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Modeling the Impact of
Recommendations for Primary
Care-Based Screening for Latent
Tuberculosis Infection in California

Andrea Parriott, PhD, MPH' ©; James G. Kahn, MD, MPH'"?%; Haleh Ashki, PhD';
Adam Readhead, PhD, MPH?; Pennan M. Barry, MD, MPH?; Alex J. Goodell, MD, MPH*;
Jennifer Flood, MD, MPH?; and Priya B. Shete, MD, MPH’®

Abstract

Objective: Targeted testing and treatment of persons with latent tuberculosis infection (LTBI) is a critical component of
the US tuberculosis (TB) elimination strategy. In January 2016, the California Department of Public Health issued a tool and
user guide for TB risk assessment (California tool) and guidance for LTBI testing, and in September 2016, the US Preventive
Services Task Force (USPSTF) issued recommendations for LTBI testing in primary care settings. We estimated the epide-
miologic effect of adherence to both recommendations in California.

Methods: We used an individual-based Markov micro-simulation model to estimate the number of cases of TB disease
expected through 2026 with baseline LTBI strategies compared with implementation of the USPSTF or California tool guid-
ance. We estimated the risk of LTBI by age and country of origin, the probability of being in a targeted population, and the
probability of presenting for primary care based on available data. We assumed 100% adherence to testing guidance but
imperfect adherence to treatment.

Results: Implementation of USPSTF and California tool guidance would result in nearly identical numbers of tests adminis-
tered and cases of TB disease prevented. Perfect adherence to either recommendation would result in approximately 7000
cases of TB disease averted (40% reduction compared with baseline) by 2026. Almost all of this decline would be driven by
a reduction in the number of cases among non-US-born persons.

Conclusions: By focusing on the non-US-born population, adherence to LTBI testing strategies recommended by the
USPSTF and the California tool could substantially reduce the burden of TB disease in California in the next decade.
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Elimination of tuberculosis (TB) is a global public health
priority." Strategies to control TB in the United States are
shifting from a focus on identifying and treating persons
with TB disease toward testing and treating persons with
latent TB infection (LTBI).>? According to the most recent
estimates from 2011-2012, approximately 5% of the US pop-
ulation has LTBL*® An estimated 85% of US TB cases are
attributable to reactivation of LTBI; approximately 70%
occur among non-US-born persons.®” In response to these
trends, focus is being placed on scaling up targeted LTBI
testing and treatment among populations at high risk for pro-
gressing to active TB disease.®

In January 2016, the California Department of Public
Health (CDPH) introduced the California Tuberculosis Risk
Assessment Tool (hereinafter, California tool) to help pri-
mary care providers scale up LTBI testing and treatment.’
CDPH together with the California Tuberculosis Controllers
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Association developed the California tool by combining
available evidence on the risks associated with TB exposure
and the risk for progression to TB disease, ranked by relative
risk, and based on values in the literature. Stakeholders esti-
mated the epidemiology of TB risk factors among recent TB
cases in California from published data or current surveil-
lance data from California, including cohort risk estimates
(personal communication, P. Barry, CDPH, January 2019).
The final risk assessment prioritized 3 groups for LTBI test-
ing and treatment who are at highest risk for either recent TB
infection or progression from LTBI to active disease. The
California tool recommends testing non—-US-born persons
from countries with a high incidence of TB (ie, 20 countries
with the highest absolute number of incident cases annu-
ally),' contacts of persons with active TB, and persons who
have immunosuppressive conditions (eg, HIV infection),
persons who are undergoing immunosuppressive therapies
(eg, persons who use tumor necrosis factor [TNF]-a inhibi-
tors), and organ transplant recipients. In September 2016, the
US Preventive Services Task Force (USPSTF) also issued
recommendations for LTBI testing and treatment. The Task
Force based its findings on evidence synthesis, systematic
reviews, and expert opinion; these findings are detailed els-
where.'”!" The Task Force recommended that adults born or
formerly residing in countries with high TB prevalence' and
current and former residents of high-risk congregate settings
(HRCSs; eg, prisons, nursing homes, homeless shelters) be
tested for LTBI in primary care settings.'>

Although multiple studies estimate the importance of
LTBI testing and treatment in populations at high risk for
TB, such as non—US-born persons and persons with medical
comorbidities,'*'® no studies have assessed the effect of
implementing LTBI testing and treatment guidance. We
assessed the potential effect of these recommendations by
modeling the implementation of the USPSTF and California
tool recommendations to estimate the number of TB cases in
California that are potentially preventable.

