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Abstract

Objective—To assess outcomes from the US postarrival evaluation of newly arrived immigrant
and refugee children aged 2-14 years who were diagnosed with latent tuberculosis infection
(LTBI) during a required overseas medical examination.

Study design—We compared overseas and US interferon-y release assay (IGRA)/tuberculin
skin test (TST) results and LTBI diagnosis; assessed postarrival LTBI treatment initiation and
completion; and evaluated the impact of switching from TST to IGRA to detect Mycobacterium
tuberculosis infection overseas.

Results—In total, 73 014 children were diagnosed with LTBI overseas and arrived in the US
during 2007-2019. In the US, 45 939 (62.9%) completed, and 1985 (2.7%) initiated but did not
complete a postarrival evaluation. Among these 47 924 children, 30 360 (63.4%) were retested for
M tuberculosis infection. For 17 996 children with a positive overseas TST, 73.8% were negative
when retested by IGRA. For 1051 children with a positive overseas IGRA, 58.0% were negative
when retested by IGRA. Overall, among children who completed a postarrival evaluation, 18 544
(40.4%) were evaluated as having no evidence of TB infection, and 25 919 (56.4%) had their
overseas LTBI diagnosis confirmed. Among the latter, 17 229 (66.5%) initiated and 9185 (35.4%)
completed LTBI treatment.

Conclusions—Requiring IGRA testing overseas could more effectively identify children who
will benefit from LTBI treatment. However, IGRA reversions may occur, highlighting the need
for individualized assessment for risk of infection, progression, and poor outcome when making
diagnostic and treatment decisions. Strategies are needed to increase the proportions receiving a
postarrival evaluation and completing LTBI treatment.

The majority of tuberculosis (TB) cases in the US occur among non—US-born persons. In
2019, non-US-born persons accounted for 70.9% of the reported TB cases; TB incidence
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rate was 15.5 times greater than that among US-born persons.! Importantly, most (>75%)
TB cases among non—-US-born persons are believed to result from reactivation of latent
tuberculosis infection (LTBI) that was likely acquired before coming to the US.23 This
phenomenon also is seen in other countries with low TB incidence, including many
European countries, Australia, and Canada.* Improved diagnosis and effective treatment
for LTBI among newly arrived individuals at risk are therefore a major focus for the control
and elimination of TB in the US and other low-incidence countries.1>

Diagnosis of LTBI (also referred to as TB infection, ie, infection with Mycobacterium
tuberculosis [Mt])87 can be challenging, as it is currently not possible to directly detect
Mitb in persons with LTBI, an asymptomatic condition defined by absence of evidence of
TB disease.8 LTBI is used here to distinguish infection that is not associated with extant or
previously treated disease. There is no “gold standard” to confirm a diagnosis of LTBI.® The
tuberculin skin test (TST) has been widely used for more than a century. A major drawback
of TST is that TST antigens crossreact with Mycobacterium bovis-bacille Calmette-Guérin
(BCG) vaccines and many environmental nontuberculous mycobacteria (NTM), leading to
false-positive results for Mtb infection. Interferon-vy release assays (IGRAs) are ex vivo
blood tests that detect T-lymphocyte release of interferon-y after stimulation by antigens
found on the Mtb complex. These antigens are not found on M bovis-BCG strains or most
species of NTM. Therefore, IGRA is more specific than TST for diagnosis of LTBI among
persons vaccinated with BCG or infected with NTM.6-9

TB screening, required for all US-bound immigrants and refugees, is a key component

of the overseas medical examination conducted by overseas doctors appointed by the

US Department of State. The US Centers for Disease Control and Prevention (CDC)
provides Tuberculosis Technical Instructions (TB TIs) for this screening.10-11 Before 2007,
children were not actively screened for TB. According to the TB Tls, beginning in 2007,
applicants aged 2-14 years living in countries with a World Health Organization—estimated
TB incidence rate of =220 cases per 100 000 population are required to be tested for

Mitb infection by TST or IGRA. If the test is positive, a chest radiograph is required. In
2018, the CDC released updated TB TIs specifying that IGRA must be performed, with
TST only accepted in countries where IGRA is not licensed for use. Children who have

a positive TST or IGRA but have a normal chest radiograph and no clinical findings

of TB disease are classified as “Class B2 TB, LTBI Evaluation.” Applicants aged =15
years are not required to test for Mtb infection; chest radiographs are required for all

those aged =15years. TheCDCrecommendsthatUSstateand local health departments conduct
a postarrival TB evaluation for immigrants and refugees with an overseas TB classification,
including children with a Class B2 TB, LTBI Evaluation classification.12 We assessed
outcomes from the US postarrival evaluation of immigrant and refugee children aged 2-14
years who received a Class B2 TB, LTBI Evaluation classification overseas and arrived
between 2007 and 2019. We also evaluated the impact of the 2018 TB TIs change from
allowing TST to mandating IGRA in the overseas medical examination.
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We conducted a retrospective analysis of newly arrived immigrant and refugee children aged
2-14 years who were diagnosed with LTBI during a required overseas medical examination
and arrived in the US during 2007-2019.

We used the data in the CDC’s Electronic Disease Notification (EDN) system.13 Overseas
medical examination data were first entered into the US Department of State official forms
by panel physicians and later electronically transferred or manually entered into EDN.
State and local health departments entered their postarrival evaluation data directly into
EDN through the EDN TB Follow-Up Worksheet (OMB Control No. 0920-1238). We also
used data extracted from the US Department of State’s Worldwide Refugee Admissions
Processing System to determine nationality for refugee children.

