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| RESEARCH AND PRACTICE |

Health Profiles of Newly Arrived Refugee Children in the

United States, 2006—2012

| Katherine Yun, MD, MHS, Jasmine Matheson, MPH, Colleen Payton, MPH, Kevin C. Scott, MD, Barbara L. Stone, MSPH, Lihai Song, MS, William M.
Stauffer, MD, MSPH, Kailey Urban, MPH, Janine Young, MD, and Blain Mamo, MPH

Each year, approximately 35 000 children
enter the United States as refugees, defined as
immigrants who enter the United States
through the Department of State’s Refugee
Resettlement Program to receive protection
from persecution."* An additional 200 000 to
250 000 immigrant children receive lawful
permanent residency in the United States each
year, meaning that they are permitted to re-
main in the United States indefinitely.? Overall,
3.7% of children living in the United States
(including 7.7% of Latino children and 16.7%
of Asian children) were born overseas.’

Although immigrant children constitute an
important and growing sector of the US child
population, comprehensive guidelines for cli-
nicians caring for children new to the United
States are lacking. In part, this has been because
data on the health status of immigrant and
refugee children have been limited. With
a few exceptions, studies have been limited to
small samples of children and have not allowed
detailed analysis by age, gender, or country of
origin.**® Larger studies of refugees rapidly
become out of date as countries of origin
change 719

Despite these limitations, the Centers for
Disease Control and Prevention (CDC) has
used the best available data to develop
screening guidelines that are specific for refu-
gees and that have been implemented by many
state and local departments of public health, as
well as clinicians specializing in refugee health
services.”° These guidelines recommend
a minimum set of screening tests for infectious,
nutritional, and environmental health prob-
lems (e.g., tuberculosis [TB], anemia, and ele-
vated blood lead [EBL] levels). Some screening
tests (e.g., anemia) are recommended for all
children, whereas others (e.g., schistosomiasis)
are recommended only for children from re-
gions with endemic disease. Screening usually
takes place within 90 days (and preferably
within 30 days) of arrival in the United States
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Objectives. We conducted a large-scale study of newly arrived refugee
children in the United States with data from 2006 to 2012 domestic medical
examinations in 4 sites: Colorado; Minnesota; Philadelphia, Pennsylvania; and
Washington State.

Methods. Blood lead level, anemia, hepatitis B virus (HBV) infection, tubercu-
losis infection or disease, and Strongyloides seropositivity data were available
for 8148 refugee children (aged <19 years) from Bhutan, Burma, Democratic
Republic of Congo, Ethiopia, Irag, and Somalia.

Results. We identified distinct health profiles for each country of origin, as well
as for Burmese children who arrived in the United States from Thailand
compared with Burmese children who arrived from Malaysia. Hepatitis B was
more prevalent among male children than female children and among children
aged 5 years and older. The odds of HBV, tuberculosis, and Strongyloides
decreased over the study period.

Conclusions. Medical screening remains an important part of health care for
newly arrived refugee children in the United States, and disease risk varies by
population. (Am J Public Health. Published online ahead of print November 12,

as part of a domestic medical examination.
Lacking other recommendations, these guide-
lines have also been adopted by some clinicians
specializing in health care for other populations
of immigrant children in the United States.

We describe results from the first large-scale
study to our knowledge of newly arrived
refugee children in the United States by using
data from 2006 to 2012 domestic medical
examinations in 4 states. This study is impor-
tant because it demonstrates that it is feasible to
create a unified refugee health data set by using
public health data from multiple states and that
a data set of this type can be used to examine
the value of existing screening guidelines. In
addition, this analysis includes subgroup data
by age, gender, country of origin, and country
of departure that may be used to refine
population-specific screening guidelines for
immigrant children. Finally, it includes tests for
temporal trends to determine whether condi-
tions previously believed to be prevalent
among refugee children have become more
or less common over time.

2015: e1-e7. doi:10.2105/AJPH.2015.302873)

METHODS

This is a retrospective, observational study
with data from 4 sites that have implemented
CDC guidelines: Colorado Department of
Public Health and Environment’s Refugee
Health Program, Minnesota Department of
Health’s Refugee Health Program, Thomas
Jefferson University’s Department of Family
and Community Medicine (Philadelphia,
Pennsylvania), and Washington State Depart-
ment of Health’s Refugee Health Program.
After agreeing upon core data elements, each
site provided de-identified demographic and
domestic medical examination data for children
aged younger than 19 years who arrived in the
United States from January 1, 2006, through
December 31, 2012 (n=10 113). Because
different sites had implemented electronic data
collection at different times, 1 site provided
data for the full study period, 1 site for 2007 to
2012, 1 site for 2009 to 2012, and 1 site for
2012 only. We cleaned and linked data to
create a unified data set.
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We excluded children missing all outcomes
data (1.9%). We categorized the remaining
sample by country of origin (meaning the
country in which the child’s family originated
regardless of whether the child was born in
a different host state) and the study cohort was
limited to children from countries with at least
500 participants or children from the Demo-
cratic Republic of the Congo (DRC). We cate-
gorized children by country of origin rather
than host country because refugee children
often live within communities that may be
geographically or socially isolated. For exam-
ple, most Bhutanese refugee children were
born in refugee camps in Nepal but had limited
interactions with Nepali society; in the data set,
these children were categorized as Bhutanese.
The analysis focused on children from coun-
tries with more than 500 participants to allow
for subgroup analyses by age and gender. We
made an exception for the DRC because the
United States expects to resettle up to 50 000
Congolese refugees in the next 5 years and
additional information about this population is
timely and needed by the pediatric and public
health communities. The final analytic sample
included 8148 children from Bhutan, Burma,
DRC, Ethiopia, Iraq, and Somalia. Children
from Burma were then subcategorized as hav-
ing arrived in the United States from Thailand
(Burma—Thailand) or Malaysia (Burma—
Malaysia), as a previous study had identified
differences in nutritional status between these
2 populations.®!

