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Abstract
In the United States (US), tuberculosis elimination strategies include scaling up latent tuberculosis infection (LTBI) diagnosis 
and treatment for persons at risk of progression to tuberculosis disease. The Massachusetts Department of Public Health 
partnered with Lynn Community Health Center to provide care to patients with LTBI who were born outside the US. The 
electronic health record was modified to facilitate collection of data elements for public health assessment of the LTBI care 
cascade. Among health center patients born outside the US, testing for tuberculosis infection increased by over 190%. From 
October 1, 2016 to March 21, 2019, 8827 patients were screened and 1368 (15.5%) were diagnosed with LTBI. Using the 
electronic health record, we documented treatment completion for 645/1368 (47.1%) patients. The greatest drop-offs occurred 
between testing for TB infection and clinical evaluation after a positive test (24.3%) and between the recommendation for 
LTBI treatment and completion of a treatment course (22.8%). Tuberculosis care delivery was embedded in the primary 
care medical home, bringing patient-centered care to those at high risk for loss to follow up. The partnership between public 
health and the community health center promoted quality improvement.
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Background

Tuberculosis (TB) disease caused 1.5 million deaths glob-
ally in 2020 [1]. In the United States (US), the burden of 
TB disease is concentrated in populations born outside the 
US (non-US born) [2]. Identification and treatment of latent 
tuberculosis infection (LTBI) can prevent the development 
of TB disease [3]. In Massachusetts, an estimated 190,904 
persons (2.9% of residents) live with LTBI, with 84% of 
infections in non-US born populations [4]. Broad scale-up 

of LTBI screening and treatment [5] in non-US born indi-
viduals is a key strategy in reducing health disparities and 
achieving TB elimination [6].

The US Preventive Services Task Force recommends 
screening for LTBI in populations at increased risk as part 
of routine preventive care [7]. The LTBI care cascade is a 
challenging multi-step process, from screening through diag-
nostic testing to treatment. The proportion of US patients 
who complete LTBI treatment has been observed to be as 
low as 10% [8], with drop-off at each step along the cascade. 
Providing patient-centered LTBI care in federally qualified 
health centers (FQHCs) to non-US born individuals may 
prevent drop-off and improve treatment completion. Care 
for LTBI should include standardized screening approaches, 
testing with an interferon-gamma release assay (IGRA), and 
treatment with the shortest possible regimen. Establishing 
an efficient LTBI care cascade at the patient’s medical home, 
coupled with enhanced epidemiologic surveillance and pro-
grammatic public health support could advance TB elimina-
tion in the US [9].

Lynn, Massachusetts is a mid-size city north of Boston; 
36.7% of 101,253 residents are non-US born [10]. Most of 
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the city falls into the highest quartile of the 2018 Social 
Vulnerability Index (SVI) across its four component themes 
[11]. Lynn Community Health Center (CHC) cares for over 
43,000 patients: 95% live below 200% of the federal poverty 
limit, 82% identify as racial and/or ethnic minority, 53% are 
best served in a language other than English, and 17% are 
uninsured [12]. During 2012–2016, TB disease incidence 
among Lynn residents was 10.2/100,000, 340% higher than 
the statewide incidence.

The Massachusetts Department of Public Health (MDPH) 
partnered with Lynn CHC to scale up targeted LTBI test-
ing and treatment for their non-US born patients within the 
CHC, rather than referring these patients to a TB specialty 
clinic for care. The three-year TB Elimination through 
Screening and Treatment (TBEST) demonstration project 
sought to reach patients who were not screened through rou-
tine public health activities such as refugee medical screen-
ing or TB contact investigation.

Methods

TBEST was implemented in October 2016. The Lynn CHC 
TB team was composed of two physicians, one nurse, and 
two community health workers (CHWs). A patient naviga-
tor (PN) was added in year two. Project funds supported 

clinician administrative time and non-clinical staff. Pri-
mary care providers (PCPs) and staff across Lynn CHC 
were oriented to LTBI and TBEST. Patient registration 
was modified to assess the patient’s country of birth. 
Health center PCPs were encouraged to screen non-US 
born patients for TB during routine clinical encounters. 
All subsequent encounters in the LTBI care cascade 
also took place at Lynn CHC, supported by the TB team 
(Fig. 1). CHWs provided LTBI education and addressed 
barriers to retention in care. PNs assisted with arranging 
appointments and ensuring access to health benefits.

The MDPH Institutional Review Board determined this 
project to be non-research.

Data Collection

The Lynn CHC electronic health record (EHR) was exam-
ined for data elements essential to the LTBI care cascade 
based on a prioritized data dictionary. An EHR flowsheet 
added by Lynn CHC facilitated the collection of data ele-
ments utilized for the public health assessment of the LTBI 
care cascade. Minor updates were made to the data dic-
tionary and EHR as needs were identified over the course 
of the project.