Definitions

We defined “overseas LTBI diagnosis” as a child receiving a Class B2 TB, LTBI Evaluation
classification during his or her overseas medical examination. We defined US diagnoses,
evaluation status, and LTBI treatment status based on the data recorded on the EDN

TB Follow-Up Worksheet (Table I; available at www.jpeds.com).14 We considered an
overseas LTBI diagnosis as confirmed domestically if a child received a diagnosis of LTBI
domestically with or without additional testing. We defined arrival as arrival at a US port
of entry. We used country of birth as country of origin for immigrant children, and country
of nationality as country of origin for refugee children (51% were born in their countries of
asylum).

Testing for Mtb Infection

The 2007 TB Tls allowed panel physicians to use QuantiFERON®-TB Gold (QFT-G),
QuantiFERON®-TB Gold In Tube (QFT-GIT), or T-SPOT. The 2018 TB Tls allowed

the use of QIAGEN QuantiFERON® (any iteration approved by the Food and Drug
Administration) or Oxford Immunotec T-SPOT®.TB (Oxford Immunotec Ltd). The IGRA
brand names and quantitative test results from overseas medical examination and US
postarrival evaluation were not collected systematically. Both the 2007 and 2018 TB Tls
required panel physicians to follow the manufacturers’ written instructions for performing
tests and interpreting test results. For the overseas and US IGRA results, we used the
clinician’s interpretation (positive/negative) as reported to EDN. We excluded indeterminate
results (0.3% of overseas IGRA results and 0.9% of US retesting IGRA results). For the
overseas and US TST results, a cutoff of TST =5 mm was positive for known TB contacts or
immunosuppressed persons, and =10 mm was positive for all others.11:12 A “reversion” was
defined as a positive result overseas and a negative result in the US if the same child was
tested both by TST or both by IGRA.

Data Analyses

We calculated the proportions of children who initiated or completed a postarrival
evaluation, received an LTBI diagnosis, and initiated or completed LTBI treatment. We
compared overseas and US testing methods, diagnoses, and postarrival LTBI treatment
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initiation and completion under the 2007 TB Tls and under the 2018 TB TIs. We compared
overseas and US retesting IGRA and TST results.

Because test specificity is greater for IGRAs than TSTs, we hypothesized that the proportion
of persons who tested positive for Mtb infection by IGRA may be lower than that by TST.
To assess this assumption, we used SAS PROC STDRATE (SAS Institute Inc) to calculate
the nationality standardized ratio of the proportion positive by IGRA vs positive by TST
overseas. For this calculation, refugee children aged 2-14 years originating from Burma,
Democratic Republic of the Congo (DRC), or Iraq were the only nationalities with sufficient
numbers of children tested by IGRA. To assess whether sex, age, examination country,

and immigrant vs refugee status were associated with the reversions of overseas IGRA on
US retesting with IGRA, we performed univariate and multivariate logistic regressions. All
2-way interaction terms between the independent variables (sex, age, examination country,
and visa type) were evaluated and no significant (P < .05) interactions were detected. We
conducted data analysis using SAS software, version 9.4, by the SAS Institute Inc.

Ethical Review

Results

This project was proposed, reviewed and approved in accordance with CDC institutional
review policies and procedures. Because it received a nonresearch determination, review by
an institutional review board was not required.

Demographics

A total of 73 014 children were diagnosed with LTBI during their overseas medical
examination and arrived in the US during 2007-2019. Among these children, 86.2% were
immigrants and 13.8% were refugees; 50.2% were male; and 74.3% came from 5 countries
of origin: Philippines (42.8%), Mexico (17.3%), Dominican Republic (5.0%), Vietnam
(4.8%), and Burma (4.5%) (Table II).

US Postarrival Diagnoses and LTBI Treatment

Among all 73 014 children diagnosed with LTBI overseas, 45 939 (62.9%) ever had
documentation of a completed postarrival evaluation. Among them, 18 544 (40.4%) were
evaluated as having no evidence of TB infection; 25 919 (56.4%) had their overseas LTBI
diagnosis confirmed domestically; 125 (0.3%) were diagnosed with TB disease; and 1351
(2.9%) were diagnosed with inactive TB. Among children whose overseas LTBI diagnosis
was confirmed domestically, 19 429 (75.0%) were recommended for LTBI treatment; 17 229
(66.5%) accepted and started treatment; and 9185 (35.4%) completed treatment (Table II).

Comparison of Results before and after Implementation of 2018 TB Tls

The 2018 TB Tls require that overseas testing for Mtb infection is performed by IGRA. For
the 71 028 (97.3%) of children whose overseas medical examination was conducted before
the implementation of the 2018 TB Tls, 67 589 (95.2%) were tested overseas by TST and
2307 (3.2%) by IGRA; domestically, 44 852 (63.1%) completed a postarrival evaluation.
Of these, 18 183 (40.5%) were evaluated as having no evidence of TB infection, and 25
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208 (56.2%) had their overseas LTBI diagnosis confirmed domestically. For the 1986 (2.7%)
of children whose overseas medical examination was conducted after the implementation

of 2018 TB Tls, 58 (2.9%) were tested overseas by TST and 1883 (94.8%) by IGRA;
domestically, 1087 (54.7%) completed a postarrival evaluation. Of these, 361 (33.2%) were
evaluated as having no evidence of TB infection, and 711 (65.4%) had their overseas LTBI
diagnosis confirmed domestically (Figure, A).