Methods
Modeling Approach

We previously developed a model of TB in California.'® For
this analysis, we added detail to the model on relevant popu-
lations at high risk of TB. Our model is an individual-based
1% scale portrayal of the California population aged >18,
implemented in Python 2.7'7 with demographic attributes of
persons in the model obtained from local data sources. The

model simulates the natural history of TB with a Markov
chain. Persons entered the model by aging in (at 18 years) or
by immigrating and exited via death or emigration. We por-
trayed transmission by using a semi-random mixing model
that assumed an increased probability of interaction with
persons of the same race—nativity group. Each time cycle
represented 1 month. Details of the model structure, model
inputs, and calibration are provided in the technical supple-
ment available from the authors upon request.

We adapted our model to simulate implementation of
USPSTF guidance by including current and former residence
in HRCSs as attributes of persons. We also made HRCS res-
idence at any point in time a risk factor for progression from
LTBI to TB disease, with risk ratios estimated by expert
opinion and refined by calibration. Furthermore, we assumed
that infectious HRCS residents could transmit only to other
residents of the same HRCS. Because no individual-level
data were used and all modeling scenarios were hypotheti-
cal, institutional review board review was not sought.

Data Inputs

Population. The primary source for data on the size and
demographic composition of the California population and
new entrants is the American Community Survey.'® Data
sources used to determine the size and composition of the
populations residing in HRCSs were the Point in Time sur-
vey and the Homeless Management Information System,'’
the National Corrections Reporting System,”” the California
Department of Corrections and Rehabilitation 2011 Adult
Institutions Outcome Evaluation Report,”' and the California
Office of Statewide Planning and Development.**

Risk of reactivation and transmission. Risk of progression from
LTBI to TB disease followed an exponential decay curve as
a function of the number of months since infection and a
baseline (first month) risk of reactivation. We included esti-
mates of the baseline risk of reactivation, rate of exponential
decay, risk ratios for progression from LTBI to TB disease,
and number of persons infected by 1 infected person (details
available from the authors upon request).

LTBI and TB disease prevalence. We estimated LTBI preva-
lence trends for US-born and non—US-born persons who
had been in the United States for >5 years by using data
from the National Health and Nutrition Examination Survey
(NHANES), stratified by age, race, and sex.”> We compared
LTBI prevalence for US-born persons in the 2011-2012
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NHANES with LTBI prevalence for US-born persons in the
1999-2000 NHANES to establish a monthly decline in the
risk of LTBI for persons entering the model (through internal
migration, aging in, or in the first cycle). For entrants within
the past 5 years, we estimated prevalence rates and recent
infection rates from estimated prevalence in the country of
origin.* Persons with LTBI were also assigned a number of
months since infection.

Primary care provider visits. We estimated the monthly proba-
bility of primary care provider visits by estimating the total
number of primary care provider visits in California by age
group, sex, smoking status, and diabetes status from the 2015
National Ambulatory Medical Care Survey.>* To account for
differences in primary care provider use by nativity or length
of residence in the United States, we adjusted the probabili-
ties calculated from the National Ambulatory Medical Care
Survey by using data on health care access from the 2015
National Health Interview Survey.”

Testing Strategies

We assumed that all testing would be conducted using the
interferon gamma release assay Quantiferon-Gold (Qiagen,
Hilden, Germany), which is more specific than the tuberculin
skin test, particularly in the non—US-born population,
because it includes many persons vaccinated with Bacillus
Calmette Guerin.*® Previous modeling work has suggested
that the interferon gamma release assay is more cost-effective
than the tuberculin skin test for LTBI testing and treatment of
non—-US-born persons.'**® We assumed 100% adherence to
testing by primary care providers for all patients who met
eligibility criteria and 100% agreement to testing by patients.

