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Abstract

Background—~Populations of indigenous persons are frequently associated with pronounced
disparities in rates of tuberculosis (TB) disease compared to co-occurring nonindigenous
populations.

Methods—Using data from the National Tuberculosis Surveillance System on TB cases in
U.S.-born patients reported in the United States during 2009-2019, we calculated incidence rate
ratios and risk ratios for TB risk factors to compare cases in American Indian or Alaska Native
(AIAN) and Native Hawaiian or other Pacific Islander (NHPI) TB patients to cases in White TB
patients.

Results—Annual TB incidence rates among AIAN and NHPI TB patients were on average =10
times higher than among White TB patients. Compared to White TB patients, AIAN and NHPI
TB patients were 1.91 (95% confidence interval (CI): 1.35-2.71) and 3.39 (CI: 1.44-5.74) times
more likely to have renal disease or failure, 1.33 (CI: 1.16-1.53) and 1.63 (Cl: 1.20-2.20) times
more likely to have diabetes mellitus, and 0.66 (CI: 0.44-0.99) and 0.19 (CI: 0-0.59) times less
likely to be HIV positive, respectively. AIAN TB patients were 1.84 (CI: 1.69-2.00) and 1.48
(CI: 1.27-1.71) times more likely to report using excess alcohol and experiencing homelessness,
respectively.

Conclusion—TB among U.S. indigenous persons is associated with persistent and concerning
health disparities.
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Introduction

Globally, in both developing and industrialized nations, populations of indigenous persons
are often associated with large disparities in rates of tuberculosis (TB) disease compared to
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co-occurring nonindigenous populations [1]. In the United States, persons who self-identify
as being solely or partially American Indian or Alaska Native (AIAN) or Native Hawaiian
or other Pacific Islander (NHPI) constitute the majority of U.S. indigenous persons [2, 3];

in 2019 they represented 2.2% (~7 million people) of the U.S. population [4]. While the
absolute burden of TB disease among U.S indigenous persons has been slowly declining
since at least the mid-1990s [5, 6], TB incidence rates among non-Hispanic AIAN persons
(3.4 cases per 100,000 persons) and non-Hispanic NHPI persons (17.6 per 100,000) in

the United States in 2019 were 6.8 and 35.2 times larger than those among non-Hispanic
White persons (0.5 per 100,000), respectively [7]. In addition to persistent disparities in
incidence [5, 6], other TB-related health disparities among U.S. indigenous persons have
been documented. An investigation of mortality attributed to any of 10 infectious diseases
(or categories thereof) during 1999-2009 found that AIAN persons had an overall death rate
twice that of White persons [8]; the disparity in TB-associated mortality, 13 times larger

for AIAN persons compared to White persons, was greatest. Another investigation during
1990-2009 found that in Alaska, AIAN persons had a TB death rate 48 times that of White
persons; the magnitude of this disparity had increased from the previous 9-year period when
the death rate for AIAN persons had been 14 times higher [9]. Other studies found that
TB-related hospitalization and death rates among AIAN persons were twice the national
rate [10] or the rate among Asian persons [11], respectively. Beyond raising significant
concern from the perspectives of public health promotion and health equity, these disparities
are particularly disheartening given the central roles played by U.S. indigenous persons

in epidemiologic studies to assess the efficacy of vaccines and pharmacological therapies
[12]. Notably, AIAN persons constituted the study population in trials and follow-up studies
of the Bacille Calmette-Guérin (BCG) vaccine [13, 14] and isoniazid for treating and
preventing TB disease [15, 16].

To quantify TB-related health disparities, identify factors and mechanisms that contribute

to them, and inform the development of strategies to promote health equity, we describe
demographic, clinical, and sociobehavioral characteristics of TB cases reported in the United
States during 2009-2019, with analyses stratified by patient race/ethnicity and focused on
U.S. indigenous persons who self-identified as AIAN or NHPI. We also characterize annual
TB case rates and rate disparities by race/ethnicity over this period. Finally, by applying
molecular surveillance methods [17], we evaluate the contribution of recent transmission to
TB incidence. Our investigation is modeled on two published studies describing TB cases

in the United States by race/ethnicity during 1993-2002 [5] and 2003-2008 [6], extending
previous work on TB among U.S. indigenous persons.

We analyzed incident TB disease case report data from the U.S. Centers for Disease

Control and Prevention’s (CDC) National Tuberculosis Surveillance System (NTSS). Health
departments in all 50 states, the District of Columbia (DC), and multiple U.S.-affiliated
jurisdictions in the Pacific Ocean and Caribbean Sea submit information on TB cases

that meet a national surveillance case definition [7] to NTSS using a standardized form
(Report of Verified Case of Tuberculosis (RVCT)), which includes fields for demographic,
clinical, case management, outcome, and laboratory data [18]. Results from CDC’s
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National Tuberculosis Genotyping Service, which conducts genotyping for at least one
Mycobacterium tuberculosis isolate from each culture-confirmed TB case in the United
States, are linked to NTSS records using the TB Genotyping Information Management
System (TB GIMS) for molecular surveillance [19].

