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Abstract

Objectives: Characterizing losses from the pediatric tuberculosis (TB) infection care cascade is 

important to identify ways to improve TB infection care delivery.

Study design: We conducted a retrospective cohort study of children (<18 years old) screened 

for TB within 2 Boston-area health systems between January 2017-May 2019. Patients who 

received a tuberculin skin test (TST) and/or interferon gamma release assay (IGRA) were 

included.

Results: We included 13,353 tests among 11,622 patients; 93.9% of tests were completed. Of 

199 patients with positive tests for whom TB infection evaluation was clinically appropriate, 

59.3% completed treatment or were recommended not to start treatment. Age 12–17 (vs <5 years; 

aOR 1.59 [95%CI 1.32–1.92]), non-English/non-Spanish language preference (vs English; aOR 

1.34 [95%CI 1.02–1.76]), and receiving an IGRA (vs TST, aOR 30.82 [95%CI 21.92–43.34]) 

were associated with increased odds testing completion. Odds of testing completion decreased 

as census tract social vulnerability index quartile increased (i.e., social vulnerability worsened; 

most vulnerable quartile vs least vulnerable quartile, aOR 0.77 [95%CI 0.60–0.99]). Odds of 

completing treatment after starting treatment were higher among females (vs males, aOR 2.35 

[95%CI 1.14–4.85]) and were lower among patients starting treatment in a primary care clinic (vs 

TB/infectious diseases clinic, aOR 0.44 [95%CI 0.27–0.71]).

Conclusions: Among children with a high proportion of negative TB infection tests, completion 

of testing was high, but completion of evaluation and treatment was moderate. Transitions towards 

IGRA testing will improve testing completion; interventions addressing social determinants of 

health are important to improve treatment completion.
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Introduction:

Approximately one-quarter of the world’s population, including >1 million children and 

adolescents in the US, is estimated to have latent tuberculosis (TB) infection.1, 2 In the 

US, TB remains an infection predominantly affecting socially marginalized groups, such as 

immigrants,2 who often face social and structural barriers to accessing TB care.3 Diagnosis 

and treatment of TB infection is a cornerstone of global efforts to eradicate TB4 and is 

especially critical for children and adolescents, given their increased risk of progression to 

TB disease.5

Identification and treatment of TB infection require completion of multiple steps collectively 

termed the TB infection care cascade. The TB infection care cascade typically begins with 

identification of individuals at risk for TB infection and concludes with completion of 

treatment6. In our analysis, we assessed five steps of the care cascade: 1) completion of 

testing, 2) completion of medical evaluation (with physical exam and chest radiograph) 

after a positive test to exclude TB disease, 3) documentation of a recommendation to start 

treatment, 4) treatment initiation, and 5) treatment completion. Prior studies have shown 
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attrition between each of these steps.6, 7 Children who do not appropriately complete the 

care cascade remain susceptible to missed diagnosis or progression to TB disease. Reducing 

attrition from the cascade is thus critical to TB eradication.

Understanding factors that predict cascade completion can guide improvement of TB 

infection care delivery. Prior studies have focused primarily on the final step of the 

cascade—from treatment initiation to treatment completion.7 However, there is an ongoing 

knowledge gap for how to identify, diagnose, and engage at risk children and adolescents 

before they begin therapy. In addition, most pediatric TB infection care cascade studies 

have examined cascade completion within a single clinical setting, such as a TB clinic or 

primary care practice.7 These studies provide rich insights into patient-specific factors that 

may affect retention, but they are not designed to examine broader health system factors 

that may affect retention, such as transitions between care settings or variation in practice. 

Identifying community and health-system factors associated with cascade completion is 

particularly important to strengthen care for underserved and immigrant populations who 

already experience challenges accessing routine care in the US.8

Our objectives were to understand completion of each step in the TB infection care cascade 

and to identify individual/community-level (pertaining to patient and family characteristics) 

and health system-level (pertaining to clinicians and their care decisions and clinical 

environments) predictors of testing and treatment completion within two large health 

networks in Boston, Massachusetts. We aimed to compare different care practices and trace 

children and families as they navigated between clinics and clinicians.