Treatment Strategies

We assumed that LTBI treatment would consist of 12 weeks
of isoniazid and rifapentine using directly observed ther-
apy.?” We estimated that 82% of patients had initiated treat-
ment and that 6% of patients who began the month of
treatment discontinued treatment each month.?® Persons who
discontinued treatment returned to the untreated LTBI state.

Targeted Testing and Treatment Scenarios

We compared populations targeted for testing in the baseline,
USPSTF, and California tool models (Table 1). We assumed
that all persons tested under the baseline scenario would also
be tested under the USPSTF and California tool models. We
ran 500 iterations of each testing scenario.

Continuation of the baseline. Testing on admission is currently
conducted in almost all California state and county correc-
tional facilities and is mandated on admission to long-term
care facilities.” Therefore, the baseline testing scenario

assumes 100% testing in the first month of residence in
these settings. We based the baseline probability of testing
among immunocompromised persons on expert opinion and
estimated it to be 100% for persons with HIV infection at
the time of diagnosis, 100% for organ transplant recipients
immediately before transplantation, and 85% for persons ini-
tiating TNF-a inhibitor treatment. We also assumed testing
of recent contacts to infectious cases, annual testing of health
care workers, and 2% random testing of all other persons
each year.

Implementation of USPSTF guidance. We implemented
USPSTF guidance in the model from January 2017 through
2026 in primary care provider settings. Populations recom-
mended for testing under USPSTF guidance are non—US-
born persons and HRCS residents (Table 1).

Implementation of the California tool. We implemented the
California tool guidance in the model from January 2017
through 2026 in primary care provider settings. Persons
targeted under these recommendations are non—US-born
persons and persons with certain immunosuppressive comor-
bidities, including TNF-a inhibitor users who are not tested
at initiation of therapy (Table 1).

Targeted testing of subgroups. In addition to modeling the 2
sets of official recommendations, we estimated the num-
ber of TB disease cases and tests performed in scenarios in
which only non—-US-born persons and HRCS residents were
targeted for testing.

Outcomes and Analysis

For each intervention strategy, we estimated the number of
incident TB cases and the number of TB cases prevented. We
also estimated the number of persons with untreated LTBI,
the number of tests performed, and the number of transmis-
sions. We created point estimates by taking the mean value
across all simulations and 95% simulation intervals (SIs) by
taking the 97.5th and 2.5th percentile of each outcome across
all simulations. Sls reflect the stochastic nature of transitions
between states on each of the Markov chains and stochastic-
ity in the composition of the model population.

Sensitivity Analysis

We conducted a sensitivity analysis by varying adherence to
recommendations, with perfect adherence defined as testing
of all eligible patients when they present for a primary care
provider visit. Adherence, in this case, does not include
acceptance of treatment or level of treatment discontinuation
by patients. Adherence levels modeled were 25%, 50%, and
100%.
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Table I. Comparison of model implementation of US Preventive Services Task Force (USPSTF) recommendations and risk scenarios from
the California Tuberculosis Risk Assessment Tool®

USPSTF
Recommendations

California Tuberculosis Risk

Characteristics Baseline Assessment Tool

General population 2% probability of testing 2% probability of testing per

per year year

2% probability of testing per year

Non-US-born persons Not applicable Tested once Tested once

Health care workers Annual testing Annual testing Annual testing

Tested once, at time of contact
investigation

Tested once, at time of
contact investigation

Tested once, at time of
contact investigation

Contacts of tuberculosis case

Immunosuppressed”
Tested once Tested once
85% tested once

Tested once

HIV positive Tested once
TNF-a inhibitor use
Transplant recipient

Current residents of HRCSs

85% tested once Tested once

Tested once Tested once

Long-term care facilities Tested on admission Tested annually Tested on admission

Homeless shelters Not applicable Tested annually Not applicable

Correctional facilities Tested on admission Tested annually Tested on admission
Former residents of HRCSs

Not tested"

Not tested"

Not tested®

Not tested® Tested once
Not tested®

Not tested®

Long-term care facilities
Homeless shelters Tested once

Correctional facilities Tested once

Abbreviations: HRCS, high-risk congregate setting; TNF, tumor necrosis factor.

*Modeled scenarios varied by the key populations prioritized for targeted tuberculosis testing and treatment and frequency of testing. Data sources:
California Department of Public Health® and USPSTF.'?