For children whose overseas LTBI diagnosis was confirmed domestically, a greater
proportion of children whose overseas medical examination conducted after vs before
implementation of the 2018 TB Tls were recommended for LTBI treatment (96.1% vs
74.4%), accepted and started treatment (77.9% vs 66.1%), and completed treatment (57.8%
vs 34.8%) (Figure, B).1>16 All comparisons were statistically significant (£<.0001) by 2
analysis.

US Postarrival Retesting Proportions, Results, and Impact on Postarrival LTBI Treatment

Initiation

Overall, among children whose postarrival evaluation was completed or initiated but not
completed, 30 360 (63.4%) were retested (Figure, A). Among 2444 children with a positive
overseas IGRA and a documented US postarrival evaluation, 1198 (49.0%) were retested,
whereas among 44 571 children with a positive overseas TST and a documented US
postarrival evaluation, 28 568 (64.1%) were retested (Table II1).

During postarrival evaluation, among 1051 children with a positive overseas IGRA, 610
(58.0%) were negative on US retest with IGRA; among 17 996 children with a positive
overseas TST, 13 274 (73.8%) were negative on US retest with IGRA; among 158 children
with a positive overseas IGRA, 87 (55.1%) were negative on US retest with TST; and among
11 580 children with a positive overseas TST, 4335 (37.4%) were negative on US retest with
TST (Table IV).

There were different approaches to postarrival LTBI treatment initiation according to
overseas and postarrival US retest IGRA and TST results. Among the IGRA-positive
children overseas who were retested in the US, if children retested as IGRA-positive,
76.9% initiated LTBI treatment; if children retested as TST-positive, 59.3% initiated LTBI
treatment; and if children retested IGRA-negative, just 3.9% initiated LTBI treatment.
Among the TST-positive children overseas who were retested in the US, if children retested
as IGRA-positive, 76.0% initiated LTBI treatment; if children retested as TST-positive,
61.0% initiated LTBI treatment; and if children retested as IGRA-negative, just 2.2%
initiated LTBI treatment (Table I11).

Nationality Standardized Ratio of Proportion Positive by IGRA vs Positive by TST Overseas

The ratio of the proportion positive by IGRA vs positive by TST was calculated for refugee
children aged 2-14 years originating from Burma, DRC, or Iraq who were tested by IGRA
and/or TST during their overseas medical examination and who arrived in the US during
2014-2019. Overall, when tested overseas by IGRA, 3.4% were positive, and when tested by
TST, 6.6% were positive (ratio = 0.5, 95% CI 0.4-0.6).
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Factors Associated with Reversion of Positive Overseas IGRA Retested with IGRA during
US Postarrival Evaluation

Both univariate and multivariate logistic regressions showed sex was not significantly
associated with IGRA reversion. Age was significantly associated with IGRA reversion

in both univariate and multivariate logistic regressions. Compared with children aged 2—4
years, odds of IGRA reversion for children aged 5-9 years were 50% lower (aOR 0.5,

95% CI 0.3-0.8), and for children aged 10-14 years were 70% lower (Aor 0.3, 95% CI
0.2-0.5). Association of examination country with IGRA reversion varied, and results of
univariate and multivariate logistic regressions were similar. Compared with children whose
medical examination was conducted in Mexico, children whose medical examination was
conducted in China had approximately 5 times greater odds of IGRA reversion (aOR 5.3,
95% CI 2.7-10.4); children whose medical examination was conducted in other high-volume
examination countries had no significant difference in odds of IGRA reversion. Univariate
logistic regressions showed refugee children were more likely to have IGRA reversion

than immigrant children (OR 2.4, 95% CI 1.9-3.1), but the difference was not statistically
significant after adjusting for sex, age and examination country (aOR 1.4, 95% CI 1.0-1.9)
(Table V; available at www.jpeds.com).

Discussion

Our results demonstrated that the 2018 TB Tls requirement for testing for Mtb infection by
IGRA in the overseas medical examination was implemented effectively. Among children
diagnosed with LTBI overseas, the majority (95%) of overseas tests were IGRAs after the
implementation, whereas 95% were TSTs before the implementation.

Overseas testing for Mtb infection by TST had disadvantages. Consistent with findings from
many previous studies comparing TST and IGRA performance in BCG vaccinated children
and adolescents,17-22 and studies in assessing IGRA performance in patients with NTM
disease or infection, 2324 we found that TST likely yielded many false-positive results in
US-bound immigrant and refugee children aged 2-14 years likely due to the high coverage
of BCG vaccination,?1:25 and prevalence of NTM infections in their countries of origin.26:27
The majority (63%) of children diagnosed with LTBI overseas were retested during their
postarrival evaluation. Among children with a positive overseas TST, when retested by
IGRA, a high proportion (74%) were negative. When retested positive by IGRA, a greater
proportion initiated postarrival LTBI treatment than retested positive by TST (76% vs 61%);
and when retested negative by IGRA, a very low proportion (2%) initiated treatment.

Such findings, first seen in unpublished internal analyses, along with evolving US clinical
guidelines’ in favor of IGRA over TST, led CDC to switch in the 2018 TB TIs from TST to
IGRA to detect Mt infection in the overseas medical examination.