Methods

Setting and subject selection

We conducted a retrospective cohort study of patients ages 0–17 years old who had a 

TB infection test obtained between January 1, 2017 and May 31, 2019 within two health 

systems in a low TB-prevalence setting (Boston, USA). The end date was selected to allow 

patients who were diagnosed with TB infection to complete 9 months of treatment prior 

to the COVID-19 pandemic. Tests were identified using automated searches of these health 

systems’ electronic data warehouses; searches were designed to capture all tuberculin skin 

tests (TSTs) and interferon gamma release assays (IGRAs) that were recorded in medication 

administration records and laboratory records. Because some patients received multiple TB 

tests during our study period, and because each test could be followed by completion or 

non-completion of the cascade, the unit of analysis in our study was the individual test. For 

patients with a positive test, subsequent tests were excluded.

One hospital system includes a 475-bed quaternary care pediatric hospital; affiliated primary 

care clinics within the hospital, elsewhere in Boston, and in Boston suburbs; and multiple 

subspecialty clinics located in the main hospital and in Boston suburbs. The second 

health system includes five hospitals, including an approximately 100-bed pediatric hospital-

within-a-hospital; a network of pediatric, internal medicine-pediatric, and family medicine 

primary care community-based clinics; and multiple subspecialty clinics located in Boston 

and its suburbs in Massachusetts.
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Outcomes

The primary outcome was completion of individual steps of the care cascade. Because of 

the limitations of the electronic health record for determining all individuals at risk for TB 

infection, our cascade starts with a TB infection test being ordered. At each cascade step, 

patients could appropriately exit the cascade (e.g., if the test was negative), appropriately 

complete the step and move to the next step, or inappropriately exit the cascade at that 

step. Ways in which patients could appropriately complete the cascade are summarized in 

Table 1, online. Optimal follow-up after an indeterminate/borderline/invalid IGRA has not 

been defined;9 the CDC recommends repeat testing when concern for TB persists.10 We 

considered these tests to be complete if they were followed by a repeat test within 60 days 

of the initial test, because it was often difficult to determine suspected pretest suspicion 

of TB and because 60 days approximates the window period for IGRA conversion after 

an exposure.11 Patients who were diagnosed with mycobacterial disease were considered 

to have completed the testing step because subsequent diagnostics and treatment for TB 

disease follow a distinct cascade.12 Because pharmacy records were not available, treatment 

completion was determined by review of clinical documentation in the medical record. We 

determined completion and non-completion of specific steps by electronic chart review and 

clinician documentation. Patients who interrupted care after a positive test could complete 

the care cascade if care was subsequently re-established and treatment was completed within 

the study period within the two healthcare systems.

To understand predictors of completion of key steps of the cascade, secondary outcomes 

were 1) completion of testing, and 2) completion of treatment after it was initiated. These 

secondary outcomes were selected because they represented the points in the cascade 

with clinical importance, potentially distinct factors affecting losses, and the most losses 

numerically.

Predictors of completion of cascade steps

Hypothesized predictors were based on the socioecological model.13 Specifically, we 

selected predictors that could be ascertained from the electronic health record and that 

reflected individual- and community-level factors (age, sex, Social Vulnerability Index 

[SVI]14, preferred language, insurance type) and health system-level factors (testing location 

type, testing modality) that could be associated with completion of cascade steps. In 

analyses of treatment completion, we included additional health system-level factors 

(treatment prescriber type, rifamycin-based initial therapy).

Sex at birth, as recorded in the electronic health record, was reported as a binary variable 

(male or female). We recorded preferred language as English, Spanish, or other language, 

because 90% of families reported English or Spanish as their preferred language. We defined 

insurance type as public insurance (Medicaid), private insurance, other insurance (including 

Medicare), and no listed insurance. The Centers for Disease Control and Prevention (CDC)/

Agency for Toxic Substances and Disease Registry (ATSDR) SVI is a standardized rating 

of census tract-level vulnerability, comprised of 15 indicators measured in the American 

Community Survey and reported as a ranking of census tracts in the state in relation to 

each other.14 To compute SVI, we geocoded patients’ addresses using ArcGIS Pro v10.3, 
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using a match score ≥80 as an indicator of an acceptable match.15 We then measured each 

address’s census tract to determine SVI percentile, based on the 2018 five-year estimates 

from the American Community Survey. Location of testing was defined as primary care 

clinic versus other (i.e., subspecialty clinic or inpatient). We defined testing type as TST or 

IGRA. For patients who started treatment, we defined initial treatment location as primary 

care versus TB/infectious diseases clinic (including inpatient settings under the auspices of 

TB/infectious diseases clinicians), based on the location of the initial treatment prescription. 