Demographic data included age at the time
of arrival in the United States, gender, year of
arrival in the United States, country of origin,
country of departure (the country in which the
child was living before arrival in the United
States), and the interval between the day of
arrival in the United States and the domestic
medical examination.

Outcomes were limited to conditions rou-
tinely assessed and reported during the do-
mestic medical examination: blood lead level,
anemia, hepatitis B virus (HBV) infection, TB,
and Strongyloides. Elevated blood lead was
reported for children younger than 8 years
from 2008 to 2012 and defined as 5 or more
micrograms per deciliter per current CDC
guidelines. (For comparison with previous
work, results are also shown using the older
definition of 10 or more micrograms per
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deciliter.??) Anemia was defined by using age-
and gender-specific US norms for either he-
moglobin or hematocrit.>> Hepatitis B infection
was defined as HBV surface antigen—positive.
Tuberculosis was defined as either a Mantoux
tuberculin skin test (TST) greater than or
equal to 10 millimeters or a positive serum
interferon-y release assay (IGRA). Primary data
(e.g,, radiography) that would allow differenti-
ation between latent TB infection and active
TB disease were not available, but each state
database included a categorical variable for TB
diagnosis (latent infection, active disease, or
previously treated TB). Strongyloides infection
(defined as a positive test for serum Strong-
yloides stercoralis antibodies) was reported only
by 1 site and only from 2010 to 2012, when
widespread screening was implemented.

Because each site implemented screening
protocols for different outcomes at different
times, the number of children screened for
each outcome ranged from 2030 (Strongy-
loides) to 7935 (TB). Three sites reported
blood lead levels from 2008 to 2012, and of
children screened by these 3 sites, 4.7% had
missing values. Two sites reported hemoglobin
or hematocrit (2.5% missing). Three sites re-
ported HBV surface antigen (2.3% missing).
Four sites reported TST, IGRA, or both (2.6%
missing). We included Strongyloides serology
results because published data are limited.
Demographic characteristics of children with
and without missing values are included in
Table A (available as a supplement to the
online version of this article at http://www.
ajph.org). Children with missing lead, anemia,
and HBV results were younger than those with
nonmissing results.

We used 32 and Fischer exact tests to
compare outcomes by country of origin, age
group, and gender. To examine changes in
prevalence over time, we used logistic regres-
sion to describe the relationship between each
outcome and year of arrival in the United
States. We adjusted models for age, gender,
and country of origin. The TB model also
included test type (TST or IGRA) and anemia.
We included test type because differences
in the specificity of TST and IGRA have
previously been documented in foreign-born
populations from high-prevalence regions.**
We included anemia as a proxy for
malnutrition-related anergy, which may result

American Journal of Public Health |

in false-negative or indeterminate results for
both types of TB test.?® We did not include
receipt of the antituberculosis vaccine Bacillus
Calmette—Guérin (BCG) in the model, as these
data were not available. We did not include
data source (site) in the final models, as we did
not identify differences in outcomes by site
during exploratory analyses.

RESULTS

Eligible children with at least 1 nonmissing
screening value are described in Table 1.
Children from Burma—-Malaysia and Iraq were
somewhat more likely to be aged younger
than 5 years and children from Ethiopia and
Somalia were somewhat more likely to be older
than 10 years compared with children from
other countries. The majority of children from
Ethiopia and Somalia had arrived in the United
States before 2009, whereas most children
from Bhutan, Burma, DRC, and Iraq arrived in
the United States in 2009 or later. Language
data are not shown. However, children from
Bhutan predominantly spoke Nepali during the
domestic medical examination (99%). Children
from Burma-Thailand were more likely to
speak Karen and related dialects (89.9%).
Children from Burma—Malaysia predominantly
spoke Burmese (59.4%) or Chin (27.5%),

a language group from northwest Burma.
Children from the DRC, Ethiopia, and Somalia
predominantly spoke Kiswahili (76.4%),
Oromo (65.8%), and Somali (96.0%), respec-
tively. Countries of departure are shown in
Figure A (available as a supplement to the
online version of this article at http://www.
ajph.org); the major countries of departure for
each country of origin are shown in the Figure
B (available as a supplement to the online
version of this article at http://www.ajph.org).

Prevalence data by country of origin and age
are shown in Table 2. Among children from
Bhutan, blood lead levels of 10 or more
micrograms per deciliter were relatively un-
common (1.4%). However, 1 in 4 (26.8%)
children had EBL of 5 or more micrograms per
deciliter, and EBL was common among all age
groups. Anemia was also prevalent among all
age groups (10.7% overall) and among both
male and female children (10.3% and 11.2%,
respectively). Hepatitis B infection was un-
common (0.7%) and no children younger than

Published online ahead of print November 12, 2015
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TABLE 1—Demographic Description of Refugee Children Who Arrived in 4 US States From 2006 to 2012, by Country of Origin

Characteristic Bhutan Burma via Thailand Burma via Malaysia DRC Ethiopia Iraq Somalia

No. 1002 2437 298 212 605 716 2878
Female, % 46.2 49.8 45.3 50.5 47.9 47.2 48.4
Median age, y (IQR)? 10 (4, 14) 9 (4,13 6(2,12) 10 (5, 14) 13 (7, 16) 74, 12) 115 (7, 16)
Median screening interval, d (IQR) 48 (34, 71) 40 (26, 55) 55 (35, 84) 41 (32, 69) 44 (27, 60) 42 (26, 61) 43 (27, 62)
Year of arrival, %

2006-2008 2.2 24.4 0.0 2.8 62.0 6.0 57.0

2009-2010 43.7 319 42.3 62.3 17.0 48.2 20.1

2011-2012 54.1 43.7 57.7 34.9 21.0 45.8 23.0

®Age on the day of arrival in the United States.