Our analyses included all incident TB cases reported to NTSS that met the case definition
during January 1, 2009-December 31, 2019, were counted within any of the 50 states or
DC, and occurred in a U.S.-born patient (i.e., born in the United States or outside the United
States to at least one parent with U.S. citizenship). Within NTSS, patient self-reported race/
ethnicity data are used to assign cases to one of eight race/ethnicity groups: non-Hispanic
patients who are AIAN, NHPI, Asian, Black, or White alone, or multiple race; Hispanic
patients; or unknown race/ethnicity. To restrict analyses to U.S. indigenous persons, cases
in the AIAN group in patients who reported a country/location of birth other than the
United States (or blank/not reported) were excluded. Similarly, cases in the NHPI group
were excluded unless patients met one of the following criteria: (a) reported any of six
RVCT NHPI subrace groups (Guamanian, Chamorro, Guamanian or Chamorro, Mariana
Islander, Native Hawaiian, Saipanese) that are associated with U.S. indigenous populations;
(b) did not self-report a subrace group and reported the United States (or blank/not reported)
as country/location of birth; (c) reported a combination of any of four subrace groups
(Polynesian, Samoan, Other Pacific Islander, blank/not reported) and the United States,
American Samoa, Guam, Northern Mariana Islands, U.S. Minor Outlying Islands, or U.S.
Miscellaneous Pacific Islands as country/location of birth. For reference, the U.S. Census
Bureau defines AIAN persons as “having origins in any of the original peoples of North
and South America (including Central America) and who maintains tribal affiliation or
community attachment” [3] and NHPI persons as “having origins in any of the original
peoples of Hawaii, Guam, Samoa, or other Pacific Islands” [2]. Cases in the multiple and
unknown groups were combined.

Following two previous publications [5, 6], we enumerated frequencies of TB patient
characteristics by race/ethnicity group. We calculated race/ethnicity-specific crude and
age-adjusted annual TB case rates (per 100,000 persons) using the U.S. Census Bureau’s
American Community Survey (ACS) 5-year population estimates (Appendix 1); age-
adjusted rates were calculated using direct standardization to the 2010 U.S. population
[20]. For different subsets of TB patient characteristics, we compared bivariate relationships
between each race/ethnicity group and the White group (reference) by calculating risk
ratios (RRs) and associated 95% confidence intervals (CIs) or using chi-square tests.
Annual TB case rates were similarly compared using incidence rate ratios (IRRs) and

Cls. We calculated Cls using the normal approximation (Wald) method if the numerator
for the non-reference group in the RR or IRR calculations was >10 and otherwise using

a bootstrap method with 10,000 replicates. We defined statistical significance as A<0.05.
Data for nonindigenous race/ethnicity groups (Asian, Black, Hispanic, Multiple/unknown)
are provided for reference. We used the plausible source-case method [17] to identify TB
cases attributed to recent transmission during 2011-2019; we only considered cases in
patients aged =15 years because M. tuberculosis isolates from sputum cultures needed for
genotyping cannot be obtained consistently from younger patients. Characteristics of cases
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attributed to recent transmission were not examined for the NHPI group due to the small
sample size (AM=12 during 2009-2019).

Results

A total of 113,151 incident TB cases were reported to NTSS during 2009-2019, including
36,663 (32.4%) counted within the 50 states or DC and in a U.S.-born patient; 36,509
(99.6%) were included in our analyses after applying our AIAN and NHPI case definitions
(Appendix 2).

Characteristics of AIAN TB Patients

When compared to White TB patients, a significantly higher percentage of AIAN TB
patients were female (31.4% vs 41.3%), aged <15 years (2.7% vs 9.6%), resided in

the Pacific-northwest (3.5% vs 42.8%) or Central-mountain (1.5% vs 10.3%) Standard
Federal Regions [21], or were diagnosed based on positive culture (78.2% vs 83.3%) (all
comparisons: X2218.20; F£<.0001) (Table 1). AIAN TB patients were significantly more
likely than White TB patients to have experienced TB disease previously (RR=1.97, Cl:
1.60-2.43), have a positive sputum culture recorded for their current TB episode (RR=1.19,
Cl: 1.14-1.24), and have received treatment for their current episode partially or completely
as directly observed therapy (RR=1.06, Cl: 1.05-1.07) (Table 1). At the time of TB
diagnosis, AIAN TB patients were also significantly more likely than White TB patients

to have been diagnosed with end-stage renal disease or chronic renal failure (RR=1.91, ClI:
1.35-2.71) or type 1 or type 2 diabetes mellitus (RR=1.33, Cl: 1.16-1.53); conversely, they
were less likely to have been HIV positive (RR=0.66, CI: 0.44-0.99) or immunosuppressed
because of a condition other than HIV/AIDS or a medication (RR=0.32, Cl: 0.24-0.43).