We categorized initial treatment type as either containing or excluding rifamycins.

Inclusion and exclusion

For our primary analysis, we excluded tests that were obtained to confirm previous positive 

test results, to prevent duplicate inclusion of patients with positive results. Patients who were 

found to have false positive results or who were diagnosed with mycobacterial disease 

exited the cascade at the diagnostic evaluation step; we retained these patients in the 

initial steps of the cascade because the disposition of these initial tests was relevant to 

our understanding of the cascade. From our analysis of secondary outcomes, we excluded all 

patients with addresses outside of Massachusetts (to enable SVI comparisons using census 

tract data benchmarked to the Massachusetts population), patients with missing demographic 

information, and patients for whom SVI could not be computed.

Missing data

Because testing location type was missing for approximately 24% of tests, we employed 

multiple imputation to estimate this variable in analysis of testing completion. To perform 

multiple imputation, we used a logit model and test completion (the outcome variable), 

testing modality, age, month of testing, insurance, language, SVI quartile, and sex as 

predictors to create 30 imputation datasets, which were analyzed with Rubin’s combination 

rules. In analysis of treatment completion, patients who moved away from the Boston area 

after starting TB infection treatment were considered to have completed therapy, because 

documentation of their move in the medical record suggested a high degree of engagement 

with their treating teams. Sensitivity analysis explored this assumption, and these patients 

are specifically demarcated throughout the cascade and predictor analyses.

Statistical analyses

We used proportions and 95% confidence intervals to describe completion of each step of 

the cascade. Because patients could receive multiple TB tests during our time frame, to 

identify predictors of test completion while accounting for within-patient auto-correlation, 

we used bivariable and multivariable generalized estimating equations with a logit link, 

exchangeable correlation structure, and robust standard errors to measure associations. We 

first determined bivariable associations between predictors and outcomes using generalized 

estimating equations and a joint Wald test. Predictors that were significant at a level of P<0.2 

in univariable analysis were included in a multivariable model. This analysis was conducted 

using the multiply imputed testing location type. We also conducted sensitivity analyses with 

complete cases (i.e., only analyzing individuals with a known testing location type) using 

mixed effects logistic regression, accounting for clustering within clinics and within patients 

who were nested within clinics and had multiple tests.
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To analyze predictors of treatment completion, we used bivariable and multivariable mixed 

effects logistic regression, accounting for clustering within the clinic where initial treatment 

was prescribed. Variables that were significant in univariable regression using a joint Wald 

test and level of P<0.2 were included in multivariable models. We did not account for 

within-patient autocorrelation in analysis of treatment completion because patients could 

only have a single positive TB test in our study. Finally, we conducted a sensitivity analysis 

in which patients who moved out of catchment during therapy were considered not to have 

completed therapy.

Analyses were conducted using Stata v17.0.

Ethical review

The Boston Children’s Hospital (Protocol P00037273) and MassGeneral Brigham (Protocol 

2020P003660) institutional review boards approved this study. Informed consent was 

waived.

Results

Patient characteristics

We identified 13,378 tests obtained within our study timeframe. After excluding 25 

confirmatory positive tests, a total of 13,353 tests among 11,622 patients were included in 

the primary analysis of the care cascade (Figure 1). Patient characteristics, reported for each 

test, are presented in Table 2. Tests were obtained in 161 settings, including 49 primary care 

clinics and 112 outpatient subspecialty clinics or inpatient settings (including emergency 

departments). Treatment was initiated in 28 settings, including 20 primary care clinics, 

6 TB/infectious disease clinics, and 2 inpatient settings (under auspices of TB/infectious 

disease clinicians).

