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Abstract

Context—Resistance to isoniazid (INH) only (monoresistance), with drug susceptibility to
rifampin, pyrazinamide, and ethambutol at diagnosis of tuberculosis (TB) disease, can increase the
length of treatment.

Objective—To describe US trends in INH monoresistance and associated patient characteristics.

Design—We performed trend and cross-sectional analyses of US National Tuberculosis
Surveillance System surveillance data. We used Joinpoint regression to analyze annual trends in
INH monoresistance and logistic regression to identify patient characteristics associated with INH
monoresistance.

Participants—Culture-positive cases reported to National Tuberculosis Surveillance System
during 1993-2016 with drug susceptibility test results to INH, rifampin, pyrazinamide, and
ethambutol.

Main Outcome Measures—(1) Trends in INH monoresistance; (2) odds ratios for factors
associated with INH monoresistance.
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Results—Isoniazid monoresistance increased significantly from 4.1% of all TB cases in 1993 to
4.9% in 2016. Among US-born patients, INH monoresistance increased significantly from 2003
onward (annual percentage change = 2.8%; 95% confidence interval: 1.4-4.2). During 20032016,
US-born persons with INH-monoresistant TB were more likely to be younger than 65 years; to be
Asian; to be human immunodeficiency virus—infected; or to be a correctional facility resident at
the time of diagnosis. Among non-US-born persons, INH resistance did not change significantly
during 1993-2016 (annual percentage change = —0.3%; 95% confidence interval: —0.7 to 0.2) and
was associated with being aged 15 to 64 years; being Asian, black, or Hispanic; or having a
previous history of TB.

Conclusions—INH-monoresistant TB has been stable since 1993 among non-US-born persons;
it has increased 2.8% annually among US-born persons during 2003—-2016. Reasons for this
increase should be further investigated.

Keywords

antitubercular agents/therapeutic use; bacterial; drug resistance; isoniazid; isoniazid/therapeutic
use; Mycobacterium tuberculosis, tuberculosis/drug therapy; tuberculosis/epidemiology

Despite substantial improvement since 1993, tuberculosis (TB), an airborne infectious
bacterial disease, is still a preventable cause of illness, disability, and death in the United
States. During 2018, in a provisional report, a total of 9029 new cases of verified TB disease
(2.8 cases per 100 000 population) were reported among US residents.! Treatment of TB
requires use of first-line drugs (FLDs) (eg, isoniazid [INH], rifampin [RIF], pyrazinamide
[PZA], and ethambutol [EMB]) to which Mycobacterium tuberculosis complex organisms
grown in culture of the patient’s clinical specimens are sensitive. Isoniazid and RIF are the 2
most potent FLDs used to treat TB disease caused by M tuberculosis that is sensitive to
those drugs.? Isoniazid monotherapy is also used to treat latent TB infection (LTBI).3 M
tuberculosis that is resistant to TB drugs continues to multiply and cause clinical illness in
the patient during treatment with those drugs.* Tuberculosis drug resistance can develop
because of an inadequate number of drugs, ineffective doses or duration of treatment
regimens, treatment nonadherence, malabsorption of drugs, and drug-drug interactions that
reduce therapeutic drug levels.®

Because TB drug resistance caused by random genetic mutation of M tuberculosis is rare,
increasing temporal trends in resistance might indicate that patient-, treatment-, and
organism-related factors are major determinants of those resistance trends. Isoniazid
resistance is of particular interest in TB control because INH is one of the treatment
regimens for LTBI, an important strategy for preventing progression from infection to TB
disease.5 Isoniazid resistance also has been associated with worse TB treatment outcomes
when standard therapy is used to treat TB disease.’~®

The global average of INH resistance without concurrent RIF-resistant TB cases during
2002-2016 was 8.5% (95% confidence interval [CI]: 7.4-9.7); among new and previously
treated TB cases, the global averages were 7.3% (95% CI: 6.1-8.6) and 14% (95% CI: 12—
17), respectively.10 In the United States, during the respective period, resistance was 8.8%,
which includes the 1.3% of total cases with multidrug-resistant (MDR) TB.11 In contrast, the
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global estimate of MDR TB among new cases was 8.1% (95% CI: 7.3-8.9),10 compared
with 1.4% in the United States during 2016.11

The majority of TB drug resistance studies have focused on MDR TB.12 Understanding INH
monoresistance is essential because INH resistance has been reported to predate rifampicin
resistance in MDR TB patients.13 Here, we describe trends in INH monoresistance and
identify patient-, treatment-, and TB-related attributes associated with resistance among
patients with new cases of verified TB disease reported among US residents during 1993—
2016.