Risk assessment Test Evaluate – Treatment Start – Treatment Complete

Conduct risk assessment (RA): 
Pa�ent born outside US?

Order IGRAa [TSTb] if no history of 
tes�ng in EMR

Primary 
Care 
Provider

(Medical 
home)

NO

Update EMR
RA done, test not

indicated

YES NEG

Document in 
EMR

POS

Provide pa�ent 
educa�on

Order CXRc

Refer to TB Team

TB Team: 
Clinical

MD, RN

Provide evalua�ond

Review medica�on op�onse; use short-course regimensf when possible. 
Flexible appointments for adherence, safety, and DOT visits.

Review referral queue
CXR done?

TB Team: 
Pa�ent 
Support

NO

Provide naviga�on, 
educa�on, follow-

up

YES

Schedule TB team 
appointment(s)

Engage pa�ents between visits to provide 
educa�on, encouragement, appointment 
reminders. 
Navigate linkage with other FQHC services. 
Provide registra�on at point of care to 
speed visit �me.

Health 
benefits

Pa�ents referred to FQHC health benefits team for insurance naviga�on and 
re-enrollment support.

TB team provides health benefits naviga�on.

Pharmacy Pharmacy enrolled in MDPH TB Drug Assistance Program. Pa�ents have no out-of-pocket costs for 
TB drugs.

Electronic 
Health 
Record 
(OCHINg)

Modified to collect country of 
birth; pa�ent registra�on staff 
update if missing.

Structured field to document TST 
date, result.
Posi�ve lab results flagged.
Internal referral to TB team.
Internal order for CXR.

Track CXR order. Review other diagnoses, labs, treatment plans. Messaging between providers.
Flowsheet to collect CXR result, evalua�on outcome [diagnosis], treatment decision [reason]. 
Flowsheet to document adherence and safety visits, medica�ons.
Document outcome: LTBI treatment complete or update problem list to LTBI, treatment not 
completed.

Other 
supports

LTBI posters in English and Spanish throughout health center. 
Key messages: (1) Ge�ng tested and treated for TB infec�on is a lot easier than it used to be. (2) Ge�ng tested and treated for TB infec�on can help keep you and your family 
healthy. (3) I didn’t know I had TB infec�on un�l I got tested. My doctor gave me medicine to cure it so I wouldn’t get sick.

Fig. 1   Lynn Community Health Center LTBI care cascade work-
flow.  aQuantiFERON Gold in-tube (QFT-GIT).  bTuberculin skin 
test.  cChest X-ray; radiology on-site, no appointment required.  dSee 
www.​cdc.​gov/​tb/​topic/​testi​ng/​diagn​osing​ltbi.​htm for evaluation 

scope.  eSee https://​www.​cdc.​gov/​mmwr/​volum​es/​69/​rr/​rr690​1a1.​
htm?s_​cid=​rr690​1a1_w.  fFour months self-administered daily 
rifampin (4R) or isoniazid and rifapentine once weekly by directly 
observed therapy for 12 weeks (3HP).  gSee https://​ochin.​org  

https://www.cdc.gov/tb/topic/testing/diagnosingltbi.htm
https://www.cdc.gov/mmwr/volumes/69/rr/rr6901a1.htm?s_cid=rr6901a1_w
https://www.cdc.gov/mmwr/volumes/69/rr/rr6901a1.htm?s_cid=rr6901a1_w
https://ochin.org
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Data Analysis

Data were extracted from the EHR as a comma-separated 
values (CSV) file, readable by Microsoft Excel; the file was 
transmitted securely to MDPH bi-weekly. EHR data were 
processed using SAS v9.4. Surveillance information was 
uploaded to MAVEN, the MDPH infectious disease surveil-
lance and case management system. Descriptive statistics 
were compiled, and statistically significant differences were 
assessed based on comparison to a referent for age group, 
gender, world region, ethnicity, and race. Lynn CHC project 
staff reviewed records of those who exited the care cascade 
at each step and assigned each a reason code for use in analy-
sis of barriers.

LTBI care cascade reports were produced monthly. Quar-
terly, MDPH and Lynn CHC met with TBEST external 
evaluators to review performance measures and reflect on 
successful practices and challenges.

Results

From October 1, 2016 to September 30, 2019, Lynn CHC 
PCPs tested 10,319 non-US born patients for TB infec-
tion, a 1.9-fold increase over an estimated baseline of 1200 
tests/year. To allow a minimum 12-month follow-up, the 
study cohort consisted of patients with a TB infection test 
between October 1, 2016 and March 31, 2019 (n = 8827). 
Most patients (8010, 90.7%) were tested with an IGRA; the 
remainder (817, 9.3%) underwent tuberculin skin testing 
(TST). There were 131 countries of birth represented in the 
cohort, with the largest numbers from Dominican Republic 
(2163, 24.5%) and Guatemala (1836, 20.8%). Overall, 1368 
(15.5%) patients had a positive test for TB infection, with 
statistically significant differences in rates by age and world 
region consistent with known TB epidemiology (Table 1). 