Testing completion and results (Step 1)

Figure 2 shows completion of care cascade steps relevant for testing. Of 13,353 included 

tests (5,302 TST and 8,051 IGRA), 12,537 (93.9% [95%CI 93.5–94.3%]) were completed, 

while 816 (6.1% [95%CI 5.7–6.5%]) were not completed. Among completed tests, 12,170 

tests (91.1%) were negative, 89 (0.7%) were borderline/indeterminate/invalid IGRAs and 

were followed within 60 days by a negative TB infection test, and 278 tests (2.1%) were 

positive. Of the 816 tests that were not completed, 774 (94.9%) were TSTs, and 42 

(5.1%) were IGRAs that were borderline/indeterminate/invalid and were not followed by 

a subsequent test. Of the 5,302 TSTs obtained, 14.6% were not read, while 0.7% of the 

8,051 IGRAs did not produce a valid result and were not followed with a second TB test.

Of the 278 positive tests obtained, 72 were determined to be false positives by the ordering 

clinicians (56 had subsequent negative testing; 8 were deemed to have low likelihood of 

TB infection with no subsequent testing; and 8 were found to have previously completed 

treatment for TB disease or infection). An additional 6 patients were diagnosed with TB 

disease, and 1 was diagnosed with non-tuberculous mycobacterial disease.
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TB infection evaluation and diagnosis (Step 2)

A total of 199 patients with positive TB infection tests were eligible for subsequent 

evaluation for TB infection. Of these 186 (93.5% [95%CI 89.0–96.2%]) completed 

evaluation, while 13 (6.5% [95%CI 3.8–11.0%]) did not.

Treatment recommendation, initiation, and completion (Step 3–5)

Of the 186 patients who completed evaluation, 167 (89.8% [95%CI 84.5–93.4%]) had a 

treatment recommendation documented, while 19 (10.2% [95%CI 6.6–15.5%]) did not. 

Among the 19 patients for whom no treatment recommendation was documented, none were 

prescribed TB infection therapy. Of the 167 patients with a treatment recommendation, 166 

were recommended to start treatment, and 1 was recommended to delay treatment due to 

pregnancy.

Of the 166 patients recommended to start treatment, 161 started (97.0% [95%CI 92.9–

98.7%]), while 5 did not start (3.0% [95%CI 1.3–7.1%]).

Among the 161 patients who started therapy, 106 (65.8% [95%CI 51.8–72.8%]) had 

documented treatment completion, 44 (27.3% [95%CI 21.0–34.8%]) did not complete 

treatment, and 11 (6.8% [95%CI 3.8–12.0%]) moved away while treatment was ongoing. 

Most patients (107, 66.5%) were prescribed an initial regimen of 9 months of isoniazid, 

while 46 (28.6%) patients were initially prescribed 4 months of rifampin, and 8 (5.0%) 

were prescribed 3 months of isoniazid plus rifapentine. Table 3 online shows treatment 

completion by initial regimen. Most patients (123, 76.4%) received an initial treatment 

prescription in primary care clinics, compared to 28 (17.4%) in dedicated TB or infectious 

diseases clinics, and 10 (6.2%) in other settings.

Overall, among the 199 patients eligible for TB infection evaluation, 118 (59.3% [95%CI 

52.3–65.9%]) completed treatment or were recommended to not start treatment.

Predictors of testing completion and treatment completion

Because potential factors affecting testing completion were likely distinct from factors 

affecting treatment completion, we first analyzed predictors of test completion. Table 4 

summarizes characteristics for the 12,150 tests (among 10,667 patients) with complete 

demographic information included in the predictor analysis (comprising 91.0% of the 

cascade cohort). In multivariable analysis, age 12–17 years (vs 0-<5 years; aOR 1.59 [95% 

CI 1.32–1.92]), preferring a language that was not English or Spanish (vs English; aOR 1.34 