5 years had HBV. Tuberculosis (16.1%) was
prevalent, although active disease was not
(0.1%). Strongyloides was moderately prevalent
(3.1%).

Among children from Burma via Thailand,
23.7% of children had EBL, although only
1.9% of children had blood lead levels of 10 or
more micrograms per deciliter. Lead levels of
10 or more micrograms per deciliter were most
common among children aged younger than 2
years (5%). Anemia was also prevalent (22.8%)
and was most common among children aged
younger than 5 years (35.1%). Anemia af-
fected 23.2% of male and 22.4% of female
children, with the highest prevalence among
children younger than 5 years (35.1%).
Hepatitis B infection was moderately preva-
lent (4.6%) and predominantly affected
children aged 5 years or older. One in 10
children had a positive test for TB (<1
in 1000 children had active disease) and
4.1% of evaluable children had a positive
Strongyloides serology.

Among children from Burma via Malaysia,
no children had a blood lead level of 10 or
more micrograms per deciliter. However,
10.5% of children had EBL of 5 or more
micrograms per deciliter. Only 5.5% of chil-
dren were anemic, and no children had HBV
infection. Tuberculosis was prevalent (17.9%),
although active disease was not (0.7%).
Strongyloides was moderately prevalent (2.5%),
although these results should be interpreted
cautiously as only 40 children had evaluable
data.

Published online ahead of print November 12, 2015 | American Journal of Public Health

Note. DRC = Democratic Republic of the Congo; IQR = interquartile range. The sample comprised 8148 children aged 0-18 years who arrived in participating states from 2006 to 2012 and who
contributed domestic medical examination screening data for at least 1 of the following: blood lead level, hepatitis B surface antigen, hemoglobin, hematocrit, interferon-y release assay, Mantoux
tuberculin skin test, or anti-Strongyloides stercoralis immunoglobulin G.

Because approximately equal numbers of
Burmese-speaking children arrived in the
United States via Thailand (n=208) and
Malaysia (n=177), we performed a subgroup
analysis of Burmese-speaking children to try
to examine the relative influence of departure
country and ethnic group (using language as
an imperfect proxy for ethnicity, as many
Burmese-speaking refugees belong to non-
Bamar ethnic minorities). An EBL of 5 or more
micrograms per deciliter was more prevalent
among Burmese-speaking children living in
Thailand (20.2%) than those living in Malaysia
(13.7%). Burmese-speaking children living in
Thailand also had higher rates of anemia
(10.7% vs 4.2%) and HBV infection (7.5% vs
0%). Tuberculosis was less common among
Burmese-speaking children living in Thailand
(10.0% vs 16.8%).

Among children from the DRC, blood lead
levels of 10 or more micrograms per deciliter
were somewhat prevalent (3.0%) and EBL of 5
or more micrograms per deciliter was common
(25.0%). Anemia was less prevalent than
among children from Bhutan and Burma—
Thailand, although it was still common
(14.4%). Anemia was equally common among
male and female children (13.9% and 14.9%,
respectively). Hepatitis B infection was moder-
ately prevalent (4.5%), as was TB (19.5%).
No children were diagnosed with active TB
disease. The prevalence of Strongyloides was
6.3% but should be interpreted with caution
because of the small number of children
(n=32) with evaluable data (data not shown).

The health profile for children from Ethiopia
was similar to that of children from the DRC,
with a few key differences: Fewer children
from Ethiopia had EBL (13.1%) and nearly 1
in 3 children had a positive TB test (31.1%).
The prevalence of active TB was 0.7%.

Among children from Iraq, 1.4% of children
had blood lead levels of 10 or more micro-
grams per deciliter but 19.9% had EBL of 5 or
more micrograms per deciliter. Anemia was
not highly prevalent (5.6%), no children
had HBV, and only 5.9% of children had
a positive TB test (none of whom had been
diagnosed with active TB). Iraqi children had
a relatively high rate of Strongyloides sero-
positivity (8.3%).

Among children from Somalia, 1.7% of
children had blood lead levels of 10 or more
micrograms per deciliter but 19.8% had EBL
of 5 or more micrograms per deciliter. Anemia
was common among both male and female
children (20.4% and 22.5%, respectively) and
was most prevalent among children aged
younger than 5 years. Hepatitis B infection was
moderately prevalent (3.6%), predominantly
among children aged 5 years or older. Tuber-
culosis was common (28.5%); active TB was
not (0.8%). Positive Strongyloides serology was
detected among 2.1% of evaluable children.

In the fully adjusted model, the odds of HBV
and TB were higher among male versus female
children (Table 3). The odds of anemia de-
ceased slightly with age (Figure C, available as
a supplement to the online version of this
article at http://www.ajph.org). The odds of
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HBYV infection and tuberculosis increased with
advancing age.

