 0 (0%) 1 (16.7%) 5 (83.3%)
atin America (n = 47) 34 (72.3%) 8 (17.1%) 5 (10.6%)
thiopia (n = 24) 1 (4.2%) 2 (8.4%) 21 (87.4%)
frica (n = 8) 7 (87.5%) 0 (0%) 1 (12.5%)

4
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f 16 came from China. For tetanus, 92% of the children showed
rotective titres and 76% for diphtheria. In the case of MMR, 79%
f the children had positive antibodies for measles, 30% for mumps
nd 38% for rubella. There were no significant differences in the rate
f protective antibody titres in children younger than 12 months
f age and those 12 months or older, except for measles, mumps
nd rubella with higher rates of protection in children 12 or more
onths old.
We obtained HB serology in all of the children, but 35 of them not

nly had HB surface antibodies but also HB core antibodies. In these
ases, we could not ascertain if the presence of HBs-Ab was related
o vaccine or to natural infection, so, to avoid bias, we decided to
xclude this subgroup from the analysis of HB-vaccine protection.
n the remaining 602 children, 457 (76%) were fully protected.

.5. Relationship between vaccine serology and independent
.5.1. Country of origin
There was a significant statistical difference in vaccine protec-

ion for all of the studied antigens depending on the geographic

able 3
esults of vaccine serology

% of protected children [CI95%]

oliovirus 1 89 [86.1–91.1]
oliovirus 2 96 [94.5–97.7]
oliovirus 3 90 [87.6–92.4]
etanus 92 [89.5–94.1]
iphtheria 76 [72.3–79.2]
easles 79 [75.6–82.0]
umps 30 [26.1–33.2]

ubella 38 [34.1–41.6]
epatitis B 76 [72.5–79.3]

ut-off titres considered to be protective: poliovirus >1: 2; tetanus and diphthe-
ia >0.1 IU/mL; measles >150 mIU/mL; mumps >1: 231; rubella >4 IU/mL; hepatitis
> 10 IU/L.
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one of origin (p < 0.001). This significance was obtained both by
ivariate and multivariate analysis. In fact, multivariate analysis
howed that the only independent factor associated with sero-
ogical protection against all of the vaccine antigens was the area
f origin of the children: children coming from Eastern Europe
howed the best rates of protection, followed by India, Latin-
merica (except Haiti), China, Nepal, Africa and Haiti (Table 5).

.5.2. Type of setting previous to adoption
There was no relationship found between type of setting

orphanage/foster care) and serological protection (p > 0.05) neither
y univariate nor multivariate analysis.

.5.3. Age at adoption and period of time institutionalized
In univariate analysis, children adequately protected against

oliovirus, measles, mumps and rubella were significantly
p < 0.001) older than those not protected. For the remaining anti-
ens, the protected children were younger than the non-protected
nes. The time of institutionalization had been longer for the pro-
ected children, with statistical significance (p < 0.05) in the cases
f polio 1, polio 3, measles, mumps and rubella. In multivariate
nalysis, the difference was found only for measles and rubella.

.5.4. Immunization records
Seroprotection rates were significantly lower in children with-

ut immunization cards than in those who had vaccine records,
pecially for tetanus (p 0.001), diphtheria (p 0.004) and hepatitis
(p < 0.001). For the rest of the antigens, differences were not so

vident, but in all of the cases the protection rate was better in
hose with vaccine cards. In children with immunization records,
here was a poor agreement between the number of doses for each
ntigen (completeness for age) recorded in the immunization card
nd serological results (� statistics approached 0.0 for all antigens
xcept for mumps, rubella, and hepatitis B that were 0.411, 0.461,
nd 0.452, respectively). However, in relation to all of the anti-
ens excepting poliovirus, children whose immunization records
eferred to the number of doses being up-to-date for their age were
etter protected (p < 0.05) than those for whom they did not. In
ultivariate analysis, these differences only remained for measles,
umps, rubella and HB.