We observed positive changes after the implementation of the 2018 TB Tls. Compared

with before the implementation, the proportion of children retested in postarrival evaluation
fell by 8%; concordance between overseas and US LTBI diagnosis increased by 9%;

the proportions of LTBI treatment initiation and completion for children whose overseas
LTBI diagnosis was confirmed domestically increased by 12% and 23%, respectively. The
increase in the proportions initiating and completing LTBI treatment are consistent with calls
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and efforts to better address LTBI in people at high risk of reactivated TB in the US®; it
may also reflect greater confidence in a positive IGRA, leading more US providers to initiate
treatment and improving patient acceptance and adherence to treatment.

We expected switching from TST to IGRA in the overseas medical examination to
substantially reduce positive test results overseas. As expected, when we calculated the
nationality-standardized ratio of the proportion positive by IGRA vs positive by TST
overseas for refugee children aged 2-14 years originating in Burma, DRC, or Iraq, we

found an overall risk ratio of 0.5 (95% CI 0.4-0.6), suggesting a 50% reduction in number
of positive results if testing by IGRA instead of TST in these 3 nationalities. Given the large
numbers of US-bound immigrant and refugee children screened for Mtb infection during
their overseas medical examination globally, such a reduction could translate to substantially
fewer children requiring a postarrival TB follow-up evaluation in the US.

We found in our analysis that among children who were IGRA-positive overseas and
retested domestically, the reversion proportion was high at 58%. Discordant IGRA results
are not uncommon, and have been reported by previous studies on serial testing of
healthcare workers28:2% with reversion rates being consistently greater than conversion rates
(range 22%~-71% vs 1%-14%),2° and on repeated testing among TB contacts.3? Although
there have been a few findings,31-33 discordant results in repeated IGRA testing in children
and adolescents have not been well characterized. Studies on QFT-GIT testing in TB
contacts aged 5-9 years (<5 years not retested) in Indonesia32 found that 20% of children
reverted to negative at 3-month follow-up; in aged 0-15 years in Venezuela33 found that
62% of children reverted to negative or indeterminate at 12-month follow-up.

Our analysis showed that compared with children aged 2—4 years, children aged 5-9 years
and 10-14 years had 50% and 70% lower odds of IGRA reversion, respectively. Odds of
IGRA reversion were approximately 5 times greater for children whose medical examination
was conducted in China than children whose medical examination was conducted in Mexico.
Difference in children’s age distribution could be a potential explanation. Comparing
Mexico with China, the proportion of children aged 10-14 years among all children retested
was 68% and 49%, respectively. Our findings are consistent with previous studies.34-3¢ The
study34 on domestic evaluation of immigrants 2-14 years old who arrived in California

with a classification of TB infection found that the proportion with positive IGRA increased
significantly with age (years): 2-4 (11%), 5-9 (19%), 10-14 (28%), P< .0001; was lowest
among arrivers from China (6%) and greatest among arrivers from Mexico (48%). The
study3> comparing the performance of TST and IGRA in children aged 2-14 years applying
to immigrate to the US from Mexico, Philippines, and Vietnam reported that Mexican
children aged 10-14 years old were 13 times as likely to be QFT-positive compared with
those 2-5 years old (relative risks 12.7; 95% CI 1.76-91.0). It is expected that positive
IGRA results are associated with older age because of cumulative exposure to TB over time.

IGRA reversion should not lead to a conclusion that no treatment is necessary without a

thorough assessment. The CDC-updated guidelines for using IGRA state that for discordant
test results (ie, one positive and the other negative), decisions about medical or public health
management require individualized judgment, and find it reasonable to take a positive result
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from either of the 2 tests as evidence of infection if the risk for infection, progression,

and a poor clinical outcome (eg, meningitis, disseminated disease, or death) are increased.®
The current CDC guidance for screening for TB infection and disease during the domestic
medical examination for newly arrived refugees recommends that treatment for LTBI should
be considered after TB disease is ruled out for those with positive IGRA results, unless TB
disease or LTBI treatment was completed before arrival.12

Non-US-born children and adolescents from countries with high TB incidence are at greater
risk for TB disease than US-born children and adolescents.37:38 In this analysis, 65% of
children were from countries of origin with a World Health Organization—estimated TB
incidence rate of =100 cases per 100 000 population. Furthermore, young children and
adolescents in general are at greater risk of progressing to TB disease once infected, and
younger children are at greater risk of developing severe disease (TB meningitis, miliary
TB), whereas adolescents frequently progress to adult-type disease.390 Early effective
diagnosis and treatment reduce disease burden and transmission.

Our results showed that postarrival evaluation, LTBI treatment initiation and completion

for immigrant and refugee children aged 2-14 years who were diagnosed with LTBI
overseas and arrived in the US during 2007-2019 were not optimal. The proportion of
children who had completed a postarrival evaluation remained low (range 35%-68%,

63% overall). For children whose overseas LTBI diagnosis was confirmed domestically,

the overall proportions of LTBI treatment initiation and completion were 67% and 35%,
respectively. Lower treatment completion proportions were seen for children from some
countries with large numbers of US-bound immigrants (eg, Mexico, 29%; Philippines, 30%).
Despite the improvement in the proportions of children initiating and completing LTBI
treatment after the implementation of the 2018 TB Tls, LTBI treatment initiation proportion
(78%) and completion proportion (58%) remain suboptimal. A framework to better address
LTBI in at-risk populations in the US, including immigrants and refugees, has been put
forth; its components include systems to monitor progress, scale-up of targeted LTBI
testing, scaleup of short-course treatment regimens and development of even shorter-course
regimens, engagement of affected communities and their medical providers, and increased
public health staffing for implementation and oversight.>

Our findings should be interpreted within the context of the limitations of our data. The
link between test results and initiation of LTBI treatment we observed does not account

for information in addition to a TST or IGRA result that clinicians may have considered
when making the treatment decisions. Postarrival evaluation, LTBI treatment initiation, and
LTBI treatment completion may still be ongoing for immigrants and refugees who arrived
in 2019, and state and local health departments may not enter all these data into EDN.