®Persons with HIV undergo testing at the time of antiretroviral therapy initiation, which is used as a proxy for time of diagnosis. Persons who use TNF-a.
antagonists and recipients of solid-organ or bone marrow transplants undergo testing before initiation of immunosuppressive therapy or transplantation.
“Not tested refers to persons in this population not being tested an additional time in the model based on lack of a recommendation to do so in current

guidelines or practice.

Results

Baseline Epidemiologic Projections

In the baseline scenario, the annual number of projected
cases of TB disease declined from 1988 (95% SI, 1896-
2087) in 2017 to 1655 (95% SI, 1576-1746) in 2026
(Figure 1) for a cumulative total of 18 123 cases. The pro-
jected annual number of tests performed increased from 2.78
million (95% SI, 2.75 million-2.81 million) in 2017 to 3.17
million (95% SI, 3.13 million-3.20 million) in 2026, for a
10-year total of 29.79 million. The cumulative number of TB
cases was projected to be 15 274 (95% SI, 14 669-15 964)
among non—-US-born persons, 582 (95% SI, 332-1048)
among HRCS residents, and 1309 (95% SI, 1095-1531)
among persons with immunosuppressive disorders. The esti-
mated number of persons living with untreated LTBI was
projected to decrease from 2.17 million (95% SI, 2.14 mil-
lion-2.20 million) in 2017 to 1.82 million (95% SI, 1.79 mil-
lion-1.84 million) in 2026. The model projected 55 641 (95%
SI, 52 577-58 973) TB transmissions occurring in California
from 2017 to 2026.

Modeled LTBI Testing and Treatment Scenarios
Based on Guidance

Number of TB cases averted. Our model projections estimated
that full adherence to either the USPSTF recommendations
or the California tool would prevent an additional 7000 cases
of TB disease (n = 7063; 95% SI, 6139-7574 for USPSTF;
n = 6726; 95% SI, 5741-7708 for the California tool)
within the first 10 years after implementation or a reduc-
tion of approximately 40% of cases from the baseline sce-
nario. The steepest decline occurred in the first 2 years after
implementation (Figure 1). Most prevented TB cases (96%
for USPSTF and 98% for the California tool) would occur
among non—US-born persons. USPSTF guidance implemen-
tation was projected to prevent 6775 (95% SI, 5989-7574)
TB cases and California tool implementation was projected
to prevent 6601 (95% SI, 5798-7375) TB cases among non—
US-born persons during the decade (Figure 2). USPSTF and
California tool guidance implementation was projected to
prevent 273 and 189 cases, respectively, among HRCS res-
idents and 412 and 533 cases, respectively, among persons
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Figure |. Annual number of cases of tuberculosis (TB) disease in California from 2016 through 2026 under 3 scenarios for targeted
TB testing: baseline (continuation of preguidance testing levels), US Preventive Services Task Force (USPSTF) recommendations,
and California TB Risk Assessment Tool (California Tool) recommendations. Error bars indicate 95% simulation intervals. Data

sources: California Department of Public Health® and USPSTF.'?

with immunosuppressive conditions. However, these num-
bers were too small to obtain reliable SIs. The LTBI testing
and treatment scenario targeting only non—US-born persons
for testing averted 6552 (95% SI, 5586-7708) cases during
the 10-year period, whereas targeting only HRCS residents
averted 805 cases; however, the numbers were too small to
obtain reliable Sls.

Number of tests performed. The cumulative number of addi-
tional LTBI tests performed during 2016-2026 was 16.53
million (95% SI, 16.20 million-16.86 million) for USPSTF
and 13.25 million (95% SI, 12.77 million-13.71 million) for
California tool recommendations (Figure 3). This change
represents a 55% (USPSTF) and 44% (California tool)

increase in testing. The incremental number needed to test
for LTBI using interferon gamma release assay to prevent
1 case of TB disease (compared with the baseline scenario)
was similar under the USPSTF (n = 2352; 95% SI, 2041-
2639) and California tool (n = 1980; 95% SI, 1718-2316)
guidance. The LTBI testing and treatment scenario targeting
only non—US-born persons for testing led to an additional
8.90 million tests (95% SI, 8.54 million-9.24 million) and a
number needed to test of 1366 (95% SI, 1167-1589) during
the 10-year period. Targeting only HRCS residents resulted
in 7.86 million additional tests and a point estimate of 9764
for the number needed to test; however, the SI for this num-
ber needed to test was not defined because the lower bounds
of the 95% SI for cases prevented were negative.