In both unadjusted and fully adjusted
models, the odds of HBV infection, TB, and
Strongyloides were lower among children who
arrived in the United States more recently
(Table 3).

The odds of TB were also lower among
children diagnosed with IGRA compared with
those diagnosed with TST (Table 3). For the
majority of the sample, the diagnosis of TB was
based either upon TST (n=5866) or IGRA
(n=1858); results for both tests were reported
for only 219 children. As shown in Table 4, the
overall prevalence of TST greater than or equal
to 10 millimeters (21.5%) was higher than
the prevalence of a positive IGRA (11.8%),

ed | Research and Practice | Peer Reviewed | Yun et al.

TABLE 2—Prevalence of Selected Conditions Among Refugee Children Who Arrived in 4 US
States From 2006 to 2012, by Age and Country of Origin
Burma via Burma via
Condition Bhutan Thailand Malaysia DRC Ethiopia Iraq Somalia
Elevated blood lead level, no. 358 844 134 64 99 281 485
>10 pg/d: 0to <8y, % 1.4 1.9 0.0 31 1.0 1.4 1.7
>5pug/dl: 0to <8y, % 26.8 23.7 10.5 25.0 131 19.9 19.8
>5 pg/dl: <2y, % 231 25.2 7.3 e e 8.9 10.6
25 pg/dl: 2to <5y, % 29.0 25.3 9.0 225 12.3 23.2 19.7
25 pg/dl: 5t0 <8y, % 232 19.4 S S S 19.1 255
Anemia, no. 858 2355 236 202 578 517 2751
0-18y, % 10.7 22.8 5.5 14.4 16.3 5.6 214
<5y, % 12.9 35.1 5.4 18.4 18.1 6.9 322
5t0<12y, % 9.1 211 26 16.2 14.3 4.2 19.8
212y, % 10.9 15.6 9.0 111 16.7 6.3 19.2
Hepatitis B surface antigen, no. 298 1952 64 44 511 308 2446
0-18y, % 0.7 4.6 0.0 45 5.3 0.0 3.6
<5y, % 0.0 0.6 ce e 3.6 0.0 11
25y, % 0.9 6.1 0.0 5.9 5.5 0.0 4.0
Tuberculosis, no. 973 2395 291 205 589 696 2786
0-18y, % 16.1 10.4 17.9 19.5 311 5.9 285
Strongyloides serology, no. 162 946 40 32 125 97 628
2010-2012, % 31 4.1 25 6.3 5.6 8.3 21
2010, % 6.2 8.7 13.0 12.2 49
2011-2012, % 1.0 1.5 13 4.2 0.5
Note. DRC = Democratic Republic of the Congo. The sample size was n =8148. The denominator for each cell equals the
number of children from that region, age, and gender who had a nonmissing test result. Results are not shown for cells where
n < 30. Lead level is reported only for children younger than 8 years and for the years 2008 to 2012, as missingness rises to
above an acceptable level among older children (> 15%) and before 2008 (> 20%). Anemia was defined as a hemoglobin or
hematocrit below the age- and gender-specific cutpoints established by the US Centers for Disease Control and Prevention
(Table 6, Yip et al.%%). Tuberculosis was defined as either a positive interferon-vy release assay or a Mantoux tuberculin skin
test > 10 mm as reported during the domestic medical examination. The prevalence of Strongyloides stercoralis antibodies is
reported for children from 2010 to 2012.

although the concordance between TST and
IGRA was relatively good for children from
a subset of countries (e.g., Bhutan). Even
when we excluded children aged 4 years or
younger (as these children are more likely
to have recently received the BCG vaccine),
the prevalence of TST greater than or
equal to 10 millimeters (25.2%) was higher
than the prevalence of a positive IGRA
(12.4%).

DISCUSSION

This is the first US study to our knowledge to
use multistate public health screening data
to describe the health profiles of refugee chil-
dren by country of origin, age, and gender.

This study demonstrates that such studies are
feasible and that these data can be used in

a relatively timely manner to inform ongoing
public health programs and policies.

Overall, these results support current CDC
recommendations to screen newly arrived ref-
ugee children for EBL, anemia, HBV infection,
TB, and Strongyloides. Population-specific
adjustments to these guidelines may also be
warranted. For example, universal HBV
screening may not be necessary for children
from regions where the prevalence of HBV
among children is comparable to that in the
United States (0.6%).2¢ However, the denom-
inator for this test was relatively small. Given
the morbidity and mortality associated with
HBYV infection, larger studies are recom-
mended before changing current practice. And
there is no doubt that universal screening
remains warranted for pregnant adolescents to
prevent the vertical transmission of infection.
Population-specific guidelines may also be
more difficult to implement without sophisti-
cated, population-specific decision-support
tools embedded in the electronic medical
record.?”

The health profile of children from Burma
via Thailand, who were predominantly Karen,
was substantially different from that of children
from Burma via Malaysia, suggesting that the
living environment before departure for the
United States plays a major role in determining
health risks. For example, most refugee children
living in Malaysia live in urban environments,
receive regular health care, and experience
relatively little food insecurity.?®2° By contrast,
most refugee children living in Thailand reside
in refugee camps in a rural, border region, where
they may have irregular access to preventive
health services, depend upon food packages
provided by nonprofit agencies, and may be
exposed to environmental risks unique to rural
areas (e.g, the use of lead-contaminated car
batteries as household electrical sources).°
Country of departure may be particularly im-
portant when one is assessing disease risk for
children, as many children are born in host
countries rather than their parents’ country of
origin. Ongoing US refugee health surveillance
efforts focusing upon new refugee groups should
be designed to allow the detection of differences
between children from different countries of
departure.