.5.5. Validity of immunization records
In multivariate analysis there were no statistical differences

except for poliovirus 1 and 2 and HB) in the serological protec-
ion of the children whose immunization records were considered
alid according to the AAP [13] and those whose records were not
alid or did not have any immunization record.

.5.6. Nutritional and immunological status
There were not any differences in the vaccine protection of the

hildren due to either their nutritional status (p > 0.05) or the results
f the immunoglobulin and CD4 subsets.

. Discussion

The continuing increase of international adoption is a new
hallenge for paediatricians. One of the main issues in the initial
ssessment of these children is their immunization status. We have
resented the results of vaccine serology obtained in 637 inter-

ationally adopted children. We consider that the immunization
tatus in these children represents the general immunization sta-
us of all the adopted children in Spain. Our hospital depends on the
panish Health Public Services and the check-up in adopted chil-
ren is offered cost free. Moreover, adoptive families in Spain are Ta
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ostly middle class families and they are informed by the Collab-
rator Agencies for International Adoption about the importance
f ruling out any health problems and of assessing the immuniza-
ion status in adopted children as soon as they arrive in Spain. For
his reasons we think that in the adoptive families of the children
ncluded in our study there were no socioeconomic restrictions
hat could have constituted a selection bias. Our study shows a
igh rate of seroprotection for most immune-preventable diseases

n adopted children—89%: poliovirus 1; 96%: poliovirus 2; 90%:
oliovirus 3; 92%: tetanus; 76%: diphtheria; 79%: measles; 76%: HB.
owever, the rate of seroprotection for mumps (30%) and rubella

38%) were much lower.
There have been very few reports published about the vaccine

rotection levels of children adopted from abroad [7–12], and they
ave had conflicting results. In the studies carried out between 1998
nd 2001 [7–11], the rate of immune protection for polioviruses
aried between 58% and 94%, and against tetanus and diphtheria
etween 38% and 94%. In a report published in 2006, Viviano et
l. [12] found protection against poliovirus 1 in 82.8% of the cases,
oliovirus 2 in 98.6%, poliovirus 3 in 62.8%, tetanus in 91.4% and
iphtheria in 95.7%. In the case of MMR, the only data reported
as by Miller et al. [10] and Viviano et al. [12]; Miller found protec-

ion against measles—90%, mumps—66% and rubella—79%; Viviano
eported positive antibodies of 61%—measles, 51%—mumps and
6%—rubella. The HB percentages of protection were around 65%

n all of the studies. In these reports, none of the authors found a
elationship between vaccine protection and variables such as the
ountry of origin, age, nutritional status or the setting where chil-
ren had been before adoption. All these authors concluded that

nternationally adopted children should be tested for levels of anti-
odies against immune-preventable diseases, regardless of their
accine records, at least until there were more exhaustive studies.

An intriguing finding in our study is that the percentage of
hildren adequately protected against diphtheria has always been
ower than the percent protected against tetanus, in spite of the fact
hat both vaccines are delivered together. Discrepancy between the
ate of antibodies against tetanus and diphtheria has been shown
n adult populations. In most of these studies the protection rate
or diphtheria is lower than for tetanus, these discrepancies being
ttributed to booster doses of tetanus toxoid recommended in some
dult vaccination schedules [20,26,27]. These findings, however,
ave not been confirmed in children although a study carried out

n Thailand has demonstrated that, 7 years after the vaccination,
he percentage of children seroprotected against diphtheria is 9%
ower than against tetanus [28].

The difference between previously published data and our study
s more evident if we analyze the periods of time of arrival of the
hildren: the vaccine protection levels of children who arrived in
he 1990s were lower than those of children who have arrived after
000. One possible explanation is that there has been an improve-
ent in both financial resources and vaccine policy during the last

ew years in the orphanages. Another reason may be the differ-
nt laboratory tests used. It is also important to bear in mind that
ost of the published articles investigated vaccine serology exclu-

ively in those children who had supposedly received ≥3 doses of
ach vaccine. However, we performed serological tests for vaccine-
reventable diseases on all of the children involved, regardless of
heir vaccine records. So, we also included children with ≤2 doses
nd children who did not have any vaccine record and who could
ot have received any vaccine doses. Even with these considera-

ions, our results show a higher rate of protection than previously
eported.