Among TB patients =15 years of age, AIAN patients were significantly more likely to have
their current episode of TB disease attributed to recent transmission (RR=2.34, Cl: 2.10-
2.61) and to have had infectious TB (i.e., sputum acid fast bacilli smear positivity, cavitary
disease on chest radiograph or chest computerized tomography scan, or both) (RR=1.07, Cl
:1.01—1.12) compared to White patients (Table 2); AIAN patients were also significantly
more likely to have reported using excess alcohol (RR=1.84, Cl: 1.69-2.00) or noninjection
drugs (RR=1.54, Cl: 1.36-1.75) as well as experienced homelessness (RR=1.48, Cl: 1.27-
1.71) or been primarily unemployed (RR=1.48, Cl: 1.37-1.61) during the 12 months prior to
TB diagnosis.

Characteristics of NHPI TB Patients

When compared to White TB patients, a significantly higher percentage of NHPI TB
patients were female (31.4% vs 42.3%), aged <15 years (2.7% vs 30.4%), resided in the
Pacific-southwest (12.4% vs 37.1%) or Pacific-northwest (3.5% vs 21.1%) regions, or were
not diagnosed based on positive culture (21.8% vs 38.7%) (all comparisons: X2210.39;
F£<.001) (Table 1). NHPI TB patients were significantly more likely to have been diagnosed
with end-stage renal disease or chronic renal failure (RR=3.39, Cl: 1.44-5.74) or type

1 or type 2 diabetes mellitus (RR=1.63, Cl: 1.20-2.20) at the time of TB diagnosis;
conversely, they were less likely to have been HIV positive (RR=0.19, Cl: 0-0.59) or
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immunosuppressed because of a condition other than HIVV/AIDS or a medication (RR=0.37,
Cl: 0.11-0.65).

NHPI TB patients were significantly less likely than White TB patients to have had any
pulmonary disease (RR=0.89, Cl: 0.82-0.96), a positive sputum culture recorded for their
current TB episode (RR=0.64, Cl: 0.53-0.77), sputum-smear positivity (RR=0.59, CI: 0.46—
0.77), and cavitary disease (RR=0.43, Cl: 0.29-0.66), but more likely to have completed
treatment for their TB disease (RR=1.08, Cl: 1.03-1.12) (Table 1). Among TB patients =15
years of age, NHPI patients were significantly less likely to have reported using excess
alcohol during the 12 months prior to TB diagnosis (RR=0.59, CI: 0.37-0.93) compared to
White patients (Table 2).

Annual TB Case Rates and Incidence Rate Ratios

Crude annual TB case rates for the AIAN group ranged from 7.46 cases per 100,000 persons
in 2010 to 3.72 cases per 100,000 persons in 2019 (Figure 1, Online Resource 1). Relative to
the White group, crude annual IRRs for the AIAN group ranged from 6.48 (Cl: 5.28-7.95)
in 2009 to 13.48 (Cl: 11.32-16.06) in 2015; values did not differ statistically between 2009
and 2019 (IRR=9.26, CI: 7.35-11.68). Age-adjusted annual TB case rates for the AIAN
group ranged from 8.55 cases per 100,000 persons in 2010 to 3.84 cases per 100,000
persons in 2019 (Online Resource 2, Online Resource 3). Compared to the White group,
age-adjusted annual IRRs for the AIAN group ranged from 8.31 in 2009 to 16.14 in 2015.

Crude annual TB case rates for the NHPI group ranged from 1.21 cases per 100,000 persons
in 2013 to 8.40 cases per 100,000 persons in 2017 (Figure 1, Online Resource 1). Relative
to the White group, crude annual IRRs for the NHPI group ranged from 2.11 (Cl: 0.51-4.36)
in 2013 to 20.05 (CI: 13.93-28.87) in 2017; values did not differ statistically between 2009
(IRR=9.05, CI: 5.75-14.23) and 2019 (IRR=11.78, Cl: 7.28-19.04). Age-adjusted annual
TB case rates for the NHPI group ranged from 1.57 cases per 100,000 persons in 2013 to
8.90 cases per 100,000 persons in 2010 (Online Resource 2, Online Resource 3). Compared
to the White group, age-adjusted annual IRRs for the NHPI ranged from 3.02 in 2013 to
21.70in 2018.