[95%CI 1.02–1.76]), and receiving an IGRA (vs TST, aOR 30.82 [95% CI 21.92–43.34]) 

were associated with increased odds of test completion (Table 4). Odds of test completion 

decreased in a dose-dependent fashion as census tract SVI quartile increased (i.e., social 

vulnerability worsened), but the association was only significant for the most vulnerable SVI 

quartile (vs. least vulnerable quartile, aOR 0.77 [95% CI 0.60–0.99]). In a complete case 

analysis accounting for within-clinic clustering, SVI quartile and language were no longer 

significantly associated with testing completion (table 5, online). In the sensitivity analysis, 

the within-clinic intra-class correlation coefficient (ICC) was 0.09 (95%CI 0.03–0.24).
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A total of 156 patients were included in analysis of predictors of treatment completion 

after treatment initiation. Female sex (aOR 2.35 [95%CI 1.11–4.98]) was independently 

associated with increased odds of treatment completion, while treatment initiation in a 

primary care clinic (versus TB/infectious diseases clinic) was associated with decreased 

odds of completion (aOR 0.44 [95%CI 0.27–0.71]) in the multivariable model (Table 6, 

online). The ICC for treatment initiation clinic was <0.001 (95%CI <0.001-<0.001). In a 

sensitivity analysis in which patients who moved out of catchment were considered not 

to have completed treatment, sex was no longer significantly associated with treatment 

completion (Table 7, online).

Discussion

In this large cohort study of the pediatric TB infection care cascade in two health systems 

in Massachusetts, losses occurred at each cascade step, with most attrition occurring at 

the initial diagnostic step. Age, language, social vulnerability, and testing modality were 

associated with testing (non)completion, and sex and clinic type were associated with 

treatment (non)completion.

Attrition in the diagnostic step occurred primarily among children who did not return 

for a TST read: 14.6% of TSTs were not read. Previously-identified factors associated 

with failure to return for a TST read include age,16, 17 race/ethnicity,17 parent language 

and citizenship,18 forgetfulness,19 and transportation barriers.19 Non-completion of TST 

has contributed to others’ recommendation to discontinue the use of TSTs when IGRAs 

are available.20 Furthermore, 25.9% of positive tests were assessed to be falsely positive 

by treating clinicians, commonly in patients with a positive TST and negative IGRA. In 

contrast, invalid, indeterminate, or borderline IGRAs accounted for only 131/8,051 (1.6%) 

IGRA results in our study, though only 89/131 (67.9%) of these tests were followed by a 

subsequent positive or negative test. Taken together, our findings lend support to shifting 

away from TST-based screening when IGRAs are available and a high proportion of at-risk 

children have been BCG-vaccinated.21

In contrast to a recent multicenter study of the TB infection care cascade among adults 

and children in the US,22 we found that a relatively high proportion of eligible children 

started treatment. Our finding was potentially related to greater promotion of treatment for 

children (vs adults) with TB infection because of higher rates of progression to TB disease. 

Similar to prior studies among adults and children,6, 7, 23 we found that a high proportion of 

patients who started treatment did not complete it, highlighting the need for evaluation and 

implementation of strategies to improve adherence and treatment engagement for children.

Our finding that age 12–17 years old was associated with testing completion could be due 

to factors such as ability to independently return to clinic or incentive to receive test results 

(e.g. as required for schools, jobs or volunteer opportunities). Prior studies have found 

conflicting effects of age on completion of multiple steps of the care cascade.16, 17, 24–26 

In our study, age did not significantly predict completion after starting treatment. 

Heterogeneous results among studies likely reflect varying effects of caregiver influence, 
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child development and emerging autonomy, and social and environmental influences on 

children and their caregivers.

We used the CDC/ATSDR SVI—initially designed to identify areas with high vulnerability 

during natural disasters14—as a proxy for social and structural barriers to TB care and 

found social vulnerability to correlate with lower completion of testing. The SVI has been 

used to study disparities in access to and utilization of care,27–29 and its components 

conceptually relate to multiple pathways relevant for the TB infection care cascade, 

including transportation, poverty and economic strain, and language barrier and minority 

status. Our use of SVI at the census tract level enabled categorization of social vulnerability 

among our population, which largely resided in the Boston area and itself has a high 

degree of socioeconomic heterogeneity. TB is known to highlight health disparities in the 

US,30–32 and TB is typically viewed through a lens of inequitable disease incidence by 

race, ethnicity, and nativity. Yet our findings indicate that social disparities in access to 

care may layer on top of the inequities that lead to disparities in TB incidence. Our study 

also suggests that area-based markers of deprivation may aid in targeting interventions to 

promote cascade retention. The finding that non-English/non-Spanish language preference 

was associated with increased odds of testing completion suggests that social and economic 

factors related to access to care are complex and likely affect diverse populations—and 

particularly immigrant groups—differently.