Of the 1368 patients with TB infection, 1036 (75.7%) 
underwent a TB clinical evaluation that included medical 
examination and chest imaging. Of those, three individu-
als were diagnosed with TB disease and treated with first-
line TB therapy. LTBI treatment was recommended for 943 
(68.9%), initiated by 835 (61.0%), and completed by 645 
(47.1%). Among patients who completed a full course of 
therapy, 397 (61.6%) completed four months of rifampin, 
127 (19.7%) completed three months isoniazid and rifap-
entine weekly, and 107 (16.6%) completed nine months of 
isoniazid. Fourteen patients completed treatment but did not 
have a regimen documented.

The greatest drop-offs in the care cascade occurred 
between testing for TB infection and clinical evaluation 
after a positive test (24.3%) and between the recommen-
dation for LTBI treatment and completion of a treatment 
course (22.8%). Among the 332 patients not completing 

clinical evaluation, 51.2% had at least one phone contact 
with the TB team and 28.9% did not have a referral to the 
TB team. The most common reasons for treatment non-
completion were loss to follow-up (51.1%), medication 
side effects (29.5%), or patient choice (12.6%) (Table 2). 
There were few significant differences in treatment rec-
ommendation, initiation, or completion among demo-
graphic groups once they were evaluated by the TB team 
(Table 1).

Discussion

TBEST demonstrates that patient-centered TB services 
embedded in the FQHC medical home, led by a clinical 
team and supported by CHWs, can extend targeted testing 
and treatment to more persons at risk for LTBI. TBEST 
champions were developed among existing staff at the facil-
ity. Low-cost EHR modifications, such as the addition of a 
flowsheet to collect LTBI data, were implemented by staff 
and designed to fit within scope of practice. Linkage to 
MDPH resources, including training, clinical consultation, 
and TB care cascade data collection, analysis, and report-
ing further promoted quality improvement and sustainability 
beyond the demonstration project period.

Patient retention in the LTBI cascade of care is challeng-
ing. Systems barriers such as complex navigation can be 
associated with referral from the site of a positive screen-
ing test to a centralized TB clinic for diagnostic evaluation 
and treatment. In our project, although diagnostic evaluation 
and treatment were available on-site, drop-off was observed 
along the care cascade. TBEST strategies included active 
outreach to patients with positive screening tests to intro-
duce the TB team and assist with navigation. LTBI mes-
saging in primary care was streamlined, and multilingual 
posters encouraged testing and treatment. For continuing 
patients, the TB team offered flexible visits and evening 
hours, waived central registration requirements, and pro-
vided LTBI medications with no out-of-pocket costs while 
offering longitudinal education and interpersonal support to 
build patient trust. Further study and strategies to improve 
engagement after a positive screening test are warranted.

This project was designed as pilot intervention to address 
known, but not previously documented challenges with 
engagement and retention of a high-risk population in the 
LTBI care cascade. As a result, the analysis of the care cas-
cade at Lynn CHC was limited by a lack of pre-intervention 
baseline data, which precluded the establishment of a clear 
historical control for comparison. Additionally, due to reli-
ance on EHR to track project data and the complexity of 
extracting the data, it was only possible to track individual 
patients through the LTBI care cascade using EHR indica-
tors like dates of diagnosis and treatment. Chart reviews of 
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narrative notes regarding patient engagement would provide 
additional insight into regimen changes and specific adverse 
events.

The TBEST effort embedded TB care within a FQHC 
serving a diverse community with a high SVI and a high 
proportion non-US born individuals—those patients who 

Table 1   Latent TB infection care cascade

a Interferon gamma release assay (n = 8010)   
b Tuberculin skin test (n = 817) 
c Positive test results by test type: IGRA n = 1312 (16.4%); TST n = 56 (6.9%) 
d Treatment starts by regimen: four months of rifampin (4R) n = 516 (61.8%); three months of isoniazid and rifapentine weekly (3HP) n = 148 
(17.7%); nine months of isoniazid (9H) n = 146 (17.5%); unknown/not documented n = 25 (3.0%)
e Treatment completions by regimen: 4R n = 397 (61.6%); 3HP n = 127 (19.7%); 9H n = 107 (16.6%); unknown/not documented n = 14 (2.2%) 
f Reference group
*P<0.05 

Characteristic Tested: 
IGRA​a or 
TSTb

Positive IGRA or 
TST: n (% posi-
tive)