Baseline USPSTF Guidance California Tool
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Figure 2. Annual number of cases of tuberculosis (TB) disease among non-US-born persons in California from 2016 through
2026 under 3 scenarios for targeted TB testing: baseline (continuation of pre-guidance testing levels), US Preventive Services Task Force
(USPSTF) recommendations, and California TB Risk Assessment Tool (California Tool) recommendations. Error bars indicate 95%
simulation intervals. Data sources: California Department of Public Health” and USPSTF.'?



Parriott et al 177S

Baseline USPSTF Guidance California Tool

12,51 12,51 12,51
w 100 w 100 o 100
= = =
= 754 = 754 = 75
< £ £
o o o
. % .o ]
2 50 2 50 2 50
s s s
-] —t—o—o——o—e————>— IS [}
Z 25 Z 25 Z 251

0.01 0.0 0.0

2016 2018 2020 2022 2024 2026 2016 2018 2020 2022 2024 2026 2016 2018 2020 2022 2024 2026
Year Year Year

Figure 3. Annual number of tuberculosis (TB) tests performed in California from 2016 through 2026 under 3 scenarios for targeted
TB testing: baseline (continuation of preguidance testing levels), US Preventive Services Task Force (USPSTF) recommendations,
and California TB Risk Assessment Tool (California Tool) recommendations. Error bars indicate 95% simulation intervals. Data
sources: California Department of Public Health® and USPSTF."2

LTBI prevalence. Under implementation of USPSTF guidance, Transmissions. The number of new transmissions of TB infec-
the estimated number of prevalent cases of untreated LTBI tion under the USPSTF and California tool scenarios was
dropped from 1.60 million (95% SI, 1.58 million-1.63 mil- 41 020 (95% SI, 35 544-46 139) and 41 958 (95% SI, 37
lion) in 2017 to 0.99 million (95% SI, 0.97 million-1.02 mil- 283-47 329), respectively, which is a 26% and 25% reduc-
lion) in 2026. Similarly, implementation of California tool tion from the baseline scenario, respectively.

guidance reduced the number of prevalent untreated LTBI
cases (including persons who discontinued treatment before
completion) to 1.03 million (95% SI, 1.01 million-1.05 mil-
lion) in 2026. The 2026 projections under the 2 LTBI testing We projected the number of cases averted and the number of
and treatment scenarios represent a >45% decrease in the additional tests performed compared with baseline during 2017
prevalence of untreated LTBI compared with the baseline through 2026 with varying adherence to both guideline scenar-
projections for 2026. ios. Adherence to recommendations by primary care providers

Sensitivity Analysis

Table 2. Sensitivity analysis describing the effect of adherence to latent tuberculosis (TB) targeted testing and treatment recommendations
on TB epidemiology and testing patterns in California, 2017-2026"

US Preventive Services Task Force® California Tuberculosis Risk Assessment Tool®
No. of Cases Averted No. of Tests No. of Cases Averted No. of Tests
Adherence (95% SI)© (95% SI)“ (95% SI)© (95% SI)©
25% 4987 (4590-5333) 12.48 (12.38-12.58) 5026 (3970-5751) 8.49 (8.36-8.52)
50% 6148 (5842-6307) 14.66 (14.64-14.67) 5799 (5376-6309) 10.35 (10.09-10.63)
75% 6364 (6153-6465) 15.88 (15.69-16.14) 6487 (6199-6762) 11.95 (11.83-11.98)

Abbreviation: Sl, simulation interval.

“Results in the table reflect model projections of the number of cases of TB averted and the additional number of tests (in millions) required to conduct
guideline-adherent targeted testing and treatment for latent TB infection using either the US Preventive Services Task Force (USPSTF)'? or California
Tuberculosis Risk Assessment Tool’ recommendations from 2017-2026 and compared with a baseline scenario. Each row represents a different level of
adherence to recommendations by primary care providers; 95% Sls are included. Under the baseline scenario, a cumulative total of 18 123 cases of TB
disease and 29.8 million TB tests were predicted.