In addition, the postarrival TB evaluation itself is only recommended, not required, for
children diagnosed with LTBI overseas. The dramatic shift from TST to IGRA in testing
for Mtb infection overseas after the implementation of 2018 TB Tls that we demonstrated
in Figure, A represented only children who were tested for Mtb infection and diagnosed
with LTBI overseas and, therefore, might not be representative of all children who were
tested for Mt infection overseas. Similarly, when calculating nationality standardized ratio
of the proportion positive by IGRA vs positive by TST overseas, we could not include
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all nationalities in our study population because of inadequate numbers of immigrant and
refugee children tested by IGRA. In addition, we used country of origin to categorize TB
incidence, because 51% refugee children that we analyzed were born in their countries of
asylum, if risk of acquiring LTBI was substantially different in country of origin from that
in refugee camps and in country of asylum, inaccurate categorizing could happen. Finally,
additional time may be needed to determine the full impact of the 2018 TB Tls as, at the
time of this analysis, postimplementation data were only available for people who were
examined after September 2018 and arrived during 2018-2019.

Our results showed that overseas testing for Mitb infection by TST for this population had
disadvantages, including a high proportion of retesting in the US, a high proportion negative
on US retest with IGRA, and a low proportion of postarrival LTBI treatment initiation

when children retested negative by IGRA. Our findings demonstrated that mandating IGRA
testing for all overseas medical examinations could substantially reduce the proportion of
children tested positive for Mtb infection overseas, thus reduce the number of children who
need chest radiograph and postarrival evaluation, and more effectively identify children who
will benefit from LTBI treatment. However, a high US retest proportion, a high reversion
proportion, and a low proportion of postarrival LTBI treatment initiation when children
retested negative by IGRA were observed for children with a positive overseas IGRA,
although to a lesser extent. Given that immigrant and refugee children from TB-endemic
countries are at high risk for Mtb infection, disease progression, and a poor clinical
outcome, it is imperative that US programs consider LTBI treatment, after TB disease

is excluded, for children who have a positive IGRA overseas. Our results also showed
postarrival evaluation, LTBI treatment initiation, and completion in this high-risk population
had remained suboptimal. Strategies are needed to increase the proportions receiving a
postarrival evaluation and completing LTBI treatment.
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Figure.
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A, Testing™ for Mtb infection and outcomes of US postarrival evaluation of immigrant

and refugee children aged 2-14 years who were diagnosed with LTBI during the overseas
medical examination under 2007 TB Tls and under 2018 TB Tls (went into effect October
1, 2018) and arrived in the US during 2007-2019. *Chest radiograph, culture, or smear tests
performed during the overseas medical examination and US postarrival evaluation were not
shown. TAmong children whose postarrival evaluation was completed or initiated but not
completed, 29 726 (63.5%) were retested under 2007 TB Tls and 634 (55.5%) were retested
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under 2018 TB Tls. The overall number of children retested and percent of children whose
postarrival evaluation was completed or initiated but not completed were 30 360 (63.4%).
B, LTBI cascade of care for children aged 2-14 years whose overseas LTBI diagnosis

was confirmed during their US postarrival evaluation, 2007-2019. For the concept of LTBI
cascade of care, refer to the references. 1516

J Pedliatr. Author manuscript; available in PMC 2023 June 01.



Page 15

Wang et al.

"183ys10M dN-M0J104 8.1 NA3 3U3 U0 Pajda| 09 se 1,7(S1v) A19190S 19BI0Y | URILIAWY
) 40 SISOIN219qN] LWNLIIIBQOIPY UIM Pa1dajul Jo/pue 0} pasodxa suosiad 0 UONDIISSe[O sy} 03 BuIpi0dde PalIsse|d a1am saabingal pue syueIBILWI PaALLIE A|MaU ‘Uolien|eAs g [eAlrelsod ay) Jo4

y

"([8£2T-0260 ON 103U0D GINQ] ‘198USHIOM
dN-moJ104 91 NA3J) SUOIBIISSE|D SISOINIISGNL SBASISAQ UM SUOSIad PAALUIY-AIM3N 10} 199USHIOM dN-MOJ|0- SISOINIISGNL UOIEIIIION 9Seasi 21U0J109]3 S, 0D ay} U0 paplodal Blep syl pasn
¥