Characteristics of AIAN TB Patients with Cases Attributed to Recent Transmission

When compared to White TB patients aged =15 years with cases counted during 2011-
2019 and attributed to recent transmission, a significantly higher percentage of AIAN TB
patients were female (28.0% vs. 36.7%), aged 15-24 years (4.9% vs. 17.5%), or resided in
the Pacific-northwest region (4.9% vs 67.8%) (all comparisons: X227.97; £<.005) (Online
Resource 4). The annual percentage of cases attributed to recent transmission among AIAN
TB patients ranged from 28.6% in 2011 to 43.6% in 2013 (Figure 2, Online Resource 5).
Relative to the White group, crude annual IRRs for the AIAN group ranged from 2.01

(CI: 1.41-2.85) in 2011 to 2.84 in 2013 (Cl: 2.14-3.76); values did not differ statistically
between 2011 and 2019 (IRR=2.83, Cl: 1.96-4.08).
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Discussion

Like previous studies of TB in the United States that examined racial/ethnic variation in
disease epidemiology [5, 6], we found evidence of persistent disparities in both incidence
and the proportion of TB patients with clinical and sociobehavioral risk factors, with a
disproportionate burden of disease associated with indigenous AIAN and NHPI persons.
Despite collectively representing 4% of the TB cases reported during 2009-2019, either
the AIAN or the NHPI group had the highest crude and age-adjusted annual TB case rates
among U.S.-born persons in every year of the 11-year investigation period. When averaged
across this period, crude and age-adjusted annual case rates for both the AIAN and NHPI
groups were =10 times higher than rates for the White group. Given the persistence of TB
disease as a significant, endemic public health problem facing U.S. indigenous persons,
intensified, culturally sensitive efforts are needed to reduce disparities by strengthening TB
prevention and control measures focused on AIAN and NHPI communities. Compared to
other race/ethnicity groups, TB case rates among AIAN and NHPI persons should in theory
be highly amenable to reduction owing to their relatively high magnitude and the small
population sizes of these U.S. indigenous groups.

Our analyses documented pronounced racial/ethnic disparities in the frequencies of clinical
and sociobehavioral characteristics known to be associated with an increased burden of

TB disease. AIAN and NHPI TB patients were significantly more likely than White TB
patients to have also been diagnosed with end-stage renal disease or chronic renal failure

or with type 1 or type 2 diabetes mellitus. TB patients with end-stage renal disease are

at higher risk for TB-related mortality [22, 23]; diabetes is associated with more severe

TB symptoms, delayed sputum conversion, and increased probabilities of TB treatment
failure, recurrent disease, and death during TB treatment [24-26]. Consistent with two
previous studies [5, 6], AIAN TB patients aged =15 years were significantly more likely
than White TB patients to have reported excess alcohol and noninjection drug use as well as
unemployment and experiencing homelessness. Substance misuse has been associated with
more severe symptoms and adverse outcomes of TB disease, findings likely attributable to
reductions in immunocompetence and organ function (especially liver and lungs) [27-29].
These four sociobehavioral characteristics are among a constellation of TB risk factors
linked to increased rates of exposure and infection, more severe and prolonged symptoms
(partly because of delayed TB diagnosis), and higher probabilities of treatment failure and
death [30-32]. These findings are consistent with U.S. indigenous persons being at increased
risk of adverse outcomes associated with TB disease. Further, they support the need for and
provide high-level insights into ways in which the effectiveness of TB control programs
could be enhanced by tailoring interventions to meet the unique needs, resiliencies, and
vulnerabilities of individual U.S. indigenous populations. For example, TB-specific public
health activities focused on reducing rates of transmission or increasing rates of testing and
treatment could be undertaken concurrently with interventions to detect and treat specific
clinical comorbidities, promote particular aspects of behavioral health, and stabilize and
improve employment and housing conditions.

Comparison of demographic characteristics of TB patients by race/ethnicity group identified
a number of conspicuous differences. The age distributions of AIAN and especially NHPI
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TB patients were strongly right-skewed; 18% of AIAN and 45% of NHPI TB patients
were aged <25 years compared to 6% of White TB patients. This suggests that TB was
diagnosed at a relatively earlier age among AIAN and NHPI TB patients, likely as a

result of population age structure and perhaps because of higher clinical suspicion for

TB among patients in these groups. This may help to explain the findings that NHPI TB
patients were significantly less likely than White TB patients to have had any pulmonary
disease, a positive sputum culture recorded for their current TB episode, sputum-smear
positivity, cavitary disease, or reported using excess alcohol. TB diagnoses among relatively
young AIAN and NHPI TB patients may require pediatric infectious disease specialty
care. Additionally, we observed geographic clustering of AIAN and NHPI TB cases;
approximately 60% of both AIAN and NHPI TB patients resided in the Pacific-northwest
and Pacific-southwest regions compared to 16% of White TB patients. These demographic
and geographic attributes could be leveraged to reduce disease burden in AIAN and NHPI
populations by informing tailored TB control activities.