Selected analytic samples

We analyzed data from the National Tuberculosis Surveillance System, which is maintained
by the Centers for Disease Control and Prevention (Atlanta, Georgia).11 We defined INH
monoresistance as resistance to INH and susceptibility to RIF, PZA, EMB, or any other
tested drugs on the basis of initial drug susceptibility testing (DST) results for culture-
confirmed cases. We defined MDR TB according to the World Health Organization’s
definition as resistance to at least INH and RIF.24 We defined MDR TB as resistance to at
least INH and RIF by DST. The number of TB cases available for analysis varied by purpose
as follows: (a)to assess trends in INH monoresistance by year of diagnosis and patient’s
birth year; and () to describe patient’s attributes associated with INH-monoresistant
disease, compared with INH-sensitive disease, among non-US-born (1993-2016) and US-
born (2003-2016) residents. We separated cases by period and patient’s nativity because of
differences in INH resistance trends by birth origin as reported in the National Tuberculosis
Surveillance System data set.11 We conducted trend analysis by nativity to determine
possible period cut points for changes in INH resistance rates and identified an increasing
rate of INH monoresistance during 2003-2016 among US-born residents. We restricted
patient attribute analysis to the 2003-2016 period to determine which factors might be
associated with an increase in INH monoresistance.

We analyzed all verified, culture-positive, TB cases with DST results for all FLDs at
diagnosis reported in the 50 states and the District of Columbia during January 1, 1993 to
December 31, 2016. We excluded TB cases that became INH-monoresistant or MDR TB
disease during TB treatment from our analyses to exclude cases with resistance that might
have been associated with drug treatment during the current TB episode. Isoniazid
monoresistance, as reported by clinical laboratories through DST results, was the health
outcome variable of interest in our regression analyses.

Statistical analyses

Assessing annual trends in INH monoresistance—For each year of 1993-2016, we
calculated the annual percentage of TB cases with INH monoresistance among those tested
for FLDs. To analyze trends in annual INH monoresistance among selected populations, we
used Joinpoint statistical software (version 4.2.0.2, National Cancer Institute, National
Institutes of Health, Bethesda, Maryland) to fit Joinpoint regressionl® models and to
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estimate annual percentage change (APC) in INH monoresistance. In each model, we
assumed a maximum of 3 change points and a minimum of 2 observations from a joinpoint
on either end of the data and between 2 joinpoints. We used the slope of the trend lines to
compute APCs from year to year and to assess the APC statistical significance, compared
with 0. The APC was significantly different from 0 at 2 <.05 on the basis of the ftest.

Identifying birth cohort effects on INH monoresistance among US-born or
non-US-born residents with TB disease—To assess the occurrence of birth cohort
effects on INH monoresistance trends, we analyzed data, stratified by nativity, for 1993—
2016. For age-specific TB incidence by birth cohort, we classified cases into 12 cohorts by
birth decade (ie, 1900: 1900-1909; 1910: 1910-1919; and so forth until 2010: 2010-2016)
on the basis of available data by age. The 2010 birth cohort included 7 years (through 2016).
We excluded patients born before 1900, because only 1 TB patient with INH monoresistance
was reported as having been born before 1900.

Associated factors for INH monoresistance—We selected potential risk factors for
INH monoresistance from among covariates previously demonstrated to be risk factors in
published research studies.18 We conducted univariate and multivariate analyses on
demographic, treatment outcomes, and risk factor information. To identify associated factors
for INH monoresistance, controlling for confounding and adjusting for interaction between
covariates, we used the logistic procedure in SAS version 9.4 (SAS Institute, Inc, Cary,
North Carolina) to build multivariable logistic regression models by using backward
elimination. We eliminated nonsignificant covariates in bivariate analyses with significance
levels at P <.01. To identify statistically significant effects of the missing and unknown
category in selected variables with 10% or greater missing or unknown values, we included
those observations in the multivariate analyses. We identified significant interaction terms on
the basis of the log-likelihood ratio test with levels of significance at 2 <.01, and we tested
for multicollinearity among covariates indicated by condition indexes greater than 30 and
variance proportions accounted for by principal components greater than 0.50 for 2 or more
covariates.1” We used the Hosmer-Lemeshow test to assess the goodness-of-fit of the final
model to the data. For proportion comparison, we used the Xz test or the Monte Carlo
estimate for Fisher exact test if cells had less than 5 cases. Certain risk factors (eg, TB
attributed to recent transmission) began to be measured in all US states in 2011; therefore,
those analyses were restricted to 2011-2016 data.