1013085 JUBWILaI) SN Ul PapJodal sem uona|duiod Juswiess |91

1013935 JUBWIBAI} SN Ul PaPJ02al SeM UoNeRIUl JUsWIeas |91

(199USXJ0MA BY} JO UOISIBA 1S3PIO B} 10}) UONI8S

JUBWIEAI) S Ul PAPI0daI SEM LOHEIIIUL JUSLLIEaI) |91 PUe U0108s UoNISOdSIp UOIEN|BAS Ul PapI0dal 81aM PapusLwIwodsl Bulag Juswiess) pue
Luonen|ens pa1a|dwiod,, 10 ‘U0I0aS UOIISOdSIP UOEN|BAS Ul PAPI0da) 318M PapUSWILIOdaI Bulag Juswiess) |91 pue uonenfeas paiajdwo),,
Buissiw sem 1o ,,‘'UoIIEN|BAS 81B1IUI 10U PIP,, SEM UOIISOSIP UOIeN|eAs pue ‘papiodal 10U Sem sisouBelp uolenjens uy

Pap102a. sem juswiess g1/19.171 SN Jo Bunsel wy91/1S1 SN
10 ,.'pa1a1dwod Jou/uoneN|BAS paleniul,, 4o, ‘uolien|eas pa1a|dwod,, sem UonIsodsip UoKeN|eAs pue ‘paplodal 10U Sem sisoubeip UoienjeAs Uy

Juswieal) paya|dwo)

luswiieal] paliels pue Umﬁooo{

WBWIEa) |91 PEPUSWILI0IDY

pajuBINIOP J0u/pale

110N

pa1a|dwod 10U pareniu|

snyels
juswiead} |91

papJ02aJ Sem sisoubelp uonenjeAs Uy palo|dwod  sniels uonenjens

aseasip aAoeUl ‘g uv SSB|D JO UOIRIILISSE[O B PaAIsday g1 annoeu|

aseasip g1 ‘dl _,Nm SSB|D JO UOIIBIIJISSE[D B PaAIaday aseasIp g1

aseasip ou ‘uondaul g1 _xm SSB|D JO UOIIRIILISSE[D B PanIaday s150UBRIP |17 SEOSIAND PAULILIUS)
UOI323)Ul JO 92UBPIAS OU ‘8Insodxa g1 @, T SSe|D 40 Paloajul 10U ‘ainsodxa g1 Ou :,Q SSe|D JO UOIBIISSE|d B PaAIaday sisouberp
; : : i ; i S : UoI93jul g1 JO 32U3PIAS ON uonenjeA
Luoniupea AKiobered sa|qelfep

6T02—2002 Buinp SN 8y} Ul paALLIe pue UOITRUIWEX? [BIIPaW SBASISAC ay) Bulinp 1917 yim
pasoubelp aiam oym sieak 41—z pabe uaip|iyd aabnyal pue JuelBiwiwi Jo Sneis Juswiead) g1 pue ‘snjeis uonen|eas ‘sisoubelp uolenjeas [eAleisod SN

‘I 8lqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

J Pedliatr. Author manuscript; available in PMC 2023 June 01.



Page 16

Wang et al.

(z'v¢) 6T.2 (5%9) TETS (Tv2) 2065 (e€s) T96L (829) 6€6 T (9ze) €8L€C 6-§
(Lve) 82zt (T%9) 1122 (evL) €692 (7°59) vvSe (9%9) 66€9 (9€T) 2066 ¢
|eALLIe 18 ‘A ‘aby
(z's¢) €0SY (7°99) 1878 (9v2) €€56 (1°99) 182 2T (L29) 008 22 (8'67) 6.£9¢ alewad
(9°g¢) 2891 (999) 8.8 (e's2) 9686 (899) 8ET €T (z'€9) 6ET €2 (z0s) Se99e 3eN
XaS
(5°29) 90V (6°22) 0SS (6°56) 119 (829) 90. (g'59) iZAN" (82 Leoz 6T0C
(L8p) 8Ly (002) 189 (z'v6) 626 (897) 286 (009) 0012 (8%) 66v€ 8702
(6°9%) 799 (5°59) 826 (5'16) 9621 (sep) LTHT ('69) 09z¢ (52) zevs 1102
(8'sv) /90T (1°29) 79ST ('26) 4174 (0'8y) 4o (z'19) 098% (60T) Tv6L 9102
(0'1Y) LT6 (2°€9) GZvT (9°16) 8102 (L6v) 1822 (8°69) S0SY (eo1) TESL ST02
(z'28) 908 (0°29) 1501 ('16) 86T (L729) G9TZ (2'19) 10TV (r6) 1999 102
(ez¢) 8 (8'19) 0T9T (909) 61ST (€°89) 7092 (099) 89y (€'6) 9929 €102
(5°z¢) T90T (6%9) GTTZ (e€9) 5902 (6°29) 09z¢ (5°29) 8295 (r'T1)  Oves 2102
(8'92) €88 (5°59) 95Tz (6'€9) S0TZ (8€9) v62€ (0'89) 65TG (ror)  ¥8SL 1102
(z'82) STO0T (L°29) 374 (2'59) 79€2 (629) 665€ (1°29) 02.S (zT1) 6288 0102
(9°2¢) 6€6 (502) 6202 (€'89) G96T (859) 1182 (7'69) elEy (T0T) 69€L 6002
(z€2) 20T (029 2.2 (8°09) 192 (0°02) 6EY (L'6%) 129 (1) 9zt 8002
(r'12) S (2°58) 9 (2'58) 9 (5°28) L (8%¢) 8 (00 €z 1002
Jeak [eALly
H:o_a:EB "'ON H:o_a:EB "'ON Hco:m:_m\,m "'ON pew|dwod "'ON Seas N0 "'ON (%) 'ON so|qelten
[eAllesod [eAllesod reAllrexsod cw,__wmhmm%& _m:mv.___m_m__g
Burinp Burinp Burinp :mco M 1o :mﬂom_ o ouo\
paw J1juod paw J1juod paw J1juod ™y m o o%o PIIUS 0 %
ssoubelp 1917 ssoubelp 1917 ssoubelp 1917 Pl o %
Seas JON0 YlIM Seas SN0 YlIM SEsS N0 UM
WIP[IY JO % WIP[IY JO % U IPIY0 4O %
juswreal 19171 ﬁcm_.c“mm‘; ._.Emc.:mmb *co:m:—m\,m _.m>_:mwoa Umw_QEoo Seas N0
feAls.resod pap|dwo) 1911 [enl1 rersod 1907 fenli rexsod Burnp sisoubelp 1917 uoirenfens [eAlljesod 19171 ym paesoubeiq
pol.Jels pue pa1dsd0y popuaILIOIDY SESS OO pRW IIjU0)