In this study, we have analyzed different variables which could
e related with vaccine protection, trying to identify the possible
xistence of some clearly predictive factor for immune protection in

t
v
s
5
e
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his group of children. After bivariate and multivariate analysis, we
ave been able to conclude that, in our study, the only independent

actor associated with vaccine protection against all of the antigens
as been the country of origin. In fact, the main result of this study is
hat the country of origin can predict vaccine immune-protection in
nternationally adopted children. The best global protection, similar
o Spanish children [20,29] (except for MMR), was found in children
oming from Eastern Europe. Then, in descending order, there fol-
owed: India, Latin-America, and China. Low protection rates were
ound in children coming from Africa, Nepal and Haiti.

The results of protection against the antigens of MMR were
f particular interest. The high percentage of children susceptible
o mumps (70%) and rubella (62%), and also a considerably high
ercentage to measles (21%), could be very important in the devel-
pment of outbreaks of these diseases due to the addition of such
opulations to other non-immune groups. In fact, during recent
ears, outbreaks of measles, mumps and rubella have been reported
n Spain [30,31] and in other countries [32,33], mainly with patients
rom abroad.

With regard to vaccine records, comparing those that we studied
ith those of previous reports [12,15,16], we find a very high propor-

ion of children with vaccine documentation, valid documents of
accination, and completeness and correctness of schedule: 86.7%
f the children arrived with vaccine documentation and of these,
3.2% were considered as valid according to the criteria of the AAP
13] and the ACIP [17], and 13.5% were non-valid, mainly because
f the lack of signature or seal of the vaccine provider. These fig-
res varied depending on the area of origin; most of the children
oming from Eastern Europe, China, India and Latin-America had
alid vaccine records. We did not find differences in the validity of
accine records between children from orphanages and those from
oster care, as was also the case with other authors [10,12,15,16].

An important fact is how the immunization records should influ-
nce the immunization policy. Ours results show that adopted
hildren who do not have card immunization have a high risk
f being susceptible to immune-preventable diseases and conse-
uently they should receive a complete immunization schedule
ccording to their age (Table 6). The existence of an immuniza-
ion card, no matter if it is considered valid or non-valid, implies

better global protection but do not allow to establish a priori
mmune protection against each vaccine antigen. In this setting,

e propose several different immunization actions or the adminis-
ration of booster doses (see “Final Recommendations”) depending
n the country of origin that, in turn, determines the rates of sero-
rotection for each antigen (Table 5). A substantial proportion of
ur children, independently of the country they come from, were
usceptible to measles, mumps and rubella. So, we recommend at
east a dose of MMR vaccine in all adopted children. For the rest of
accine antigens, the immunization of the children should be based
n other factors mainly the country of origin and the age of the child
Table 6). Finally, children from Africa, Haiti and Nepal, who have
ery low rates of seroprotection (Table 5) should be completely vac-
inated according to their age and the vaccination schedule of the
doptive country (Table 6).

From a practical point of view, we think that, with the only
xception of hepatitis B, laboratory tests to establish the status of
eroprotection for each antigen are not indicated. Some of these
ests are not routinely performed in most laboratories and they are
nlikely to be cost-effective.