We fit 6 adjusted logistic regression models, 3 among non-US-born and 3 among US-born
persons. Among non-US-born persons, the first model started with all observations and
variables for 1993-2016 before backward elimination of nonsignificant variables, except for
treatment outcome and additional TB risk factor variables available from 2011. A separate
model for treatment outcomes, along with age, sex, race/ethnicity, previous TB, and human
immunodeficiency virus (HIV) infection status, was fit before backward elimination of
nonsignificant variables for 1993-2014. The second model included HIV status because of
() possible reduced absorption of TB drugs or negative treatment and outcome results
among persons positive for HIV infection; (b) possible inadequate adherence caused by
adverse events!®; or (¢) pill burden associated with TB and HIV concurrent therapies.1® To
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reduce the number of adjusted regression analyses, we restricted treatment outcome
variables for patients who were alive at diagnosis, were prescribed 1 or more drugs, had a
positive sputum culture, and were verified during 2014 or earlier, allowing a minimum of 2
years for reporting jurisdictions to submit their information. Treatment outcome variables
included receiving initial INH therapy, type of therapy (self-administered compared with
directly observed), time to sputum culture negativity, completion of therapy, and type of
health care provider. The third model included additional TB risk factor variables available
from 2011 and the variables for age, sex, race/ethnicity, and previous TB for 2011-2016.
Additional TB risk factor variables included primary occupation in the preceding year,
primary reason evaluated for TB disease, TB attributed to recent transmission, contact with
an MDR TB patient in the preceding 2 years, contact with a patient with infectious TB in the
preceding 2 years, history of incomplete LTBI therapy, recent history of tumor necrosis
factor a antagonist therapy, history of receiving a solid organ transplant, diabetes or end-
stage renal disease at the time of TB diagnosis, non-HIV/AIDS immune-compromise, other
TB risk factor, and no TB risk factor. Similar models were created for US-born persons.
Among the models that measured all observations and variables and treatment outcomes, we
restricted our analysis to 2003—-2016 and 2003-2014, respectively.

Ethics assurances

Results

Institutional review board approval was not required because use of surveillance data in this
study did not involve human participant research as determined by the Centers for Disease
Control and Prevention’s Institutional Review Board.

Trends in INH monoresistance

Of the 360 287 US TB cases verified during 1993-2016, 196 335 (54.5%) had DST results
for INH, RIF, PZA, and EMB. Of these, 172 379 (87.8%) persons had TB disease
susceptible to FLDs; 15 174 (7.7%) persons had TB disease resistant to RIF, PZA, or EMB;
and 8782 (4.5%) persons had INH monoresistance at TB diagnosis (see Supplemental
Digital Content Figure 1, available at http://links.lww.com/JPHMP/AG01).

Among persons with DST results, INH monoresistance increased from 4.1% in 1993 to
4.9% in 2016, whereas MDR TB decreased from 6.5% in 1993 to 1.5% in 2016 (Figure 1A).
The percentage of verified TB cases with INH monoresistance has remained higher among
non-US-born persons than among US-born persons each year during 1993-2016 (Figure
1B), with non-US-born residents accounting for 65.3% of the INH-monoresistant TB cases
(n =5737) during 1993-2016. However, the gap in INH monoresistance by nativity has been
narrowing since 2003 (P <.05). For cohorts born before 1980, the percentage of TB patients
with INH monoresistance was higher among non-US-born than among US-born residents;
in contrast, for cohorts born after 1980, the frequency of INH monoresistance was higher
among US-born than among non-US-born residents (Figure 2).

J Public Health Manag Pract. Author manuscript; available in PMC 2021 April 30.


http://links.lww.com/JPHMP/A601

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Igbal et al.

Page 6

Trends in INH monoresistance among non-US-born residents, 1993-2016

Trends in IN

Risk factors

Among non-US-born residents, trend analysis demonstrated that the percentage of TB
patients with INH monoresistance has remained steady (average APC = -0.3; 95% CI: -0.7
to 0.2). Among non-US-born residents, the majority of persons with INH-monoresistant TB
(75%) were from 10 countries: the Philippines (22.2%), Mexico (16.4%), Vietnam (10.1%),
India (6.8%), China (6.0%), Haiti (4.3%), Republic of Korea (4.0%), Guatemala (1.8%),
Somalia (1.8%), and Ethiopia (1.6%) (see Supplemental Digital Content Table 1, available at
http://links.lww.com/JPHMP/A601). Among non-US-born persons from the top 10
countries for INH monoresistance, higher than average INH monoresistance (5.2%) was
observed for persons from the Philippines (9.1%), Republic of Korea (7.5%), Somalia
(6.5%), Haiti (6.3%), Vietnam (6.0%), and China (5.4%).