Author Manuscript

6T02—200Z Bulinp SN 8y1 Ul paALLie pue UOIlRUILLIEXS [edIPaL SeasIano ay) Burinp
1917 Yyum pasoubelp a1am oym sieak yT—g pabe ualpiyd 9abnjal pue JueiBiuwi JO UOIBN[RAS [eALLIRISOd SN JO SBWO0IIN0 pue ‘s1IS1IA1dRIRYD ‘S[RALLIY

‘Il s1qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Pedliatr. Author manuscript; available in PMC 2023 June 01.



Page 17

Wang et al.

‘uIbuio Jo Anunod oy (uonejndod 0o OOT Jod sasea) adusploul g1 parewnsa—uoneziuebiQ yifesH PO 9T0Z

5

"uonenens [eareisod Burnp pawuod sisoubelp 91T SBaSISA0 UM Ualp|iyd Bulag JojeuIiousp ayl Yim pare|nojed sem afeiusosad ‘g ‘ainbi4 Ul UMoYS aJed JO 9peased |91 UM 90UepIode uj

t

“JuswIeal) |91 [eALlieisod pauels pue peidaode pue Juswiless) 91 [eALLRISOd PapUBLILIOdal Usamiag Aouedalasip ay) 01 8INQLIUOD PIN0d eyep N3 J0 sieak Ajies Joy fewndogns Buiag Aupenb ereq

i

"(9%6°2) TSET = 9.1 aAnoRUl “(%E°0) SZT = 9sessIp 91 “(%¥'0%) #¥S 8T = UOIO8JUI g1 O 8UBPIAS OU 3JaM UOHEN|EAS [eALLIEIsod & Pala]dwiod oym usipiyo Buowre sasoubelp J8yio
*

(7'se) 5876 (599) 62¢ LT (0's2) 62V 6T (7°99) 676 GZ (629) 6€6 G (0'00T) ¥10€L [eloL
(80¢) 12 (5°8¢) S (579) 8 (7ov) €T (9°€9) 82z (To) w alewnss oN
(8'g8) G209 (1°59) 2€0TT (6'€2) 815 ¢T (67€9) 976 9T (€'99) Gri T€ (6'79)  66€ LY 001=
(6'%¢€) Zvoe (2'69) 209 (L2) 1919 (z'29) v1.8 (599) 200 T (0ve) S8LYC 66-0¢
(092) 79 (8'87) 0zt (z's8) 88.€ (0°€9) 144 (0°69) 1414 (T1T) 982 6T-0
m:_m:o 10 Aiunod
ul aduspioul g1
Lvy) 686T L) vSve (z's8) 88.€ (z'29) Ly (T12) YTL (8€T) Lv0OT saabnyey
(5€e) 96T. (Z'79) GlLET (8'22) 79 GT (e'59) 2y e (919 G6L 8€ (z98) 19629 ST
adA3 esIn
(£99) 14 (0-001) € (0°00T) € (0°s2) € (1°29) 14 (00 L umouxun
(oow) 09.2 (zoL) 6787 ('18) 6T9G (6'89) 9069 (529 GZLTT (L's2) 9681 1syo
(e'8y) L€ (0°62) 902T (6'18) 052t (0°59) 1251 (1) 0S€2 (5¥) o6ze euung
(6°€€) s147 (502) 926 (r2e) 9T0T (9°89) eTeT (8€9) vee (8y) e15¢ WeulsIA
a1jgnday
(8°€9) 626 (5°28) TTST (1°28) GOST (ee) 1211 (z'59) 95€2 (0s) TT9E ueojuiwoQ
(z'62) 8veT (9°89) €9T€ (0°s2) 657€ (0°89) TT9v (L€9) 8119 (e21) L1921 021X\
(T°08) 7962 (2'99) T.5G (6'99) 1159 (0'sp) 2€86 (9°59) 8% 02 (8er) o0zeTE seuddijiyd
uibuo jo Aiuno)
(€9¢) 8€2S (z'89) 1286 (9°52) ¥680T (9°89) Yy ¥T (929) 109 2 (6°€8)  62€ 6€ ¥1-0T
H:o_a:EB "'ON H:o_a:EB "'ON Hco_ﬁ:_m\,m "'ON pew|dwod "'ON Seas N0 "'ON (%) 'ON so|qelten
[eAllesod [eAllesod reallrexsod cw,__wmhmm%& _m:mv.___m_m__g
Burinp Burinp Burinp :mco M 1o :mﬂom_ o %o\
paw J1juod paw J1juod paw J1juod ™y m o o%o PIlUO 0 %
ssoubelp 1917 ssoubelp 1917 ssoubelp 1917 Pl o %
Seas JON0 YlIM Seas JON0 YlIM SEsS N0 UM
WIP[IY JO % WIP[IY JO % U IP1Y0 4O %
juswreal 1917 tcm_.cﬂmm‘; ._.Emc.smmb *co:m_:m\,m _.m>_:mwoa Umw_QEoo SEeas N0
feAlrexsod pele|dwod 1917 Al sessod 1917 eAl fersod Bulinpsisoubelp 1917 uolienfens [eAlleisod 1917 yum pasoubelq
pol.Jels pue pa1dsd0y popuaIWIOIDY SESS OO pRW IIjU0)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Pedliatr. Author manuscript; available in PMC 2023 June 01.