Using the plausible source-case method [17] and molecular surveillance data, we
demonstrated that TB cases in AIAN patients aged =15 years were significantly more likely
than cases in White counterparts to be attributed to recent transmission. Among these AIAN
TB patients, the observed age distribution is consistent with recent transmission occurring
disproportionately among persons aged <65 years (91.3%) and TB disease in persons

aged =65 years (8.7%) being more likely to be attributed to reactivation of longstanding
latent TB infection. Yet AIAN and White TB patients aged =15 years did not differ
significantly in their likelihood of having infectious TB. These results suggest that racial/
ethnic variation in factors related to exposure or susceptibility might be important drivers of
recent transmission among U.S. indigenous persons. Susceptibility-related disparities could
result from variation in clinical and sociobehavioral risk factors described above as well as
other mechanisms contributing directly or indirectly to poor health. In terms of exposure,
AIAN TB patients may be more likely than White TB patients to spend time in close
proximity to others or in locations with reduced ventilation. During 2013-2015, 15.9% of
AIAN households in tribal areas were categorized as overcrowded (>1 person per room)
compared to 2.2% of total households in the United States (2013 estimate) [33]. During

the same periods, 12% of AIAN households in tribal areas were categorized as having
heating problems (uncomfortably cold during the past winter for prolonged periods because
of broken down heating equipment) compared to 0.1% of total households in the United
States [33]; low household temperatures could lead occupants to crowd together or reduce
ventilation in an attempt to conserve warmth. Racial/ethnic variation in exposure would also
be consistent with our and previous findings [6] that AIAN TB patients were significantly
more likely than White TB patients to have experienced TB disease previously.

Our investigation had several limitations. We may have misclassified TB cases because

we based our analyses on patient self-reported race/ethnicity and focused on patients who
reported only a single race/ethnicity. In the 2010 census, 44% and 56% of the U.S. AIAN
and NHPI populations, respectively, reported more than one race; a majority of persons in
both groups self-identified with two races, with White as the other race [34, 35]. Of the 318
TB cases combined into the multiple/unknown race/ethnicity group in our analyses, 86 were
in patients who reported AIAN and one or more other races; 32 cases were in patients who
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reported NHPI and one or more other races (Appendix 2). Including these cases in the AIAN
and NHPI groups in our analyses would have increased the counts of those groups by 6.7%
and 16.5%, respectively, and could have altered our findings. Related to this, we applied
relatively narrow AIAN and NHPI case definitions that included only TB patients who
reported one of a small number of countries/locations of birth and subraces (for the NHPI
group). As a result, we excluded cases in patients who might be classified as AIAN or NHPI
in other investigations involving analyses stratified by race/ethnicity. This was particularly
true for the NHPI group. For example, we excluded 41 cases in patients who self-identified
as NHPI but reported a subrace of Marshallese or Micronesian and a country of birth of

the Republic of the Marshall Islands or the Federated States of Micronesia. While these
patients are Pacific Islanders, the Marshall Islands and the Federated States of Micronesia
are sovereign nations with U.S. affiliation through Compacts of Free Association; thus,

we did not consider these patients to be indigenous to the United States. Use of these
restrictive case definitions and the resulting exclusion of cases could complicate comparison
of our findings with those of other investigations of racial/ethnic health disparities involving
U.S. indigenous persons. Our analyses of clinical and sociobehavioral characteristics did
not control for the effects of underlying racial/ethnic variation in the frequency of those
characteristics. For example, while AIAN and NHPI TB patients were significantly more
likely than White TB patients to have also been diagnosed with diabetes mellitus, rates of
diabetes mellitus among AIAN and NHPI persons in general are high relative to other race/
ethnicity groups [36, 37]. The small number of NHPI cases likely contributed to fluctuations
in annual rate estimates. Finally, we restricted our analysis of recent transmission to cases

in patients aged =15 years. Because pediatric TB cases are generally assumed to result

from recent transmission, but genotype evidence is often missing from younger patients
who cannot reliably produce sputum for culture, our analyses may have underestimated

the frequency of recent transmission in AIAN and NHPI groups, particularly given their
relatively young age distributions.