H monoresistance cases among US-born residents, 1993-2016

Trend analysis among US-born residents demonstrated that the percentage of TB patients
with INH monoresistance did not change significantly during 1993-2002 (APC = -1.4%;
95% CI: 3.5 t0 0.7), but the trend increased during 2003-2016 (APC = 2.8%; 95% ClI: =
1.4-4.2). To identify patient attributes associated with the increase in APCs among US-born
persons with INH-monoresistant TB since 2003, we compared the distributions of
demographic, social, clinical, and treatment attributes from the early (1993-2002) to the late
periods (2003-2014) for treatment variables or 2003-2016 for demographic, social, and
clinical variables (see Supplemental Digital Content Table 2, available at http://
links.lww.com/JPHMP/AG01). The late period had higher percentages of patients who were
Hispanic, Asian, American Indian/Alaska Natives, and persons aged 5 to 24 years. The later
period also had higher percentages of patients with improved treatment outcomes along with
lower percentages of patients with previous TB, HIV infection, residency in a long-term care
facility, and injection-drug use. A similar distribution of patient attributes was identified
when comparing cases during early (1993-2002) and late (2003-2014) periods among
patients with drug-susceptible TB disease.

for INH-monoresistant TB among non-US-born residents, 1993-2016

Multivariable analyses among non-US-born residents demonstrated that the following risk
factors were significantly, positively associated with INH monoresistance TB cases during
1993-2016 (Table): (a)age groups of 15-24, 25-44, and 45-64 years; (b) Asian, black, and
Hispanic race/ethnicity; (c¢) prior TB disease; (d) extrapulmonary-only disease site; and (&)
positive tuberculin skin test. Treatment outcomes and therapy among non-US-born residents
during 1993-2014 demonstrated that not receiving initial INH therapy, directly observed
therapy, and not completing therapy in less than 1 year were significantly associated with
INH monoresistance. Among the additional TB risk factors during 2011-2016 among non—
US-born persons, TB not attributed to recent transmission, contact with an MDR TB patient
within the previous 2 years, diabetes mellitus, and incomplete LTBI therapy were
significantly associated with INH monoresistance.
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Risk factors for INH-monoresistant TB among US-born residents, 2003-2016

In multivariable analysis, the following risk factors were significantly associated with INH-
monoresistant TB among US-born TB patients during 2003—-2016: (a) age groups of 0-4, 5-
14, 15-24, 25-44, and 45-64 years; (b) Asian race; (¢) HIV infection; and (d) residency in a
correctional facility at the time of diagnosis. Treatment outcomes and therapy among US-
born persons during 2003-2014 demonstrated that not receiving initial INH therapy and not
completing therapy in less than 1 year were significantly associated with INH
monoresistance. The US-born persons with culture results converting from positive to
negative in less than 2 months were inversely associated with INH monoresistance. Among
the additional TB risk factors for 2011-2016 among US-born persons, contact with an MDR
TB patient within the previous 2 years and TB attributed to recent transmission were
significantly associated with INH monoresistance.

Discussion

Trends in INH monoresistance overall

Isoniazid monoresistance increased among TB patients in the United States during 1993—
2016 in contrast with stable rates for MDR TB. By nativity, trends in INH monoresistance
demonstrate no change in percentage among non—-US-born patients during 1993-2016 and
US-born patients during 1993-2002. Since 2003, US-born TB patients have had an
increasing trend in INH monoresistance.

Trends in and risk factors for INH monoresistance among TB patients

A previous study by Hoopes et al'8 examined the associated characteristics of INH
monoresistance in the United States during 1993-2003. We identified similar associations
with INH monoresistance to the prior study with an increased likelihood among persons
aged 15 to 64 years, US-born Asian/Pacific Islanders, non-US-born blacks and Asian/
Pacific Islanders, correctional facility residency, history of TB disease, and not completing
therapy in less than 1 year. We also identified a decreased odds of resistance among non—
US-born persons who had initially received INH treatment. However, our study differed by
finding an increased odds for resistance among US-born persons aged 0 to 14 years or
among all US-born persons with positive HIV infection status and among non-US-born
Hispanics. These differences might be the result of changing incidence of TB by age groups
through time20 and increased testing and reporting of HIV status among persons with TB11
since 2003.

We identified an association between having a history of previous TB and INH
monoresistance, regardless of nativity. Furthermore, regarding non-US-born persons, we
established an association with INH monoresistance among persons who failed to complete
LTBI therapy. The association of a history of TB disease or failure to complete LTBI therapy
was expected because TB patients who do not complete or have inadequate treatment are at
an increased risk for experiencing drug resistance.’