We found that patients who started treatment in primary care clinics had lower odds 

of treatment completion compared with patients who started treatment in TB/infectious 

diseases clinics. Two studies from Canada have yielded conflicting results on whether 

prescriber type (primary care clinicians or family medicine physicians versus other 

clinicians) is associated with treatment completion.33, 34 While our findings indicate that 

TB/infectious diseases clinics may more optimally retain patients in care than primary care 

clinics, our results must also be considered in light of potential selection biases, whereby 

patients who were able to attend a referral visit to a TB/infectious diseases clinic may 

have had higher propensity to engage in care in the first place. The question of whether 

decentralized TB treatment care leads to improved retention for children could be addressed 

though larger studies that control for factors that may be associated with treatment initiation 

in primary care vs dedicated TB/infectious disease clinics.

We found no association between rifamycin-based treatment and treatment completion, 

contrary to a large body of high-quality evidence.35, 36 Lack of association in our study may 

have been due to small numbers of patients receiving rifamycin-based treatment. Notably, 

we did not determine medication adherence or changes to treatment regimen after initiation, 

which may have masked the effects of rifamycin-based treatment. We also did not find that 

testing modality affected treatment completion, in contrast to a recent claims-based study 

suggesting higher treatment completion among patients tested with IGRA.37 Additional 

strategies that have been shown to improve cascade retention, such as patient incentives, 

protocolized reminder systems, and home visits,38 were not routinely used in our clinical 

settings. While other evidence-based strategies, such as patient and clinician education,38 

were likely employed in some settings, our study highlights the need to understand practice 
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variation and identify opportunities for care improvement that can be implemented across 

the whole system of TB infection care.

Our findings also suggest a need to improve targeted TB testing. After removing 

confirmatory positive tests, the overall test positivity rate in our study was 2.1%. This 

rate is approximately the same as the estimated state-wide prevalence of TB infection 

in Massachusetts.39 Targeted TB testing is recommended to limit testing and treatment 

to those individuals most likely to benefit from TB infection treatment.9, 11 Despite 

these recommendations, our findings suggest need for improvements in use of screening 

algorithms, or in the algorithms themselves, to increase the pre-test probability of infection 

among populations who receive testing. We were not able to determine indications 

for testing, which limits our ability to determine if positivity rates varied among sub-

populations. We were also unable to determine the population at risk for TB infection; 

development of strategies to characterize this risk group in large populations like ours would 

be valuable for understanding gaps in the cascade that occur before testing.

Our study has limitations. First, entry into our cohort was determined by receiving a TB 

test; patients who were at risk for TB but not tested were not included in our cascade, 

though missed opportunities to identify at-risk patients or obtain testing likely constitutes a 

large portion of attrition from the TB infection care cascade overall.6 Second, our inability 

to determine indications for testing along with the lack of known TB risk factors in our 

cohort prevented us from determining if specific risk groups were more or less likely to 

complete the cascade. Additionally, we were unable to distinguish testing for TB infection 

from testing for TB disease, though the initial steps of the care cascade (starting with TST 

and/or IGRA) are typically the same for both forms of TB. Third, we relied on clinician 

documentation of completion of care cascade steps. It is possible that patients completed 

specific steps of the cascade without adequate documentation, leading to bias through 

outcome misclassification. Fourth, as a retrospective cohort study based on electronic health 

record data, there is risk for selection bias (in which patients with risks for attrition from the 

cascade may not have been tested in the first place, and thus would not have been included 

in our cohort), and misclassification of exposures arising from our use of retrospective data 

recorded for administrative rather than research purposes (e.g. address, insurance status, 

language). Fifth, access to and engagement in healthcare activity is a complex phenomenon 

involving multiple levels of individual and societal characteristics.13 Yet we were not able 

to capture data on many possible factors related to cascade completion, such as family 

and other social support, immigration status, income, education, and health beliefs, which 

