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Abstract.

Area-based sociodemographic markers, such as census tract foreign-born population, have been used to

identify individuals and communities with a high risk for tuberculosis (TB) infection in the United States. However, these
markers have not been evaluated as independent risk factors for TB infection in children. We evaluated associations
between census tract poverty, crowding, foreign-born population, and the CDC’s Social Vulnerability Index (CDC-SVI)
ranking and TB infection in a population of children tested for TB infection in Boston, Massachusetts. After adjustment
for age, crowding, and foreign-born percentage, increasing census tract poverty was associated with increased odds of
TB infection (adjusted odds ratio [aOR] per 10% increase in population proportion living in poverty: 1.20 [95% CI, 1.04-
1.40]; P = 0.01), although this association was attenuated after further adjustment for preferred language. In separate
models, increasing CDC-SVI ranking was associated with increased odds of TB infection, including after adjustment for
age and language preference (aOR per 10-point increase in CDC-SVI rank: 1.08 [95% CI, 1.02-1.15]; P = 0.01). Our find-
ings suggest area-based sociodemographic factors may be valuable for characterizing TB infection risk and defining the
social ecology of pediatric TB infection in low-burden settings.

More than 1 million children and adolescents in the United
States are estimated to have latent tuberculosis (TB) infec-
tion." For the most part, efforts to identify pediatric TB infec-
tion in the United States rely upon contact investigations
and routine screening for TB risk factors,? although ongoing
incident pediatric TB disease in the United States highlights
the limitations of these approaches. Researchers and public
health authorities are increasingly interested in using admin-
istrative data that can be extrapolated from the electronic
health record (EHR) to identify individuals at risk for TB infec-
tion.% In particular, area-based markers of risk for TB infec-
tion may bypass some challenges with self-reported risk
factors, which may be stigmatizing or purposefully omitted
(e.g., immigration history)* and subject to social desirability
bias (e.g., language preference).® Prior TB epidemiologic
studies have used the proportion of foreign-born individuals
in a census tract as a proxy for foreign-born status®® and
have found pediatric TB disease prevalence to be associ-
ated with area poverty and demographic composition.”
However, the association between area-based sociodemo-
graphic factors and pediatric TB infection risk in the United
States has not been vetted. In this study, we aimed to deter-
mine the relationship between area-based sociodemographic
factors and the likelihood of TB infection in a population of
children tested for TB infection in an urban, low-burden
setting.

We conducted a cross-sectional study nested within a ret-
rospective cohort study of children < 18 years old tested for
TB using a tuberculin skin test (TST) or interferon gamma
release assay (IGRA) between January 2017 and May 2019
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in Boston, Massachusetts.® We excluded confirmatory posi-
tive tests, tests associated with addresses outside Massa-
chusetts, and tests for which area-based sociodemographic
data were not available.

The primary outcome was TB infection diagnosis after a
positive TB infection test (TST or IGRA) per clinician docu-
mentation. Tests that treating clinicians determined to be
falsely positive were classified as negative. Patients with
positive tests who did not complete the diagnostic steps to
establish a TB infection diagnosis (i.e., chest radiograph or
physical exam) were considered to have TB infection. When
patients had multiple positive tests, only the first positive
was included. We excluded TSTs that were not read and
IGRAs that were borderline/invalid/indeterminate, as well as
patients diagnosed with mycobacterial disease.

We selected three census tract-level exposures: 1) the
estimated percentage of individuals living below the federal
poverty line®; 2) the estimated percentage of individuals liv-
ing in crowded households (i.e., more people than rooms in
a household)'% and 3) the estimated percentage of the pop-
ulation who were foreign born."'? In a secondary analysis,
we assessed the relationship between TB infection preva-
lence and the CDC’s Social Vulnerability Index (CDC-SVI)
statewide census tract ranking.'® Notably, the CDC-SVI
includes poverty and crowding; the CDC-SVI also uses non-
English language preference as a proxy for foreign-born
population. We used 2018 5-year American Community
Survey data to provide stable estimates of area-based expo-
sures. Prespecified covariates were age and language pref-
erence,""'* which were recorded in the EHR.