Among racial/ethnic groups, INH-monoresistant TB was more likely to be associated with
Asians, regardless of nativity. Outside of Eastern European regions, multiple countries in
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Asia have reported the highest percentages of INH resistance.?! Possibly, US-born and non-
US-born Asians might have close contact with relatives living in regions of Asia where INH
monoresistance is prevalent.

Birth cohort and regression analyses that included a variable for TB attributed to recent
transmission appear to support the idea that non—US-born persons are unlikely to have been
exposed to INH-monoresistant TB while residing in the United States. Among non-US-born
persons with INH monoresistance, a substantial decline among persons born after 1980 and
lower odds of TB attributed to recent transmission existed. Therefore, non-US-born persons
with INH-monoresistant TB might have had the infection before residing in the United
States. Among US-born persons, however, we identified a higher odds of TB attributed to
recent transmission and a continued risk for INH monoresistance for persons born among
the most recent birth cohorts of 2000 and 2010, indicating transmission of INH-
monoresistant strains within the United States. We hypothesized that there were zero cases
of INH monoresistance among the 2010 birth cohort of non—-US-born pediatric patients for
the 2010 birth cohort because they were less likely to have recent transmissions of TB and
isolates for DST.

Our study had certain limitations. The variables of HIV status, sputum culture, and
tuberculin skin test among US- and non—US-born persons and years in the United States
among non-US-born persons had more than 10% missing data, which might limit the data’s
interpretability. Also, although trend analyses revealed an increase in INH monoresistance
among US-born persons after 2002, we observed a lower percentage of cases among US-
born persons with INH monoresistance for 2015 and 2016, compared with 2014. The
decrease could be the result of health care providers prescribing INH-free treatment for
LTBI. However, of the 4 LTBI-recommended therapies by the American Thoracic Society
and the Centers for Disease Control and Prevention,22 3 of the treatment regimens contain
INH. We have no empirical evidence that the 2-year decrease in INH monoresistance was
caused by prescribers switching from regimens with INH to those without INH. Whether
this decreasing trend will continue is unclear. For treatment outcome measures, we restricted
the analysis to persons with sputum culture only to reduce the number of adjusted regression
analyses. Therefore, treatment completion and outcome were not measured for persons with
extrapulmonary TB. The direction of the potential causal association between INH
monoresistance and initial drug regimen or not completing therapy in less than 1 year cannot
be determined from the analysis. A possible explanation for these associations is that the
health care providers knew or suspected that a case was resistant to INH and therefore did
not use INH in the initial regimen or prescribed extended treatment for more than 1 year.
Finally, National Tuberculosis Surveillance System provides limited longitudinal patient
information and does not include detailed information regarding prior treatment for TB
disease. Therefore, we were unable to assess the type and completeness of prior TB therapy
for patients who had previous TB and were unable to determine whether INH
monoresistance was acquired or primary.
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Conclusions

Among US-born persons with TB during 2003-2016, INH monoresistance increased and
was associated with being younger than 65 years, being of Asian race, being HIV-infected,
having resided in a correctional facility at the time of diagnosis, being a recent contact of an
MDR TB patient, or having TB attributed to recent transmission. Although INH
monoresistance did not increase among non—-US-born persons during 1993-2016, the
percentage of INH monoresistance was higher each year, compared with US-born persons
during the same period. Reducing the incidence of INH-monoresistant TB and improving
efforts to ensure treatment completion, particularly among US-born INH-monoresistant TB
cases, are a high priority for controlling TB morbidity beyond 2016.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Implications for Policy & Practice

Reducing isoniazid (INH) monoresistance is essential for TB control and
elimination in the United States.

The findings from this study can guide TB control policies and clinical
practice in states and localities with higher burdens of latent TB infection
(LTBI) and INH-monoresistant TB disease and disproportionately high
concentrations of patients with risk factors for INH monoresistance.

Policymakers can use these findings to better target resources and support
programs for improving completion rates for LTBI and TB disease with
recommended treatment regimens.

Clinicians can use the findings to assess and meet the need for interventions
among patients with LTBI and TB disease to prevent development of INH
monoresistance.
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FIGURE 1.

(A) Percentage of Verified Tuberculosis Cases With Isoniazid Monoresistance or Multidrug

Resistance, by Year—United States, 1993-2016. (B) Percentage of Verified Isoniazid

Monoresistant Tuberculosis Cases Among US-Born and Non-US-Born Persons, by Year—
United States, 1993-2016. Abbreviation: TB, tuberculosis.
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FIGURE 2.
Percentage of Verified Isoniazid (INH)-Monoresistant Tuberculosis (TB) Cases Among

Born and Non-US-Born Persons, by Decade of Birth Year—United States, 1900-2016.
Abbreviation: INH, isoniazid.