American Journal of Public Health | Published online ahead of print November 12, 2015
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The strong associations between HBV

infection, gender, and age bear further inves-
Tuberculosis prevalence estimates were

tigation. Before the advent of national HBV
vaccination programs, vertical transmission
fection was prevalent even among very young
with widespread early childhood HBV vacci-
nation or with an increased risk in horizontal
transmission in early adolescence. Male gen-
der is also an unexplained, although not
entirely unexpected, risk factor for HBV in-
fection in this cohort.>* Subsequent analyses
of this data set will examine trends in HBV
strongly influenced by test modality, consistent
with previous pediatric studies suggesting that
TST may be associated with higher rates of
false-positive diagnosis than IGRA.3® Under
current guidelines, both TST and IGRA

had been the major causes of HBV infection
of vaccination programs in the late 1990s and
infected young children, are consistent either

children.*=** Following the implementation
early 2000s, however, rates of infection in
young children have decreased.>® Results
from our study cohort, which has very few

and early childhood horizontal transmission
among children in Asia and Africa, and in-

exposure and vaccination status.

additional studies are clearly needed to defini-
tively identify the preferred test modality for
The overall prevalence of Strongyloides in-

children.

fection was 3.7%. There was a sharp drop in

are accepted TB screening tests for refugee
children aged 5 years and older.>” However,

prevalence among children arriving in the

United States after 2010. Notably, the CDC had

initiated a program to provide routine, pre-
sumptive treatment of Strongyloides for
2011.%® However, the same trend was also

US-bound refugees living in Thailand in

observed among children who arrived in the

United States from Nepal and Kenya, where

presumptive predeparture treatment was not
implemented until 2013. This suggests that

ions

tat

This study has a number of limitations. We

were unable to examine outcomes for major

imi

other factors, such as improved sanitation, may

also have contributed to this change.
ethnic subgroups, as the best available proxy
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Test Total Bhutan

TABLE 4—Prevalence of Tuberculosis Among Refugee Children Aged 0-18 Years Who Arrived
in 4 US States From 2006 to 2012 by Country of Origin

Burma via
Thailand

| RESEARCH AND PRACTICE |

Burma via

Malaysia DRC  Ethiopia Irag  Somalia

Tuberculosis (TST>10 mm), no. 6077 603

0-18y, % 215 15.9
Tuberculosis (IGRA+), no. 2077 398
0-18y, % 11.8 16.1

10.5 23.0 20.7 33.1 6.2 31.3

10.5 9.8 15.5 17.7 4.7 133

204 150 520 a7 2380

102 58 79 257 459

are from TST compared with IGRA results

examination) may result in the misclassification
of individuals who speak more than 1 language.
For example, Karen families who speak Karen
and Burmese may be categorized as “Burmese-
speaking.”

Because lead data were not available for the
majority of children aged older than 8 years, we
cannot comment on the use of universal lead
screening for older children. Our TB data do not
differentiate between T-SPOT (Oxford Immuno-
tec Inc, Marborough, MA) and QuantiFERON-TB
Gold (QIAGEN Inc, Valencia, CA), and we had
insufficient data to correlate TB screening results
with previous receipt of BCG vaccine. Further-
more, anemia is a poor proxy for malnutrition, so
adjusted models for TB do not fully account for
the impact of anergy.

Because we used serum antibody levels as
a marker for Strongyloides infection, children
aged younger than 12 months and children
recently treated with antiparasitics may be clas-
sified as Strongyloides-positive as a result of
maternal transfer of antibodies or the slow
decline in antibody levels following treatment.3®
This may have overestimated the prevalence of
Strongyloides infection. Strongyloides prevalence
estimates should also be interpreted cautiously
because the relatively high proportion of chil-
dren with missing values may be indicative of
selective testing rather than universal screening.
Future studies replicating this work with more
recent data are expected to address many of
these limitations.

Conclusions

The creation of a multistate, pediatric refugee
health data set is feasible, and we suggest that
data be pooled regularly (e.g., every 2 years) to
update these results. When feasible, these

e6 | Research and Practice | Peer Reviewed | Yun et al.

Note. DRC = Democratic Republic of the Congo; IGRA = interferon-v release assay; TST = Mantoux tuberculin skin test. Results

analyses should focus upon both country of
origin and country of departure, as the health
profiles of refugee children from a single country
of origin (e.g, Burma) may be variable depending
on the country of departure (e.g,, Thailand and
Malaysia). State refugee health programs should
also consider including refugee camp as a vari-
able within existing refugee screening databases,
as these data may allow for better monitoring of
the health status of children from very large,
semipermanent refugee camps such as Mae La
(Thailand), Dadaab (Kenya), Kakuma (Kenya),
and Zaatari (Jordan).

These data are important for monitoring and
adapting the CDC’s existing refugee screening
guidelines. For example, our results raise ques-
tions about universal HBV screening for children
from countries where the prevalence of HBV
among children is comparable to the prevalence
among children in the United States, although
future studies with larger sample sizes are nec-
essary to confirm these findings. Pooled refugee
health screening data should also be used to
provide population-, age-, and gender-specific
prevalence estimates to clinicians caring for
refugee children. In the future, it may be most
cost-effective and timely for the CDC to conduct
rapid health assessments of large refugee pop-
ulations before immigration to the United States.