Page 18

Wang et al.

"PaPJ0I3J 10U SBM 3JNS3J IO ‘BAISN|OUOUI SeM }INsal | S 10 49| Bunsalas Jo ‘pawioylad 1ou sem S 10 O] Bunsalal SN Jayia WOYM Joj ualpjiyd sabnjal pue jueiBiwiwi sapnjoul Eso:v_cD%
'Pa1Sa1al 10U 31am (%6°GE) €00 9T pue ‘(synsal
1581 S UMOUXUN 10 8AISN|OUODUI YIIM asoy) Buipnjoul) paisalal atem (9T #9) 89G 8¢ ‘Way) Buowy "uoljen|eAs [eAlielsod SN PaluaWINIoP & pey S| Seasiano aAnisod e YlMm UsIp(iydoT .S 7 4O 2101 <H
"pa1salal 10U a1am (%0°TS) 92T pue ‘(synsal
1S8] SN UMOUXUN J0 8AISN|OUOUI YIIM asoy) Buipnjoul) paisalal atem (960°'6%7) 86TT ‘Wayl Buowyy "uolenjens [eALLIeIsod SN PaUSWINIop € pey 9| Seasiano aAlisod e YIIM Ualp|iyd y7Z 40 2101 <,N
"PaPJ0I34 10U JO ‘BAISN|IUOIUI JO ‘BAITRBBU d1aM S)Nsal

1S1/VHD| SessIaN0 18y |[e 10 ‘pajuswiniop a1am S1sa) | S1/VHO| Seasisno J1sy) Jo auou Ing pawiopiad sem uonenjens [ealseisod SN ul Buisalal Woym o) uaipjiyd aabnyal pue juelBiuuwi sspnjox3
¥

(00 0 86/ 22 (00 0 veLT uorenfens [eAleisod oN
(z'29) €58 €00 9T (z02) G/8 veT paisalal J0N
(6'82) 9TT 0¥ (6720 6 12 PapJ098J 10U IO SAISN[IUOUI S)NSaY

3UOp Jou/UMOUNUN 1S3 SN

(80 z 9€2 (00 0 8T —1S1 pue —vy9l

(z2) 88 0807 (6°TT) 8 19 gHUMOPIN vEDIPUE~1S L

umouxun ue —

(2 0.2 zee et (6°€) ford 165 § UN LS L PUE =IOl

1S1 Jo/pue wyo| eamisod oN
(Tom) 8 G508 (00) 0 1 —V4d9I pue +1S1
umouxun ue
(019) GT/E 2609 (€°69) GE 65 § MU VEOIPUE +1S1
('89) €T 6T (0°09) T z —1S1 puB +vy9|
umouxun ue
(092) 80€€ Sletorg (692) 62¢ 82y § UN LS PUE +VOI
(L82) v.2 8ve (5'%9) 9 1T +1S1 pue +vyo|

1S1 1o/pue YY9O| sAllSOd

UMOU| Nsal 181 SN

(%) 'ON N (%) 'ON N Luoieners fearlressod SN ulBunsaley
WeLITes T 161 feAITTe0d pofetiu] 1ol JUSLITes T 1617 feAI I es0d pofeniul feiol
1S 1 Sess JeN0 9AI1}S0d V9O | SEss JBA0 9A111S0d

UOITeUIlexs [eo1pall Sess ;B0 Ul BUlsa) [eliiu |

6T02—200Z ‘S1NSal 18] 1S pue Wyo| [eAleisod SN pue seasiano o) Buipiodde Juawiieas) (g1 JO uolenu|
‘11 a|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Pedliatr. Author manuscript; available in PMC 2023 June 01.



1duosnuey Joyiny

Wang et al. Page 19

Table IV.

Overseas and postarrival IGRA/TST results among children who were documented positive overseas and
retested after US arrival, 2007-2019

Initial testing in over seas medical examination
Positive overseas IGRA  Positive overseas TST

Retesting in US postarrival evaluation  No. (%) No. (%)
USIGRA™

IGRA + 441 (42.0) 4722 (26.2)

IGRA - 610 (58.0) 13274 (73.8)
usTsT”

TST + 71 (44.9) 7245 (62.6)

TST- 87 (55.1) 4335 (37.4)

*

Excludes immigrant and refugee children for whom retesting in US postarrival evaluation was performed but none of their overseas IGRA/TST
tests were documented, or all their overseas IGRA/TST results were negative, or inconclusive, or not recorded, or all their US retesting IGRA/TST
results were inconclusive or not recorded.
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