J Public Health Manag Pract. Author manuscript; available in PMC 2021 April 30.

uUs-




Page 14

Igbal et al.

5 STHEIS UONO3JUl AIH

— €T 89TT TT 19 80 9z ST 114 umouun 4o BuIssIN
(8797197 Ay 168¢ 7L 0Ty N4 G.6T A €L BN
(s2uas9gay) T 96 168 /8 8'16 9925 L'v6 280 €€ 7'€6 vZeT ON

4. snoinaid Jo A10isiH

— S0 LTy 7’0 €z — 20 8L TT 91 umousun/Buissiy
(8z-60)97 €0 92 20 €1 (€v-L0) LT 7’0 T 90 6 aoes a|dnIniA
(souasagad) T 29 9¢.§ g€ 102 (souasogey) T L'SE €9y 21 0'0¢€ 92y SHUM

Qhwucm_m_
(T1-€0)50 90 £r§ z0 1T (LT-T0) t0 L0 822 €0 4 O1419ed Jayjo/uellemeH aAIIeN
©1-ZT) 7T G'ee YST 1€ 1.2 GSST (€1-80)0'T 0T v.8Y A GTZ SluedsiH
(6T-v1) 97T €€l 68€ ¢T A4 169 (€1-60) 0T 9y 898 ¥T 7'y 629 Xoelg
(9z-6T) e 9'S 6GE v 7’95 9gze (FzT1) 9T L' €6 Ly 99 gV
(T9-T0) 80 70 8y 0 T (€1-90)60 8'€ €eeT L €5 3AIEN ©Se|\//UBIpU| UedLISLUY
Aoruysa/eoey

— 0 8 0 T — 0 z 0 0 umousun/Buissiin
(s2uais9gad) T G 956 6T 9.1 2101 (e2uasegey) T T 1876 79T 822 G92
91D ¥T Va4 6.5 €C 0'6C 2991 (812181 7'l SL0ET 6'L€ 8€5 v9-a
(ST ¥'T €6 625 9€ 607 Svez (e LT 8'€z L0€8 6'62 vy T4
FT-TTCT T€T geret 61T 89 (829112 08 8.2 STT €91 v2-ST
(81-80) 2T 90 165 90 43 (96-6T)C€ TT 26¢ 14 o y1-§
(L1-€00) 20 10 91T 0 T (ee—zT) 0T 9¢C 68 S Ge 70

A ‘aby
o1Is1I8loeIRYD
(feAa81u] 82UBPIILOD % N % N (fenssaug % N % N
%66) o1vey 30UBPLUOD
sppO passnlpy (016 ¢6 = (LeL5=1) %66) oney (ee6 vE = BTYT =
u) g1 8|qndsosng-bnug g 1UBISISBI0UON-HNI sppO pasnipy u) 91 8|qndsosns-fnig  u) g1 IUeISISSIOUOIN-HNI
(9T02-€66T) UI0G-SN—UON (9T0z-€00¢) U10g-SN

,9T0Z-€002 ‘sarels panun ‘AuaneN Aq ‘gL sjqndsasns-bni@ pue (g.1) sisojnosagny
1UBISISaIOUOIN-(HNI) P1ZeIuos| YA Slualled Jo Sonsiialoeleyd 101oe4 ySiy [euonippy pue ‘awodin pue juawieal] ‘olydesbowaq 1o} soney sppo

31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Public Health Manag Pract. Author manuscript; available in PMC 2021 April 30.



Page 15

Igbal et al.