Recent advances in TB diagnostic and therapeutic methods are understandably cause for
excitement among those working to eliminate TB [38]. Yet our findings of persistent

and pronounced racial/ethnic disparities in rates of TB disease among U.S. indigenous
persons suggest that additional work may be needed to better understand the interplay
between the various clinical, cultural, environmental, and socioeconomic factors underlying
health inequities. It might be possible to achieve substantial reductions in disease burdens
associated with AIAN and NHPI populations in the United States by tailoring existing

TB control methods to the needs of these groups. Evidence of persistent health disparities
serves as a reminder of the ethical imperative to pursue health equity through intentionally
prioritized, adequately resourced, and effectively implemented health promotion efforts
focused on disproportionately affected populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix 1

Population data for rate calculations were obtained from the U.S. Census Bureau’s
American Community Survey (ACS) through queries of the Census Bureau website
(data.census.gov/mdat) on January 14, 2021. These data are provided in Online Resources 6,
7 and 8 for reference.

Crude annual TB case rate calculations:

To calculate crude annual TB case rates (per 100,000 persons) by patient race/ethnicity
group, we obtained annual population estimates from the public use microdata sample
(PUMS), 5-year population estimates using queries involving the RAC1P, RAC2P,
RAC2P12, RAC3P, HISP, and NATIVITY variables and person-weight weighting as
follows:

A. For the AIAN, Asian, Black, and White groups, we obtained annual population
estimates using queries involving the RAC1P, HISP, and NATIVITY variables
(e.g., https://data.census.gov/mdat/#/search?
ds=ACSPUMS5Y2019&cv=NATIVITY(1),HISP(01)&rv=RAC1P&Wt=PWGTP
). For the HISP and NATIVITY variables, we only included counts associated
with the “Not Spanish/Hispanic/Latino” and “Native” categories, respectively.
For the AIAN group, we summed counts associated with three RAC1P categories
(“American Indian alone,” “Alaska Native alone,” and “American Indian and
Alaska Native tribes specified; or American Indian or Alaska Native, not
specified and no other race”) to generate the population estimate for each year.

B. For the Hispanic group, we obtained annual population estimates using queries
involving the HISP and NATIVITY variables (e.g., https://data.census.gov/
mdat/#/search?
ds=ACSPUMS5Y2019&cv=NATIVITY (1)&rv=HISP(02,03,04,05,06,07,08,09,1
0,11,12,13,14,15,16,17,18,19,20,21,22,23,24) &wt=PWGTP). For the HISP
variable, we included counts associated with all categories except “Not Spanish/
Hispanic/Latino.” For the NATIVITY variable, we only included counts in the
“Native” category. We summed counts associated with all 23 HISP categories to
generate the population estimate for each year.
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C. For the NHPI group, we obtained annual population estimates using queries
involving the RAC1P, RAC2P, RAC2P12, RAC3P, HISP, and NATIVITY
variables. We did this as follows to obtain estimates as consistent as possible
with our NHPI TB case definition, which excluded some NHPI subraces:

i. For years 2016-2019, we first obtained annual population estimates
using queries involving the RAC2P, HISP, and NATIVITY variables
(e.g., https://data.census.gov/mdat/#/search?
ds=ACSPUMS5Y2019&cv=NATIVITY(1),HISP(01)&rv=RAC2P(60,6
1,62,63,64,65,66)&wt=PWGTP). For the RAC2P variable, we included
counts associated with all seven NHPI-related categories (i.e., NHPI
subraces): “Native Hawaiian alone,” “Samoan alone,” “Tongan alone,”
“Guamanian or Chamorro alone,” “Marshallese alone,” “Fijian alone,”
and “Other Native Hawaiian and Other Pacific Islander.” For the HISP
and NATIVITY variables, we only included counts associated with the
“Not Spanish/Hispanic/Latino” and “Native” categories, respectively.
Next, we compared these annual population estimates to those obtained
for the “Native Hawaiian and Other Pacific Islander alone” category
using the queries involving the RAC1P, HISP, and NATIVITY variables
(described above in section 1A). The population estimates generated
using the RAC2P queries and the RAC1P queries were the same in each
of the four years during 2016—2019. Given this concordance, we
summed the counts associated with the three RAC2P categories that we
sought to exclude from our NHPI population estimates (“Tongan
alone,” “Marshallese alone,” “Fijian alone”) in each year during 2016—
2019 and subtracted that sum from the population estimate obtained
using the RACL1P query for that year.