The results of this study may also be of
value to clinicians caring for nonrefugee
immigrant children from low- and
middle-income countries in Asia and Africa.
Although there are often differences between
refugee and nonrefugee populations, these
data may offer some insight into the health
status of children from regions where living
conditions are comparable to those of refugee
children and where other population-specific

data are lacking. For example, nonrefugee
immigrant children from rural Somalia are
likely to benefit from screening for EBL,
anemia, HBV, tuberculosis, and Strongyloides.
However, additional work is necessary to
develop screening guidelines for other pop-
ulations of immigrant children, particularly
children from countries with large

US permanent resident populations, such as
Mexico, China, India, and the Philippines.2 [ |

About the Authors

Katherine Yun is with PolicyLab, Division of General
Pediatrics, The Children’s Hospital of Philadelphia,
Philadelphia, PA. Jasmine Matheson is with Refugee Health
Program, Washington State Department of Health,
Shoreline. Colleen Payton and Kevin C. Scott are with
Family and Community Medicine, Thomas Jefferson Uni-
versity, Philadelphia. Barbara L. Stone is with Refugee
Health Program, Colorado Department of Public Health
and Environment, Denver. Lihai Song is with Healthcare
Analytics Unit, Center for Pediatric Clinical Effectiveness,
and Policylab, The Children’s Hospital of Philadelphia.
Kailey Urban and Blain Mamo are with Refugee Health
Program, Minnesota Department of Health, Saint Paul.
Janine Young is with General Pediatrics, Denver Health and
Hospitals, Denver, CO. William M. Stauffer is with
Departments of Medicine and Pediatrics, University of
Minnesota, Minneapolis.

Correspondence should be sent to Katherine Yun, MD,
MHS, The Children’s Hospital of Philadelphia, 3535
Market St, Room 1539, Philadelphia, PA 19104 (e-mail:
yunk@email.chop.edw). Reprints can be ordered at
http://www.ajph.org by clicking the “Reprints” link.

This article was accepted August 17, 2015.

Contributors

B. Mamo, K. Yun, and W. M. Stauffer conceptualized the
study. ]. Matheson, C. Payton, K. C. Scott, B. L. Stone,

B. Mamo, and K. Urban contributed data. L. Song and
K. Yun prepared the unified data set. K. Yun led the
analysis and preparation of the article. All of the authors
made critical contributions to the analysis and article
preparation.

Acknowledgments

K. Yun received support from PolicyLab at the Children’s
Hospital of Philadelphia and in part from the National
Institute of Child Health and Human Development
(1K23HD082312-01A1). K. C. Scott and C. Payton re-
ceived support in part from a cooperative agreement with
the Centers for Disease Control and Prevention (CDC;
CDC-RFA-CK12-1205).

The authors thank Austin “Chad” Hill for assistance
creating Figure A and the anonymous reviewers whose
comments improved this work.

Note. The contents of this article are solely the
responsibility of the authors and do not necessarily
represent the official views of the CDC or the De-
partment of Health and Human Services. These data
were supplied, in part, by the Colorado, Minnesota, and
Washington departments of public health, which spe-
cifically disclaim responsibility for any analysis, inter-
pretation, or conclusions.

American Journal of Public Health | Published online ahead of print November 12, 2015


mailto:yunk@email.chop.edu

Human Participant Protection

This study was approved by the institutional review
board at Thomas Jefferson University. Use of existing,
de-identified data were exempt from institutional review
board review by other participating sites.

References

1. The UN Refugee Agency. Convention and protocol
relating to the status of refugees. 2007. Available at:
http://www.unhcr.org/3b66c2aal0.html. Accessed
October 13, 2015.

2. Department of Homeland Security. Yearbook of
immigration statistics. 2010-2013. Available at: http://
www.dhs.gov/files/statistics/publications/yearbook.
shtm. Accessed February 15, 2015.

3. The Urban Institute. Children of immigrants data
tool. Available at: http://datatool.urban.org/charts/
datatool/pages.cfm. Accessed February 15,

2015.

>4 Hayes EB, Talbot SB, Matheson ES, Pressler HM,
Hanna AB, McCarthy CA. Health status of pediatric
refugees in Portland, ME. Arch Pediatr Adolesc Med.
1998;152(6):564-568.

» 5. Penrose K, Adams JH, Nguyen T, Cochran J,
Geltman PL. Vitamin D deficiency among newly resettled
refugees in Massachusetts. J Immigr Minor Health.
2012;14(6):941-948.

»6.  Entzel PP, Fleming LE, Trepka M], Squicciarini D.
The health status of newly arrived refugee children in
Miami-Dade County, Florida. Am J Public Health.
2003;93(2):286-288.

»7. Meropol SB. Health status of pediatric refugees in
Buffalo, NY. Arch Pediatr Adolesc Med. 1995;149
(8):887-892.

»8.  Sheikh M, Pal A, Wang S, et al. The epidemiology
of health conditions of newly arrived refugee chil-
dren: a review of patients attending a specialist health
clinic in Sydney. J Paediatr Child Health. 2009;45
(9):509-513.

»9.  Ramos M, Orozovich P, Moser K, Phares CR, Stauffer
W, Mitchell T. Health of resettled Iraqi refugees—San
Diego County, California, October 2007-September
2009. MMWR Morbid Mortal Wkly Rep. 2010;59
(49):1614-1618.

»10. ONeal SE, Townes JM, Wilkins PP, et al. Seropre-
valence of antibodies against Taenia solium cysticerci
among refugees resettled in United States. Emerg Infect
Dis. 2012;18(3):431-438.