(ouaiapey) T LTS G6E 0€ AL 86T 9'€9 €€8 €T €'€9 065 (L0Q) panussgo Apoaila
Adelay} JO uoneASILILPY
— 0 o1 10 [ — 0 S 20 [ umowun/Buissiy
(souaiaged) T €66 9€€ 85 8'G6 ST.E (s0uaisegey) T 8'86 LIy T 7'56 188 EIN
(zL-Lv) 85 L0 TOY TV 09T (69-L2) eV zT €52 oY e ON
pIZeiuosli [eniul paAlsdsy
,Sons1sIoRIRYD
9WI0J2]1N0 Jusaweal]
(€Tv0T et 6'.€ 8ve ¢ €€ 44 L'6€ 298 €T €€ 625 umou3un 10 ‘BuIssiw ‘auop 10N
(eT1-TNCT TS 9€ 8 875 SyTE A4 €2y ST Loy 299 BAINSOd
(s0uaisagay) T 00T 8626 6L il 1A%) 8795 091 Lze anieBaN
1S9} UIYS u1naJagn.L
9'9T 67 T YT L08 (01-90) 80 0.1 965 Lt 08T umouXun Jo ‘Buissiw ‘auop 10N
(434 €ST OF 6'SY €9z (€1-60)TT g8y €76 97 G2 S. 8AINSOd
oy 81¢ L€ 0oy 962¢ (souasegey) T §ve ¥S0 2T 8've €6v anieBoN
ainynd wninds
— 0 2 0 z 0 T 0 0 umousun/BuIssin
(80-20) L0 8'6 zeTe 8L 144 96 65€€E T6 621 ylog
(8'0-20)80 §0C LT0 6T €L 066 GeT €Ly €zt SIT Areuownd
(souaipged) T 1’69 0S. ¥9 6vL 6627 89, 0v8 92 9'8L ann Areuow|ndesnx3
alIs aseasig
80 9L L0 o — 0T 16€ €T 6T umouNun/BuIssIN
0C 2881 §C evT (Tz21) 91 ey GOST 9L 80T SOA
1.6 252 06 8'96 FAsIele (souasegey) T L'76 LL0€E 016 1621 ON
sisoubeip
10 8w} e A1[198) [UOII3.I0D JO JUBPISDY
Ty LT0 Ty 7’9y 992 (01-L0)60 9'9¢ 8826 6'0C 162 umouun 10 “Bussiu p'Ho
6'G 2055 §g 91€ L1171 68 80T€ Lt 08T BAINSOd
6'67 T6€ 97 T8y 1612 (souasegey) T G179 1€522 7'99 Tv6 aniefaN
(fenaa1u] 82UBPIILOD % N % N (rensa1u) % N % N
%66) o1rey 92U3pYuUOD
sppo passnipy (016 ¢6 = (LeL5=1) %66) oney (ee6 vE = (8TYT =

u) g1 9jgndsosns-bnig

g1 JUeIsISaIOUOIN-HNI

sppo paisnipy

u) g1 9jgqndaosns-bnig

U) 9.1 JU.ISISSI0UON-HNI

(9T0Z-€66T) Ul0g-SN-UON

(9T02-€002) udog-sn

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Public Health Manag Pract. Author manuscript; available in PMC 2021 April 30.



Page 16

Igbal et al.

(s0uasagay) T 6.6 8ce 2e 0'L6 69€T 7’96 L6TTT €'96 125 umouxun/BulssIiN

(Tz-11)87 0 29y 0€ oy 9¢ STy Le 0z S8A
>Q9m5 uondsjul sisojndiagni jusie| muw_QEoo:_

(s0uasagay) T 818 695 8T 6L 8ITT 0.8 €0T 0T 6'88 98y umouxun/BulssIiN

(r1-zom et z81 12Ty 802 €62 0€T 60ST zTT 19 S8A
sn|jpW saleqeIq

(s0uasagay) T 6'66 L19ee L'66 LOYT (s0ouasagey) T 0'00T 809 TT 8.6 GeS umouxun/BuIssIiN

(ro1-€T) 9% 10 €1 €0 4 (2'561-9'8) 607 0 4 2e 4 SIA
(A Z snoinaid uiynm) usized g1 jueisisal-bnipijnw 4o 10e1U0D

— L't 0.0T 6€ el — 6'S 069 67 1z umousun 10 BuIsstiAl

(s2uas9gay) T 7’18 L2861 9'06 6.2T (soussayey) T L'69 5608 Z19 gee ON

(6'0-9'0) L0 6L €6LT g's LL (8T-v0T) ¥'T v Le8e 8'ee 68T SOA
UOISSILISURI) JU323J 01 PaINqLNY
53103984 >is1 G| [eUORIPPY

— €8 88y 68 Sve — vy €96 4 or umouNun/BuIssIN

€160 TT L oy 59 €5z (' T-L'0) 0T TIL e g8 6L JA1aibtR 10N

(sz-12)¢ee 9L vlvy 9'9T 29 (rz—+'71)81T 08 LELT 8'€T 6¢T ON

(s0uaiagey) T L'L 612 S 89 1892 (s0usiagey) T 59L 819 9T v'eL 89 BN
A 1> ul Adesayy pajejdwo)

Sy S92 9 6.1 — a4 656 §G 15 umouun/BuIssIN

8T 1526 A 055 (T1-90)80 897 6v9¢ A et HaAuo J0U pId

'8¢ 685 9T 9'8C 0TTT (56'0-90) 80 8z GETL 7'0€ €8¢ =

G118 952 0€ 928 8202 (soussayey) T 09 9666 005 99y >
SYIUOW ‘UOISIBAUOI 0} W]