We used descriptive statistics to summarize exposures by
outcome. We assessed pairwise correlation between poverty,
crowding, and foreign-born percentage using Pearson correla-
tions; we reviewed variables were considered to be highly cor-
related if the pairwise correlation coefficient was = 0.7."® We
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created univariable mixed-effects logistic regression models
to account for clustering at the census tract (to account for the
clustering of TB infection cases within small areas, e.g., due to
local transmission within households or close communities)
and individual levels (because individuals could receive multi-
ple tests). We then constructed two sets of multivariable mod-
els. Model 1 included age and all sociodemographic factors
but excluded language (given the limitations of measuring lan-
guage in EHRs®'®). Model 2 included language as well as vari-
ables from model 1. We repeated this modeling sequence for
CDC-S8VI ranking.

In these models, sociodemographic variables are repre-
sented as 10% increases in the census tract population with
the characteristic. We performed a sensitivity analysis in
which census tracts were ranked against all census tracts in
Massachusetts by poverty, crowding, and foreign-born pop-
ulation; census tract rank was then used as the exposure
variable in models.

Address geocoding was conducted using ArcGIS Pro
version 10.3 (Esri, Redlands, CA). Statistical analysis was
conducted in Stata version 17 (StataCorp, College Station,
TX). This study received ethics approval at Boston Children’s
Hospital and Mass General Brigham.

As shown in Figure 1, 13,353 TB tests were obtained, of
which 11,190 tests among 10,090 patients were included;
190 (1.7%) were positive and 11,000 were negative. Table 1
summarizes patient characteristics and Table 2 shows the
distribution of TB infection diagnoses by area-based marker,
here presented by quartile ranking of an individual’s census
tract among all census tracts in Massachusetts. Patients
resided in 1,123 of Massachusetts’s 1,478 census tracts. To
illustrate the distribution of sociodemographic factors across
the state, Supplemental Figure 1 shows census tracts in
which patients resided, colored by poverty, foreign-born
population, crowding, and SVI. Table 2 shows the percent-
age of the census tract population with each sociodemo-
graphic characteristic by quartile. The pairwise correlation
coefficients between poverty, crowding, and foreign-born
percentage were < 0.7.

In the univariable analyses, Spanish language and other
non-English language preference and census tract poverty,
crowding, and foreign-born percentage were associated
with increased odds of TB infection (Table 1). In multivariable

13,353 tests obtained
(11,622 patients)

Exclusion:

« Non-diagnostic tests (n=1063)

« Diagnosed with mycobacterial
disease (n=7)

« Address outside of MA (n=575)

« Address missing (n=29)

« Missing geographic exposure data
(n=489)

A

11,190 tests included
(10,089 patients)
1
A A
190 (1.7%) tests positive/ 11,000 (98.3%) tests
diagnosed with TB negative/ not diagnosed
infection with TB infection

Ficure 1. Tests obtained and diagnoses of TB infection in the
study population. MA = Massachusetts; TB = tuberculosis.

TABLE 1
Characteristics of included patients and univariable and multivariable analyses of predictors of TB infection

Multivariable model 31
aOR (95% Cl)

No TB infection Univariable models Multivariable model 1* Multivariable model 2t
OR (95% Cl) aOR (95% Cl) aOR (95% Cl)

(N = 11,000)

190)

TB infection
N

Variable (N = 11,190)

Age (years)

REF REF
1 (0.81-2.11)

REF

REF

<5

2,744 (98.6%)
3,464 (98.2%)
4,792 (98.2%)

38 (1.4%)
64 (1.8%)
88 (1.8%)

5 (1.01-2.68)||

Qe

-

(0.82-2.09)
(1.01-2.67)§

— <t
m e

-

1.41 (0.88-2.25)
1.54 (0.96-2.48)

1.40 (0.86-2.29)
1.46 (0.89-2.39)

12-17
Languagef

5-11

REF
2.11 (1.39-3.21)
2.82 (1.61-4.92)

REF
2.23 (1.48-3.36)
2.80 (1.60-4.90)

1.13# (0.97-1.32)

REF
2.53 (1.70-3.76)
2.79 (1.64-4.77)

1.27# (1.10-1.45)

6,777 (98.9%)
3,145 (97.5%)

1,047 (97.2%)
13.9% (6.2-20.1%)

1.1%)
2.5%)
2.8%)

(
(
(
(

78
82
30

16.8%

3.7% (1.8-5.9%)

Spanish

Other
Percentage living in poverty,

English

10-21.7%)

median (IQR)
Percentage living in crowded

0.90# (0.54-1.51) 0.81# (0.47-1.39)

1.474 (1.09-1.97)s

2.8% (1.0-5.4%)

quarters, median (IQR)
Percentage foreign born, median (IQR)

SVI census tract rank, median (IQR)

1.184# (0.97-1.43) 1.11# (0.92-1.35)

1.20# (1.06-1.36)
1.13** (1.06-1.20)|

28.5% (16.6-38.5%)

31.2% (22.6-41.7%)

- 1.08" (1.02-1.15)||

62 (28-95)

69 (47-90)
Social Vulnerability Index; TB = tuberculosis.

interquartile range; SVI =

aOR = adjusted odds ratio; IQR

*Includes age, poverty, crowding, and foreign-born percentage.