®These are in comparison with results of perfect (100%) adherence to recommendations (USPSTF: 7063 [95% SI, 6139-7574] cases of TB averted and
16.53 million [95% SI, 16.20-16.53 million] tests conducted; California Risk Assessment tool: 6726 [95% SI, 5741-708] cases of TB averted and 13.25 million
[95% SI, 12.77-13.71 million] tests conducted).

“Simulation intervals describe uncertainty in point estimates due to the stochastic nature of the model. They are derived by taking the 97.5th and 2.5th
percentile of each outcome across all model simulations.
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25%, 50%, and 75% of the time resulted in fewer cases averted
compared with perfect implementation simulated as 100%
adherence (n = 4987 [95% SI, 4590-5333], n = 6148 [95% SI,
5842-6307], and 6364 [95% SI, 6153-6465] cases averted,
respectively). Lower adherence to the guidelines also resulted
in fewer tests performed (Table 2). However, >70% of the
cases averted under 100% adherence were projected to be pre-
vented even at as low as 25% adherence.

Discussion

The results of this model suggest a substantial potential
effect of implementation of LTBI testing and treatment on
TB epidemiology in California. Hypothetical testing and
treatment with 100% adherence to testing by either USPSTF
or California tool testing recommendations would be
expected to cause a 40% decline in the number of cases of
TB in the first decade after implementation and an approx-
imately 45% decline in untreated LTBI prevalence in
California. Approximately 50% of the decline in TB inci-
dence is projected to occur within the first 2 years of imple-
mentation. In addition, even testing of only 25% of eligible
patients during primary care provider encounters is still
likely to prevent a substantial proportion of TB cases com-
pared with full implementation (approximately 30% decline
from baseline). Because long-term trends in immigration
are difficult to predict, and future developments may render
current tests and LTBI treatment regimens obsolete, we
chose to model a relatively short timeline after implemen-
tation. Even so, most of the decrease in TB incidence would
occur in the first 2 years after implementation and then sta-
bilize at approximately 55% of the projected baseline sce-
nario incidence. Thus, barring major changes to incidence
or LTBI testing and treatment technology, we project that
full implementation of either LTBI testing and treatment
recommendation would prevent approximately 40% to
45% of TB cases from the second decade after
implementation.

Although both recommendations target some US-born per-
sons with special risk factors, almost all (96% and 98%, respec-
tively, for USPSTF and California tool implementation) of the
prevented cases are expected to occur among non—-US-born
persons. Non—US-born persons have the largest burden of both
LTBI and TB incidence in California® and are the largest
group targeted under both USPSTF and California tool recom-
mendations. Our results also demonstrate a decline in the num-
ber of TB cases among immunosuppressed persons and HRCS
residents. Although these declines do not reflect a high number
of cases averted or a proportional reduction in population-level
TB incidence or LTBI prevalence, implementation of these rec-
ommendations may reduce the incidence rate substantially
within these groups.

Strengths and Limitations

This analysis had several strengths. First, we structured our
model to illuminate TB epidemiology in populations at high
risk for TB through an individual approach that integrates
population dynamics and demography with health indicators
and outcomes. Second, our approach included parameters
that reflect adherence to LTBI testing and treatment recom-
mendations as a way to describe the potential effect of vari-
able implementation. Our simulation was limited to
California, which has a very large non—US-born population
(27% in 2016)*" and already tests persons incarcerated in
state and local correctional facilities and long-term care
facility residents. Although our results may not be generaliz-
able to other contexts in which demographic characteristics
differ, our methods could be replicated by using local data
and a baseline that reflects local practices. Third, our model
reflects the effect of engaging primary care providers to
expand the reach and coverage of LTBI testing and treatment
interventions. An estimated 80% of LTBI are conducted in
public health clinics in the United States.”” Public health
clinics often lack resources to scale up LTBI testing and
treatment to levels required to reach TB elimination goals.*®
Policy shifts such as the Patient Protection and Affordable
Care Act have increased the number of persons with access
to preventive care services. We assessed this development,
which provides an opportunity to massively scale up LTBI
testing and treatment in community clinics.*