Evaluated: n (% of 
positive IGRA or 
TST)

Treatment recom-
mended: n (% of 
positive IGRA or 
TST)

Treatment start: 
n (% of positive 
IGRA or TST)

Treatment complete: 
n (% of positive 
IGRA or TST)

Total 8827 1368c 1036 (75.7) 943 (68.9) 835d (61.0) 645e (47.1)
Age (years)
 0–5 265 7 (2.6)* 5 (71.4) 5 (71.4) 5 (71.4) 3 (42.9)
 6–18 896 48 (5.4)* 37 (77.1) 35 (71.1) 35 (71.1) 28 (58.3)
 19–25 1246 92 (7.4)* 66 (71.7) 62 (67.4) 53 (57.6) 39 (42.4)
 26–44f 3695 558 (15.1) 420 (75.3) 392 (70.3) 332 (59.5) 253 (54.1)
 45–65 2087 468 (22.4)* 351 (75.0) 308 (65.8) 288 (61.5)* 227 (48.5)
 66+ 638 195 (30.6) 157 (80.5) 141 (72.3) 122 (62.6) 95 (48.7)

Gender
 Female 5550 813 (14.6)* 612 (75.3) 554 (68.1) 477 (58.7)* 357 (43.9)
 Malef 3277 555 (16.9) 424 (76.4) 389 (70.1) 358 (64.5) 288 (51.2)

WHO region
 Africa 900 257 (28.6)* 185 (72.0) 172 (66.9) 146 (56.8) 121 (47.1)*

 Americas 5382 764 (14.2)* 616 (80.6) 572 (74.9) 513 (67.1) 391 (51.2)
 Eastern Mediter-

ranean
358 74 (20.7)* 55 (74.3) 42 (56.8) 38 (51.4) 27 (36.5)

 Europef 194 19 (9.8) 13 (68.4) 11 (57.9) 9 (47.4) 5 (26.3)
 South East Asia 240 40 (16.7)* 33 (82.5) 27 (81.8) 24 (88.9) 18 (75.0)
 Western Pacific 518 107 (20.7)* 82 (76.6) 72 (67.3) 64 (59.8) 51 (47.7)
 Unknown 1235 107 (9.7) 52 (48.6) 47 (43.9) 41 (38.3) 32 (29.9)

Hispanic ethnicity
 Yes 5315 633 (11.9)* 508 (80.3)* 471 (74.4) 419 (66.2) 324 (51.2)
 Nof 3329 707 (21.2) 510 (72.1) 455 (64.4) 402 (56.9) 311 (44.0)
 Unknown 183 28 (15.3) 18 (64.3) 17 (60.7) 14 (50.0) 10 (35.7)

Race (self-reported)
 American Indian/

Alaskan Native
189 18 (9.5) 13 (72.2) 11 (61.1) 11 (61.1) 8 (44.4)

 Asian 856 162 (18.9)* 122 (75.3) 106 (65.4) 95 (58.6) 73 (45.1)
 Black African 

American
2531 627 (24.8)* 465 (74.2) 431 (68.7) 380 (60.1) 303 (48.3)

 Multi-race 57 11 (19.3)* 8 (72.7) 8 (72.7) 7 (87.5) 4 (57.1)
 Native Hawaiian/

Pacific Islander
142 18 (12.7) 15 (83.3) 14 (77.8) 14 (77.8) 10 (55.6)

 Whitef 3285 346 (10.5) 274 (79.2) 245 (70.8) 215 (62.1) 167 (48.3)
 Not disclosed/

unknown
1767 186 (10.5) 139 (74.7) 128 (68.8) 113 (60.8) 80 (43.0)
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may be least likely to access referred LTBI care. This rep-
resents a refocusing of care delivery, bringing high-quality 
services closest to the patients with the greatest need and 
supporting both providers and patients to navigate the LTBI 
care cascade. Expansion of TB services in FQHCs and other 
medical homes will require staffing investment and tailoring 
of the EHR. These efforts, however, offer the potential for 
higher patient engagement and retention in LTBI care and 
the prevention of TB disease in high-risk communities, mov-
ing the US closer towards TB elimination.

New Contribution to the Literature

This study of TBEST describes the dynamics of retention 
in care across the LTBI care cascade for a large and diverse 
non-US born FQHC patient population at risk for LTBI and 
not otherwise screened through routine public health activi-
ties. We present a summary of the clinical and public health 
supports that were implemented to establish patient-centered 
LTBI care at a FQHC. Additionally, we evaluate reasons for 
drop-off along the cascade. The TBEST project represents 
a LTBI care quality improvement at the level of the CHC. 
This demonstration project suggests that decreasing barriers 
to care for non-US born patients at risk for LTBI is feasible 
and could be scaled to similar care settings elsewhere.
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