P 11. Tiong AC, Patel MS, Gardiner ], et al. Health issues
in newly arrived African refugees attending general
practice clinics in Melbourne. Med J Aust. 2006;185
(11-12):602-606.

»12. Benson J, Phillips C, Kay M, et al. Low vitamin B12
levels among newly-arrived refugees from Bhutan, Iran
and Afghanistan: a multicentre Australian study. PLoS
One. 2013;8(2):e57998.

»13. Centers for Disease Control and Prevention. Vita-
min B12 deficiency in resettled Bhutanese refugees—
United States, 2008-2011. MMWR Morbid Mortal Wkly
Rep. 2011;60(11):343-346.

» 14. Dawson-Hahn EE, Greenberg SL, Domachowske JB,
Olson BG. Eosinophilia and the seroprevalence of schis-
tosomiasis and strongyloidiasis in newly arrived pediatric
refugees: an examination of Centers for Disease Control

Published online ahead of print November 12, 2015 | American Journal of Public Health

| RESEARCH AND PRACTICE |

and Prevention screening guidelines. / Pediatr. 2010;156
(6):1016-1018.el.

»15. Rungan S, Reeve AM, Reed PW, Voss L. Health
needs of refugee children younger than 5 years arriving
in New Zealand. Pediatr Infect Dis J. 2013;32(12):e432-
€436.

P 16. Paxton GA, Sangster K], Maxwell EL, McBride CR,
Drewe RH. Post-arrival health screening in Karen refu-
gees in Australia. PLoS One. 2012;7(5):e38194.

»17. Eisenberg KW, van Wijngaarden E, Fisher SG, et al.
Blood lead levels of refugee children resettled in Massa-
chusetts, 2000 to 2007. Am J Public Health. 2011;101
(1):48-54.

»18. Geltman PL, Radin M, Zhang Z, Cochran ], Meyers
AF. Growth status and related medical conditions among
refugee children in Massachusetts, 1995-1998. Am J
Public Health. 2001;91(11):1800-1805.

»19. Geltman PL, Brown M], Cochran J. Lead poisoning
among refugee children resettled in Massachusetts, 1995
to 1999. Pediatrics. 2001;108(1):158-162.

20. Centers for Disease Control and Prevention.
Guidelines for the US domestic medical examination
for newly arriving refugees. Immigrant and refugee
health 2014. Available at: http://www.cdc.gov/
immigrantrefugeehealth/guidelines/domestic/domestic-
guidelines html. Accessed February 15, 2015.

»21. Shah AY, Suchdev PS, Mitchell T, et al. Nutritional
status of refugee children entering DeKalb County,
Georgia. / Immigr Minor Health. 2014;16(5):959-967.

22. CDC response to the Advisory Committee on
Childhood Lead Poisoning Prevention recommendations
on “Low level lead exposure harms children: a renewed
call of primary prevention.” Atlanta, GA: Centers for
Disease Control and Prevention; 2012.

23. Yip R, Parvanta I, Cogswell ME, et al. Recommen-
dations to prevent and control iron deficiency in the
United States. MMWR Recomm Rep. 1998;47
(RR-3):i-29.

» 24, Bianchi L, Galli L, Moriondo M, et al. Interferon-
gamma release assay improves the diagnosis of tubercu-
losis in children. Pediatr Infect Dis J. 2009;28(6):
510-514.

P25 Thomas TA, Mondal D, Noor Z, et al. Malnutrition
and helminth infection affect performance of an inter-
feron y-release assay. Pediatrics. 2010;126(6):e1522~
el529.

»26. Wasley A, Kruszon-Moran D, Kuhnert W, et al. The
prevalence of hepatitis B virus infection in the United
States in the era of vaccination. J Infect Dis. 2010;202
(2):192-201.

»27. Fiks AG, Grundmeier RW, Biggs LM, Localio AR,
Alessandrini EA. Impact of clinical alerts within an
electronic health record on routine childhood immuni-
zation in an urban pediatric population. Pediatrics.
2007;120(4):707-714.

28. Smith AA. In Search of Survival and Sanctuary in the
City: Refugees from Myanmar/Burma in Kuala Lumpur,
Malaysia. Bangkok, Thailand: International Rescue
Committee; 2012.
29. Barron S, Okell ], Yin SM, et al. Refugees from Burma:
Their Backgrounds and Refugee Experiences. Washington,
DC: Center for Applied Linguistics, Cultural Orientation
Resource Center; 2007.

»30. Mitchell T, Jentes E, Ortega L, et al. Lead poisoning
in United States-bound refugee children: Thailand-

Burma border, 2009. Pediatrics. 2012;129(2):e392~
e399.

»31. Merican I, Guan R, Amarapuka D, et al. Chronic
hepatitis B virus infection in Asian countries. J Gastro-
enterol Hepatol. 2000;15(12):1356-1361.

»32. Lavanchy D. Hepatitis B virus epidemiology, disease
burden, treatment, and current and emerging prevention
and control measures. J Viral Hepat. 2004;11(2):97-
107.

»33. Yao GB. Importance of perinatal versus horizontal
transmission of hepatitis B virus infection in China. Gut.
1996;38(suppl 2):S39-S42.

»34. Kiire CF. The epidemiology and prophylaxis of
hepatitis B in sub-Saharan Africa: a view from tropical
and subtropical Africa. Gut. 1996;38(suppl 2):S5-S12.

»35. Liang X, Bi S, Yang W, et al. Epidemiological
serosurvey of hepatitis B in China—declining HBV prev-
alence due to hepatitis B vaccination. Vaccine. 2009;27
(47):6550-6557.