T Includes age, poverty, crowding, foreign-born percentage, and language preference.

F Includes age, language preference, and CDC-SVI rank.

§P < 0.05.

**Per 10-point increase in CDC-SVI rank (increasing rank corresponds to increasing social vulnerability).

#Per 10% increase in census tract population with characteristic.

9 Excludes 31 patients with missing data.

I|P<001.
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TaBLE 2
Distribution of total, positive, and negative tests by area-based sociodemographic variable

Characteristic

No TB infection (N = 11,000)

TB infection (N = 190) Total (N = 11,190)

Poverty quartile

First (least impoverished) 3,098 (18.7%) 23 (0.7%) 3,121 (27.9%)
Second 2,012 (18.0%) 40 (2.0%) 2,052 (18.3%)
Third 3,442 (30.8%) 79 (2.2%) 3,521 (31.5%)
Fourth (most impoverished) 2,448 (21.9%) 48 (1.9%) 2,496 (22.3%)
Crowding quartile
First (lowest proportion in crowded quarters) 2,177 (19.5%) 22 (1.0%) 2,199 (19.7%)
Second 2,041 (18.2%) 35 (1.7%) 2,076 (18.6%)
Third 2,921 (26.1%) 51 (1.7%) 2,972 (26.6%)
Fourth (highest proportion in crowded quarters) 3,861 (34.5%) 82 (2.1%) 3,943 (35.2%)
Foreign-born quartile
First (lowest proportion foreign born) 637 (5.7%) 7 (1.1%) 644 (5.8%)
Second 1,257 (11.2%) 16 (1.3%) 1,273 (11.4%)
Third 2,182 (19.5%) 27 (1.2%) 2,209 (19.7%)
Fourth (highest proportion foreign born) 6,924 (61.9%) 140 (2.0%) 7,064 (63.1%)
SVI rank
First (lowest quartile of SVI census tracts) 2,414 (21.6%) 19 (0.8%) 2,433 (21.8%)
Second 2,243 (20.0%) 32 (1.4%) 2,275 (20.3%)
Third 2,760 (24.7%) 68 (2.4%) 2,828 (25.3%)
Fourth (highest quartile of SVI census tracts) 3,583 (32.0%) 71 (1.9%) 3,654 (32.7%)

SVI = Social Vulnerability Index; TB = tuberculosis.

analysis that included age and all area-based variables
(model 1), an increasing percentage of living in poverty was
significantly associated with TB infection diagnosis. In the
analysis that also included language (model 2), Spanish lan-
guage and other language were significantly associated with
increased odds of TB infection, as was older age, but not
any area-based sociodemographic factors. In the secondary
analysis, increasing SVI ranking was significantly associated
with increased odds of TB infection when adjusting for age
(adjusted odds ratio [aOR] for a 1-point increase in CDC-SVI
rank: 1.13 [95% CI, 1.07-1.20]; P < 0.001) and age plus lan-
guage (aOR for a 10-point increase in CDC-SVI rank: 1.08
[95% CI, 1.02-1.15]; P = 0.01) (model 3). Effect sizes and
significance were largely unchanged in the sensitivity analy-
sis in which area-based sociodemographic variables were
represented as census tract statewide rank rather than as
the proportion of the population (results not shown).

In this cross-sectional study of children tested for TB in
Massachusetts, census tract poverty was associated with
increased odds of TB infection diagnosis after adjusting
for other area-based sociodemographic markers and age,
but this association did not persist after adjusting for pre-
ferred language. Increasing CDC-SVI was associated with
increased odds of TB infection in models that included age
and language. Taken together, these findings suggest that
area-based demographic factors may have a role in identify-
ing children at increased risk for TB infection, particularly
when language cannot be determined.