Both sets of recommendations provide guidance on core
elements of an LTBI testing and treatment implementation
strategy, specifically a focus on non—US-born persons and pri-
mary care settings, but there are differences. In addition to geo-
graphic reach (USPSTF guidance applies to the entire United
States), the HRCSs of interest also differ. Although it is possi-
ble that the national standards will supersede the guidance
issued by CDPH in primary care provider settings, the question
of which standard is more widely adopted makes little practical
difference, because the performance of the 2 sets of recommen-
dations is similar. A more important consideration is how to
optimize adherence to either guidance. Future research should
focus on understanding gaps in the current cascade of care for
LTBI testing of groups at high risk of TB and using results to
develop and test interventions that enhance implementation of
these recommendations across the continuum of screening,
diagnosis, and treatment of LTBI. Examples of such strategies
include increasing access to primary care for non—-US-born
persons or strengthening the ability of community providers to
deliver LTBI care.

Fourth, as with all simulation models, our model is a highly
simplified attempt to re-create a complex natural process. We
made certain assumptions about reactivation risk by age, mul-
tiplicity of risk factors, and population dynamics because of
limited data or to simplify the model. These assumptions may
not be realistic given the known uncertainty in estimates of
these related parameters. We also used fixed estimates for
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certain parameters, although these estimates are uncertain.
Future research could focus on conducting sensitivity analyses
by varying assumptions for some of the parameters with the
lowest quality evidence to inform estimates. Potential parame-
ters of interest include probabilities of transitioning into and
out of HRCS residence, LTBI and TB disease prevalence of
new entrants to California, and probability of migration out of
California for US-born and non-US-born residents. Another
possible area for sensitivity analysis is the assumption of mul-
tiplicativity for risk factors for progression to TB disease.

Finally, there is a lack of data on the epidemiologic parame-
ters of TB in HRCSs. Therefore, we resorted to using estimates
determined by expert opinion and refined by manual calibra-
tion. Although baseline case counts and infections prevented in
HRCS populations and users of TNF-a inhibitors were mod-
eled, group-specific numbers varied widely across simulations
because of the small numbers of projected cases and stochastic
nature of the model. We did not use empirical evidence on the
uptake of evidence-based guidelines on LTBI testing and treat-
ment among patients with immunosuppressive comorbidities
and relied on expert opinion to inform those input parameters.
Use of empirical estimates may have improved the accuracy of
forecasts of testing in the baseline scenario. In addition, all
models included testing of HIV-positive persons only at the
time of infection, whereas other guidance recommends annual
testing of HIV-positive persons “who are at high risk for
repeated or ongoing exposure to persons with active TB.”
However, we do not expect these uncertainties to have a sub-
stantial effect on our estimates of the overall number of tests
performed and TB cases averted, because only 5% of TB cases
in 2017 occurred among persons experiencing homelessness
within the past year, and 5% of cases occurred among persons
with HIV infection, organ transplants, or TNF-a inhibitor use
combined.’! The small numbers of persons in some groups at
high risk of TB limited the utility of a stochastic scale model
for forecasting cases in risk groups because of wide Sls.

Despite this dramatic projected progress, adherence to
either set of LTBI testing and treatment recommendations is
unlikely to result in achievement of the World Health
Organization or US TB elimination goals.***” Progress in the
near term, however, is within reach; by increasing testing
and treatment by just 4- to 6-fold, the number of TB cases
can be reduced substantially, saving many lives and reducing
costs resulting from TB disease.

Conclusion

Adherence to the USPSTF and California tool recommenda-
tions is likely to substantially reduce TB disease incidence
and untreated LTBI prevalence in California, primarily
because of testing and treatment of persons born outside the
United States. We estimate that approximately 40% of new
cases are preventable with full adherence to testing guid-
ance, with steep declines in the first few years. Future studies

may wish to focus on the cost-effectiveness of LTBI testing
and treatment in groups targeted under the USPSTF and
California tool recommendations and, in particular, on the
incremental cost-effectiveness of testing persons in HRCSs
or persons with immunosuppression in addition to non—US-
born persons.'”
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