— v €08 ST 65 60 202 0T 6 umousun/Buissi
paJalsiulwpe

(T1-07) 07 6'0€ 9T 8T v'ee €627 98z 6029 6'62 6.2 ~J18s pue 1OQ yiog

(6:0-2'0) 80 09T G8¢6 (134" TS 69 1671 8G S paJaIsiuILIpe-}|aS

(fenaa1u] 82UBPIILOD % N % (rensayu) % N % N
%66) o1rey 92U3pYuOD
sppO passnipy (0T6 26 = (LeL5=1) %66) oney (ee6 vE = (BTYT =
u) g1 a|qndsosns-Gnig g1 JUBISISIOUOIA-HNI SppO paisnlpy u) g1 8|qndsosns-Gnig ) g1 JUeISISBIOUON-HNI

(9T0Z-€66T) Ul0g-SN-UON

(9T02-€002) ulog-sn

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 April 30.

1

J Public Health Manag Pract. Author manuscript



Page 17

Igbal et al.

(069 22 =
u) g1 ajqndaasns-bnip pue (TTHT = U) Juelsisalouow-HN| ‘suosiad uiog-sn-uou Buowyy *(zT9 TT = u) g1 a1qndaasns-Bnip pue (1S = u) Jueisisaiouow-HN| ‘suosiad ulog-sn Buowe ‘9T0Z-TT0Z mc::n_m

“Juswyeas) Buireniul Jaye
Jeak T ulynm A13unod ay 4O IN0 paAOW pey oYM asoy} pue ‘uawidads poojq e uo 1sa) uonealyijdurie pioe 218]anu aA1Isod e 10 81n3nd poojq aAnisod Jo aseasip Aleljiw yim (siesk $T—0 pabe) siusied oureipad

10 ‘WBISAS SNOAIBU [BJIUBD BU) JO 8SeasIp Jo ‘aseasip [eabulusw ‘aseasip juiol pue auoq pey ‘yuswies.i Buieniul Jo Jeak T UIyNM palp pey oym asoyl papnjoul ajqibiijaul pawasp suosiad ‘sisAfeue siy} c_»N

‘(L¥2 85 = u) g1 ajqndaasns-Bnip pue (/8¢ = u) JueIsIsalouow-HN| ‘suosiad ulog-sn-uou Buowy “(Sg/ Tz = u) ajqndaasns-bnip pue (ze6
= U) JuelsISaIouow-HN| ‘suosiad uiog-sn Buowy $T0z ul Bulpus Juawainsesw Jo pouad 1s81e] "a1nynd wninds aAisod e pue paquasald Bnip T Jo uswifias [eniul ue yum ‘sisoubelp 1e aale m:oﬂwn_m

*31BUILLIBIOPUI JO UMOUMUN ING PBI3L0 pUB Palajo Jou sise} Alojelogel AlH ‘sapn|oul EEO~Q
*TTOZ Ul UOIUBABIJ PUB |0J1U0D 8seasi 10} SI81UaD 8y} 01 S)Nsal 18} AlH Buniodal uebaq eluIoj1[eD,
"£002 [13UN SUBISY SB P3IUN02 3J9M SI9pUB|S| o:_um&:m__ss@_._a

‘|apow paisnipe ay Jo 1ed B 10U 8J9M PUE 8INSEaW SLW0IINO
3} Yl paleroosse AjiueaiyiuBis 10U a1am SaInseaw a|qeLieA ay 1ey) a1ealpul () sasdi||3 ‘sisAjeue paisnipe ay) Ul papN|oul JOU 818M UOIRII0SSE JO S3INsealll [9A3] d|qeLIeA 3y Jey a1ealpul (—) saysed,,

'SISO|N2IBQNM ‘gL ‘PIZeIuos! ‘HNI ‘SniiA Aousioiapounwiwi uewiny ‘AJH :Adesayr paaasqo A110alip ‘1O :SUoneIAIgaY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2021 April 30.

1

J Public Health Manag Pract. Author manuscript



	Abstract
	Methods
	Selected analytic samples
	Statistical analyses
	Assessing annual trends in INH monoresistance
	Identifying birth cohort effects on INH monoresistance among US-born or non–US-born residents with TB disease
	Associated factors for INH monoresistance

	Ethics assurances

	Results
	Trends in INH monoresistance
	Trends in INH monoresistance among non–US-born residents, 1993–2016
	Trends in INH monoresistance cases among US-born residents, 1993–2016
	Risk factors for INH-monoresistant TB among non–US-born residents, 1993–2016
	Risk factors for INH-monoresistant TB among US-born residents, 2003–2016

	Discussion
	Trends in INH monoresistance overall
	Trends in and risk factors for INH monoresistance among TB patients
	Limitations

	Conclusions
	References
	FIGURE 1
	FIGURE 2
	TABLE