Our analysis adds evidence that area-based poverty is an
important factor for understanding the distribution of TB in
the United States. County-level poverty was found to be
associated with countywide TB disease incidence in the con-
tinental United States,® and census tract poverty has been
associated with pediatric TB disease prevalence in Califor-
nia.” Neighborhood poverty was also associated with the
identification of a source case among children with TB infec-
tion in New York."” In our study, poverty likely reflected other
processes associated with TB transmission. For instance,
census tract poverty may reflect immigrant populations from

high-TB burden countries or countries associated with the
most TB cases in the United States'® more effectively than
census tract foreign-born percentage. Additionally, marked
disparities by race and ethnicity have been documented
among U.S.-born individuals with TB infection.'® Area-based
poverty may be a proxy for these disparities in our analysis.

Foreign-born percentage and crowding were not associ-
ated with TB infection diagnosis in multivariable models. TB
epidemiologic studies from North Carolina and California
used neighborhood foreign-born population proportion as a
proxy for patients’ foreign birth status.®® In the study from
California, census tract foreign-born population was signifi-
cantly associated with positive TB infection screening
among adults, including in models that contained language
preference. Despite the lack of association in our study, the
high absolute numbers of patients with TB infection living
in census tracts with high crowding and foreign-born status
suggest that these factors remain important proxies for TB
infection risk. Future studies using population prevalence or
incidence of TB infection as an outcome measure might
reflect the effect of these variables. Such an approach has
been applied to study ecological associations with TB disease
incidence in California and Washington State, which have
found similar relationships between area-based sociodemo-
graphic markers (including poverty, crowding, and education)
and reported TB incidence.2%?!

Inclusion of preferred language in multivariable models
attenuated the association between poverty and TB infection
diagnosis. Non-English language preference has been used
as a marker for foreign birth and thus TB infection risk.3'*
However, although highly specific, this variable may lack sen-
sitivity for foreign-born status.??> Moreover, language prefer-
ence may not always be reported in the EHR or may be
subject to social desirability biases. Our findings suggest that
area-based markers may have utility for identifying TB infec-
tion risk when language cannot be reliably measured, for
example as components of future EHR-based risk scores
that should be the subject of future research. Our data also
support the combined use of individual- and community-level
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data to understand TB prevalence, as others have used to
describe TB disease incidence,®® although further investiga-
tion is needed to identify specific combinations that could be
used for risk prediction.

Social vulnerability, as measured by the CDC-SVI, was
associated with increased TB infection risk. To our knowl-
edge, our study is the first to examine the association
between CDC-SVI and pediatric TB infection, although prior
literature has evaluated other composite area-based indices
to examine associations between community vulnerability
and TB prevalence.?® Our findings reinforce a consistent
conclusion across studies that TB infection remains a dis-
ease of socially vulnerable communities in the United States
and also suggest that those communities most affected by
TB also face social and structural barriers to care.

Our study has limitations. Most patients lived in a single
urban area, hampering generalizability. Our findings may not
reflect recent TB trends in the context of COVID-19. Analysis of
area-based factors may incorrectly assign risk based on cen-
sus tract attributes that do not reflect a child’s immediate lived
ecosystem, introducing potential ecological fallacies. Because
census tract variables were measured cross-sectionally, our
study was not designed to assess causal links between socio-
demographic characteristics (e.g., determine whether increas-
ing census tract foreign-born status led to increasing census
tract poverty or crowding); future mediation analysis using
directly measured social drivers of health variables (e.g., sur-
veys) could yield important insights into how social drivers lead
to TB infection in children in the United States. We were unable
to geocode or measure one or more sociodemographic factors
for 4% of tests. Finally, we were unable to account for testing
indication or adherence to targeted testing practices, which
represents unmeasured confounding in our study.

In conclusion, census tract poverty and social vulnerability
are area-based sociodemographic factors associated with
pediatric TB infection diagnosis in a low-prevalence setting.
The preferred language documented in the EHR was also
associated with TB infection and attenuated the association
with poverty but not with social vulnerability. Our findings
suggest that area-based markers merit additional investiga-
tion in prevalence studies to understand the ecosystem of
pediatric TB in the United States and hold promise as candi-
date variables for prediction scores to identify children at risk
for TB infection. Specifically, research is needed to under-
stand relationships between ecological sociodemographic
data and TB infection prevalence in different settings in the
United States. Studies should investigate how individual- and
area-level variables can be incorporated into predictive risk
scores to identify those at highest risk for TB infection.
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