ii. For years 2012-2015, we first obtained annual population estimates
using queries involving the RAC2P12, HISP, and NATIVITY variables
(e.g., https://data.census.gov/mdat/#/search?
ds=ACSPUMS5Y2015&cv=NATIVITY(1),HISP(01)&rv=RAC2P12(6
0,61,62,63,64,65,66)&wWt=PWGTP). For the RAC2P12 variable, we
included counts associated with all seven NHPI-related categories (i.e.,
NHPI subraces): “Native Hawaiian alone,” “Samoan alone,” “Tongan
alone,” “Guamanian or Chamorro alone,” “Marshallese alone,” “Fijian
alone”, and “Other Native Hawaiian and Other Pacific Islander.” For the
HISP and NATIVITY variables, we only included counts associated
with the “Not Spanish/Hispanic/Latino” and “Native” categories,
respectively. Next, we compared these annual population estimates to
those obtained for the “Native Hawaiian and Other Pacific Islander
alone” category using the queries involving the RAC1P, HISP, and
NATIVITY variables (described above in section 1A). The population
estimates generated using the RAC2P12 queries and the RAC1P queries
were different in each year during 2012-2015. Given this discordance,
we summed the counts associated with the three RAC2P12 (or RAC2P)
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categories that we sought to exclude from our NHPI population
estimates (“Tongan alone,” “Marshallese alone,” “Fijian alone™) in each
year during 2012-2019 and quantified the percent of the total
population estimate obtained using the RAC2P12 (or RAC2P) query
that this sum represented. For each of the three categories that we
sought to exclude, these percentages were highly consistent across the
seven years (meanzstdev: “Tongan alone” = 5.77%+0.37%,
“Marshallese alone” = 2.48%+0.42%, “Fijian alone” = 2.76%+0.19%).
Given this consistency we summed the counts associated with the three
RAC?2P12 categories that we sought to exclude in each year during
2012-2015, calculated the percent of the total population estimated
using the RAC2P12 query that this represented, and then reduced the
population estimate obtained using the RAC1P query for that year
proportionally.

iii.  For years 2009-2011, we first obtained annual population estimates
using queries involving the RAC3P, HISP, and NATIVITY variables
(e.g., https://data.census.gov/mdat/#/search?
ds=ACSPUMS5Y2011&cv=NATIVITY(1),HISP(01)&rv=RAC3P(02,0
3,04,05,06)&wt=PWGTP). For the RAC3P variable, we included
counts associated with all five NHPI-related categories (i.e., NHPI
subraces): “Native Hawaiian alone,” “Samoan alone,” “Guamanian or
Chamorro alone,” “Other Pacific Islander alone,” and “Native Hawaiian
and Other Pacific Islander groups only.” For the HISP and NATIVITY
variables, we only included counts associated with the “Not Spanish/
Hispanic/Latino” and “Native” categories, respectively. Next, we
compared these annual population estimates to those obtained for the
“Native Hawaiian and Other Pacific Islander alone” category using the
queries involving the RAC1P, HISP, and NATIVITY variables
(described above in section 1A). The population estimates generated
using the RAC3P queries and the RAC1P queries were the same in each
year during 2009-2011, but counts for the three NHPI subrace
categories that we sought to exclude from our NHPI population
estimates (“Tongan alone,” “Marshallese alone,” “Fijian alone”) were
not reported separately. Given the aforementioned interannual
consistency in the percent of the annual total population estimate
associated with counts for these three NHPI subrace categories during
2012-2019, we summed the three percentages in each year during
2012-2019 (range= 10.4-11.4%), averaged these sums across years
(meanzstdev: 11.02%+0.003%), rounded this average to the nearest
whole percent (11%), and reduced the population estimate obtained
using the RAC1P query for each year during 2009-2011 by that
proportion.
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Age-adjusted annual TB case rate calculations:

To calculate age-adjusted annual TB case rates (per 100,000 persons) by patient race/
ethnicity group, we used the direct method, the 2010 U.S. Standard population, and age-
stratified annual population estimates from the U.S. Census Bureau’s American Community
Survey (ACS). We applied the six-level age categorization scheme used in NTSS: <5 years,
5-14 years, 15-24 years, 25-44 years, 45-64 years, and =65 years.

The 2010 U.S. standard population (308,745,538 persons), as estimated using 2010
decennial census data from the U.S. Census Bureau, was partitioned into the six NTSS age
categories based on published age-stratified counts [20] as follows: <5 years=20,201,362
persons; 5-14 years=41,025,851 persons; 15-24 years=43,626,342 persons; 25-44
years=82,134,554 persons; 45-64 years=81,489,445 persons; =65 years=40,267,984
persons.

We obtained age-stratified annual population estimates from the public use microdata
sample (PUMS), 5-year population estimates using queries involving the RAC1P, HISP,
NATIVITY, and AGEP variables and person-weight weighting as follows:

A. For the AIAN, NHPI, Asian, Black, and White groups, we obtained age-stratified
annual population estimates using queries involving the RACE1P, HISP,
NATIVITY, and AGEP variables (e.g., https://data.census.gov/mdat/#/search?
ds=ACSPUMS5Y2019&cv=NATIVITY(1),HISP(01),RAC1P&rv=AGEP&wWt=P
WGTP). For the HISP and NATIVITY variables, we only included counts
associated with the “Not Spanish/Hispanic/Latino” and “Native” categories,
respectively. For the AIAN group, we summed counts associated with three
RACI1P categories (“American Indian alone,” “Alaska Native alone,” and
“American Indian and Alaska Native tribes specified; or American Indian or
Alaska Native, not specified and no other race”) to generate the population
estimate for each year.