»36. Howley MM, Painter JA, Katz D], et al. Evaluation of
QuantiFERON-TB Gold In-Tube and tuberculin skin tests
among immigrant children being screened for latent
tuberculosis infection. Pediatr Infect Dis . 2015;34
(1):35-39.

»37. Mazurek GH, Jereb JA, Vernon A, LoBue P,
Goldberg S, Castro KG. Updated guidelines for using
interferon gamma release assays to detect Mycobacterium
tuberculosis infection, United States, 2010. MMWR
Recomm Rep. 2010;59(RR-5):1-25.

38. Treatment schedules for presumptive parasitic in-
fections for U.S.-bound refugees, administered by IOM—
January 2014. Atlanta, GA: Centers for Disease Control
and Prevention, National Center for Emerging and
Zoonotic Infectious Diseases; 2014.

»39. Biggs B-A, Caruana S, Mihrshahi S, et al. Manage-
ment of chronic strongyloidiasis in immigrants and

refugees: is serologic testing useful? Am J Trop Med Hyg.
2009;80(5):788-791.

Yun et al. | Peer Reviewed | Research and Practice | e7


http://www.unhcr.org/3b66c2aa10.html
http://www.dhs.gov/files/statistics/publications/yearbook.shtm
http://www.dhs.gov/files/statistics/publications/yearbook.shtm
http://www.dhs.gov/files/statistics/publications/yearbook.shtm
http://datatool.urban.org/charts/datatool/pages.cfm
http://datatool.urban.org/charts/datatool/pages.cfm
http://www.cdc.gov/immigrantrefugeehealth/guidelines/domestic/domestic-guidelines.html
http://www.cdc.gov/immigrantrefugeehealth/guidelines/domestic/domestic-guidelines.html
http://www.cdc.gov/immigrantrefugeehealth/guidelines/domestic/domestic-guidelines.html
http://ajph.aphapublications.org/action/showLinks?pmid=9641710&crossref=10.1001%2Farchpedi.152.6.564
http://ajph.aphapublications.org/action/showLinks?pmid=23828627&crossref=10.1007%2Fs10903-013-9867-8
http://ajph.aphapublications.org/action/showLinks?pmid=21430638
http://ajph.aphapublications.org/action/showLinks?pmid=20577159
http://ajph.aphapublications.org/action/showLinks?pmid=20400098&crossref=10.1016%2Fj.jpeds.2010.02.043
http://ajph.aphapublications.org/action/showLinks?pmid=22411495&crossref=10.1007%2Fs10903-012-9603-9
http://ajph.aphapublications.org/action/showLinks?pmid=22250021&crossref=10.1542%2Fpeds.2011-1218
http://ajph.aphapublications.org/action/showLinks?system=10.2105%2FAJPH.93.2.286&pmid=12554586
http://ajph.aphapublications.org/action/showLinks?pmid=11197043&crossref=10.1046%2Fj.1440-1746.2000.0150121356.x
http://ajph.aphapublications.org/action/showLinks?pmid=24569317&crossref=10.1097%2FINF.0b013e3182a11526
http://ajph.aphapublications.org/action/showLinks?pmid=19407125
http://ajph.aphapublications.org/action/showLinks?pmid=14996343&crossref=10.1046%2Fj.1365-2893.2003.00487.x
http://ajph.aphapublications.org/action/showLinks?pmid=7633543&crossref=10.1001%2Farchpedi.1995.02170210061011
http://ajph.aphapublications.org/action/showLinks?pmid=19504735&crossref=10.1097%2FINF.0b013e31819abf6b
http://ajph.aphapublications.org/action/showLinks?pmid=22693599&crossref=10.1371%2Fjournal.pone.0038194
http://ajph.aphapublications.org/action/showLinks?pmid=8786052&crossref=10.1136%2Fgut.38.Suppl_2.S39
http://ajph.aphapublications.org/action/showLinks?pmid=19702607&crossref=10.1111%2Fj.1440-1754.2009.01550.x
http://ajph.aphapublications.org/action/showLinks?pmid=21059723&crossref=10.1542%2Fpeds.2010-0885
http://ajph.aphapublications.org/action/showLinks?system=10.2105%2FAJPH.2009.184408&pmid=21088268
http://ajph.aphapublications.org/action/showLinks?pmid=22377408&crossref=10.3201%2Feid1803.111367
http://ajph.aphapublications.org/action/showLinks?pmid=8786055&crossref=10.1136%2Fgut.38.Suppl_2.S5
http://ajph.aphapublications.org/action/showLinks?pmid=20533878&crossref=10.1086%2F653622
http://ajph.aphapublications.org/action/showLinks?system=10.2105%2FAJPH.91.11.1800&pmid=11684607
http://ajph.aphapublications.org/action/showLinks?pmid=21160458
http://ajph.aphapublications.org/action/showLinks?pmid=17181501
http://ajph.aphapublications.org/action/showLinks?pmid=19729084&crossref=10.1016%2Fj.vaccine.2009.08.048
http://ajph.aphapublications.org/action/showLinks?pmid=17908756&crossref=10.1542%2Fpeds.2007-0257
http://ajph.aphapublications.org/action/showLinks?pmid=11433069&crossref=10.1542%2Fpeds.108.1.158
http://ajph.aphapublications.org/action/showLinks?pmid=23469126&crossref=10.1371%2Fjournal.pone.0057998
http://ajph.aphapublications.org/action/showLinks?pmid=25093974&crossref=10.1097%2FINF.0000000000000494