may have contributed to residual confounding or have been independent predictors of 

completion of specific cascade steps. Sixth, we restricted our analysis to completion of 

the care cascade prior to onset of the COVID-19 pandemic. COVID-19 has disrupted TB 

testing and diagnosis,40 though health systems designed to improve care access during the 

pandemic may facilitate retention in care for children with TB infection. Finally, Boston 

is a medium-sized urban center with a large immigrant population, extensive healthcare 

infrastructure (including multiple state-sponsored TB clinics within the city and suburbs), 

and a state-sponsored public health insurance program. Our results may be generalizable to 

other similar urban settings, but may be less generalizable to communities with different 
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levels of access to primary and subspecialty care, different health insurance access, and 

different population composition.

Our study also has key strengths. We measured completion of the care cascade among 

more than 11,000 patients within two large health systems serving a population at risk of 

disparities in care access: 32% of tests were obtained in patients living in census tracts 

with highest quartile of social vulnerability in Massachusetts; 64% of tests were obtained 

among patients using public insurance; and 38% of tests were obtained among families 

who preferred a language other than English. Our design enabled us to compare testing and 

treatment delivery across multiple clinical settings. Our use of SVI enabled a quantitative 

assessment of social determinants of health, and demonstrates how address can be used to 

evaluate adversity through the electronic health record. The size of our cohort also powered 

our assessment of multiple risk factors for completion of key steps of the cascade.

In conclusion, we identified attrition at all steps of the pediatric TB infection care cascade. 

Interventions to improve retention in the care cascade should improve return after TST reads 

(or transition to IGRA-based testing), address mechanisms by which social and demographic 

factors contribute to testing and treatment attrition, and further examine clinical variability 

in practice and accessibility to understand differences in completion by care setting. Taken 

together, interventions should aim to eliminate inequitable care for children with this already 

inequitable disease.
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TB tuberculosis
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Figure 1. 
Summary of analyzed tests and patients.
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Figure 2. 
Attrition from and completion of the TB infection care cascade.

*Includes the 1 patient who was recommended to not start treatment.

†Includes 11 patients who moved away during treatment

Campbell et al. Page 16

J Pediatr. Author manuscript; available in PMC 2023 July 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Campbell et al. Page 17

Ta
b

le
 1

, o
n

lin
e.

D
ef

in
iti

on
s 

of
 a

pp
ro

pr
ia

te
 c

on
tin

ua
tio

n 
th

ro
ug

h 
an

d 
ex

it 
fr

om
 th

e 
ca

re
 c

as
ca

de
.

A
pp

ro
pr

ia
te

 c
on

ti
nu

at
io

n 
to

 t
he

 n
ex

t 
st

ep
E

xi
t 

fr
om

 t
he

 c
as

ca
de

St
ep

T
ST

IG
R

A

St
ep

 1
: 

Te
st

in
g

T
ST

 p
la

nt
ed

 A
N

D
 T

ST
 r

es
ul

t r
ec

or
de

d1

IG
R

A
 o

bt
ai

ne
d 

A
N

D
 v

al
id

 r
es

ul
t r

ep
or

te
d.

 
R

ep
ea

t t
es

t (
IG

R
A

 o
r 

T
ST

) 
ob

ta
in

ed
 w

ith
in

 6
0 

da
ys

 f
or

 in
va

lid
/

in
de

te
rm

in
at

e/
bo

rd
er

lin
e 

re
su

lts
.2

Te
st

in
g 

ne
ga

tiv
e 

O
R

 p
os

iti
ve

 te
st

 d
ee

m
ed

 to
 b

e 
fa

ls
el

y 
po

si
tiv

eO
R

 d
ia

gn
os

ed
 w

ith
 m

yc
ob

ac
te

ri
al

 
di

se
as

e

St
ep

 2
: 

E
va

lu
at

io
n

C
he

st
 im

ag
in

g 
A

N
D

 m
ed

ic
al

 e
xa

m
 c

om
pl

et
ed

St
ep

 3
: 