B. For the Hispanic group, we obtained age-stratified annual population estimates
using queries involving the HISP, NATIVITY, and AGEP variables (e.g., https://
data.census.gov/mdat/#/search?
ds=ACSPUMS5Y2019&cv=NATIVITY(1),HISP(02,03,04,05,06,07,08,09,10,11
,12,13,14,15,16,17,18,19,20,21,22,23,24) &rv=AGEP&wWt=PWGTP). For the
HISP variable, we included counts associated with all categories except “Not
Spanish/Hispanic/Latino.” For the NATIVITY variable we only included counts
in the “Native” category. We summed counts associated with all 23 HISP
categories to generate the population estimate for each year.

C. For the NHPI group, age-stratified counts were not available for the annual
population estimates obtained using the queries involving the RAC1P, RAC2P,
RAC2P12, RAC3P, HISP, and NATIVITY variables (described above in section
1C). To approximate these, we obtained age-stratified annual population
estimates for the “Native Hawaiian and Other Pacific Islander alone” category
using queries involving the RACE1P, HISP, NATIVITY, and AGEP variables
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(described above in section 2A) and used these to determine the percent of the
total population associated with each of the 6 NTSS age categories. We then
calculated the products of these percentages and the annual population estimates
obtained using the queries involving the RAC1P, RAC2P, RAC2P12, RAC3P,
HISP, and NATIVITY variables to complete the age-stratified approximations.

Among incident TB cases with a count date during January 1, 2009—December 31, 2019,
counted within any of the 50 states or DC, and in a patient classified as being U.S.-born

and who reported their race/ethnicity as AIAN, NHPI (or both), 332 were not classified into
either the AIAN or the NHPI patient race/ethnicity group because they met one of the follow

criteria:

A.

A total of 106 cases were classified into the Multiple/unknown patient race/
ethnicity group because they were in patients who reported their race as AIAN
or NHPI (or both) and one or more other races (i.e., multiple race/ethnicity). Of
these, 76 were in patients who reported their race as AIAN and another race
other than NHPI (the most common other races reported by these patients were
White (57) and Black (21)), 28 were inpatients who reported their race as NHPI
and another race other than AIAN (the most common other races reported by
these patients were White (16) and Asian (11)), and 2 were in patients who
reported their race as AIAN and NHPI.

A total of 9 cases were classified into the Multiple/unknown patient race/
ethnicity group because they were in patients who did not self-report their
ethnicity (i.e., unknown race/ethnicity). Of these, 7 reported their race as AIAN,
1 reported their race as NHPI, and 1 reported their race as both AIAN and NHPI.

A total of 63 cases were classified into the Hispanic patient race/ethnicity group
because they were in patients who reported their ethnicity as Hispanic. Of these,
58 were in patients who reported their race as AIAN, 4 were in patients who
reported their race as NHPI, and 1 was in a patient who reported their race as
both AIAN and NHPI.

A total of 154 cases were excluded from the analysis entirely because they were in patients
who reported a country of birth or an NHPI subrace (or both) not included in our AIAN
and NHPI case definitions. Of these, 2 were in patients who reported their race as AIAN
and their country of birth as France or India (these patients were likely misreported as
AIAN); the remaining 152 were in patients who reported their race as NHPI. These 152
cases were in patients who reported their NHPI subrace and country of birth as follows:

52 Micronesian (of which 23 and 20 reported their country of birth as the United States

or the Federated States of Micronesia, respectively), 47 Marshallese (of which 26 and 18
reported their country of birth as the United States or the Marshall Islands, respectively), 19
Chuukese (of which 10 reported their country of birth as the United States), 16 Tongan (of
which 15 reported their country of birth as the United States), 4 Samoan, 1 Carolinian, 1
Fijian, 1 Solomon Islander, and 11 cases in patients who did not self-report an NHPI subrace
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(of which 8, 2, and 1 reported their country of birth as the Marshall Islands, Federated States
of Micronesia, or Palau, respectively).
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Fig. 1.

Crude annual tuberculosis (TB) case rates (per 100,000 persons) by race/ethnicity among
U.S.-born persons: United States, 2009-2019. AIAN, American Indian or Alaska Native;
NHPI, Native Hawaiian or other Pacific Islander
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Fig. 2.

Annual percentage of tuberculosis (TB) cases in patients aged =15 years attributed to recent
transmission, by race/ethnicity among U.S.-born persons: United States, 2011-2019. AIAN,
American Indian or Alaska Native; Native Hawaiian or other Pacific Islander (NHPI) group
excluded due to low sample size
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