Another interesting issue is that of the completion of vaccina-

ion in accordance with age. Our results show that, according to
accine records, 80% of the children had received the complete
eries of vaccines for polio, tetanus and diphtheria, 67% for HB,
0% for monovalent measles and only 18% for MMR, with differ-
nces among the countries of origin. These data are similar to those
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Table 6
Recommended immunization schedule

Area of origin Age Vaccines to be administered

Eastern Europe
<15 months –
>15 months 1 dose of MMR

India
<15 months 1 dose of DTPa
>15 months +1 dose of MMR

Latin America
<15 months 1 dose of DTPa and IPV
>15 months +1 dose of MMR

China
<15 months 1 dose of DTPa and IPV
>15 months +1 dose of MMR

Africa, Nepal and
H

<15 months Complete

M
l

o
r
t
m
w
c
a
r
e
p
s

6
a

(

(

aiti vaccination schedule>15 months

MR: measles–mumps–rubella vaccine; DTPa: diphtheria–tetanus–pertussis acel-
ular vaccine; IPV: inactivated poliovirus vaccine.

f Viviano et al. [12], but very different from the results of other
eports, which showed up-to-date vaccination for age in 9–28% of
he children [15,16]. It is important to consider that, in these studies,

onovalent measles vaccine administered before 12 months of age
as considered to be an invalid dose, the same as poliovirus vac-

ine received at birth. Anyway, the differences between the results
re quite apparent, and, although it is very difficult to ascertain the
easons for this, it is possible that they are related with the differ-
nt time periods of the studies. If this is the case, our results could
oint to an improvement in the administration of vaccines in the
ettings where the children stayed before their adoption.

. Final recommendations for the immunization of foreign
dopted children

1) Children without a vaccine record need to undergo a complete
schedule in accordance with their age and the general recom-
mendations on immunization from the adoptive country.

2) Children with vaccine records (valid or non-valid) (Table 6):
(a) Children coming from Eastern Europe: Vaccination schedule

should be continued according to their age and the sched-
ule of the adoptive country. All those children ≥15 months
should receive one dose of MMR vaccine. Serologic test-
ing for hepatitis B should be performed and susceptible
children should receive a complete series (three doses) of
hepatitis B vaccine.

(b) Children coming from India: They should receive one dose
of DTPa/DTPw vaccine. Vaccination schedule should be
continued according to their age and the schedule of the
adoptive country. All those children ≥15 months should
receive one dose of MMR vaccine. Serologic testing for
hepatitis B should be performed and susceptible children
should receive a complete series (three doses) of hepatitis
B vaccine.

(c) Children coming from Latin American and China: They should
receive one dose of IPV and DTPa/DTPw vaccine. All those
children ≥15 months should receive one dose of MMR vac-
cine. Vaccination schedule should be continued according
to their age. Serologic testing for hepatitis B should be per-
formed and susceptible children should receive a complete
series (three doses) of hepatitis B vaccine.

(d) Children from Africa, Nepal and Haiti: They should receive a
complete primary series of IPV and DTPa/DTPw vaccines. All

those children ≥15 months should receive one dose of MMR
vaccine. Vaccination schedule should be continued accord-
ing to their age. A complete three-dose series of hepatitis B
vaccine should be administered.
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This study has several limitations. First, the presence of
ntibodies against vaccine-preventable diseases in some of our
hildren could be due to maternal transference of antibod-
es more than the immunization, especially in relation with

easles–mumps–rubella. This effect would be more significant in
nfants younger than 15 months. Mean age of our patients was 27

onths, an age in which maternal antibodies have disappeared
rom infant’s serum. However, there were 240 children younger
han 15 months. In any case, our recommendation is to vaccinate
ith a dose of MMR to all children older than 15 months. Another
otential bias is that in some children the presence of antibodies
o measles, mumps and rubella could reflect a past infection by
ild virus more than vaccine induced immunity. This fact, how-

ver, would not affect the final recommendation about vaccination
administration of one dose of MMR vaccine to all adopted chil-
ren older than 15 months of age) since these patients would also
e protected.

In our opinion, the high number of patients from China, India,
nd Eastern Europe make our recommendations applicable for
dopted children from these countries. The validity of conclusions
bout some other countries may be questionable due to the low
umber of patients. However these cases should be taken into
ccount since they provide some useful information when deciding
ow to vaccinate them.
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