T
re

at
m

en
t 

re
co

m
m

en
de

d
D

oc
um

en
te

d 
T

B
 in

fe
ct

io
n 

tr
ea

tm
en

t r
ec

om
m

en
da

tio
n

D
oc

um
en

te
d 

cl
in

ic
ia

n 
de

ci
si

on
 to

 n
ot

 tr
ea

t

St
ep

 4
: 

T
re

at
m

en
t 

in
it

ia
ti

on
T

B
 in

fe
ct

io
n 

tr
ea

tm
en

t p
re

sc
ri

be
d

St
ep

 5
: 

T
re

at
m

en
t 

co
m

pl
et

io
n

T
re

at
m

en
t c

om
pl

et
io

n 
do

cu
m

en
te

d 
by

 c
lin

ic
ia

n3

1 To
 s

uc
ce

ss
fu

lly
 r

ec
ei

ve
 a

 T
ST

 r
es

ul
t, 

th
e 

te
st

 w
as

 r
ea

d 
w

ith
in

 4
8–

72
 h

ou
rs

 o
f 

pl
ac

em
en

t.

2 60
 d

ay
s 

w
as

 s
el

ec
te

d 
as

 th
e 

in
te

rv
al

 f
or

 r
ep

ea
tin

g 
an

 in
va

lid
/in

de
te

rm
in

at
e/

bo
rd

er
lin

e 
IG

R
A

 b
ec

au
se

 6
0 

da
ys

 a
pp

ro
xi

m
at

es
 th

e 
w

in
do

w
 p

er
io

d 
fo

r 
IG

R
A

 c
on

ve
rs

io
n 

af
te

r 
an

 e
xp

os
ur

e.

3 In
 c

as
es

 o
f 

tr
ea

tm
en

t i
nt

er
ru

pt
io

n,
 p

at
ie

nt
s 

co
ul

d 
be

 la
be

le
d 

as
 c

om
pl

et
in

g 
tr

ea
tm

en
t i

f 
tr

ea
tm

en
t w

as
 s

ub
se

qu
en

tly
 r

e-
in

iti
at

ed
 a

nd
 c

om
pl

et
ed

, p
er

 d
oc

um
en

ta
tio

n 
of

 tr
ea

tin
g 

cl
in

ic
ia

ns
.

J Pediatr. Author manuscript; available in PMC 2023 July 11.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Campbell et al. Page 18

Table 2.

Description of patient characteristics associated with each test included in the care cascade.

Total tests (N = 13,353)

Age, years

 0 - <5 3,516 (26.3%)

 5 - <12 4,113 (30.8%)

 12 – 17 5,724 (42.9%)

Sex

 Male 6,367 (47.7%)

 Female 6,986 (52.3%)

Social Vulnerability Index (n, %)

 Quartile 1 (least vulnerable) 2,625 (19.7%)

 Quartile 2 2,474 (18.5%)

 Quartile 3 3,106 (23.3%)

 Quartile 4 (most vulnerable) 3,985 (29.8%)

 Missing 1,163 (8.71%)

Preferred language

 English 8,181 (61.3%)

 Spanish 3,591 (26.9%)

 Other 1,343 (10.1%)

 Missing 238 (1.8%)

Insurance type

 Public 8,193 (61.4%)

 Private 4,911 (36.8%)

 Other 175 (1.3%)

 None listed 74 (0.6%)

Testing type

 TST 5,302 (39.7%)

 IGRA 8,051 (60.3%)

Testing location type

 Primary care 8,262 (61.9%)

 Subspecialty/inpatient 2,439 (18.3%)

 Missing 2,652 (19.9%)
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Online table 3.

Treatment completion status by initial treatment regimen.

Treatment regimen Complete Moved away1 Did not complete Total

9H 69 (64.5%) 9 (8.4%) 29 (27.1%) 107

4R 32 (69.6%) 1 (2.2%) 13 (28.3%) 46

3HP 5 (62.5%) 1 (12.5%) 2 (25.0%) 8

Total 106 (65.8%) 11 (6.8%) 44 (27.3%) 161

Abbreviations: 9H – 9 months isoniazid; 4R – 4 months of rifampin; 3HP – 3 months of isoniazid plus rifapentine

1
In the primary analysis, patients who moved out of catchment while on treatment were considered to have completed therapy.
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