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Abstract 
 

 
Comparing factors for recent transmission of tuberculosis by country of origin — 

United States, 2011–2014 
 

By Kala Marks 
 
 

Marginalizing conditions, such as homelessness, alcohol use, illicit drug use, and 
incarceration, have been well established as risk factors for recent transmission of 
tuberculosis (TB) among U.S.-born cases but have not been well studied among foreign-
born cases.  Thus, we sought to 1) determine if marginalizing conditions were associated 
with recent transmission among foreign-born persons in the United States, and 2) to test 
whether these associations significantly differed between U.S.-born and foreign-born 
cases.  We conducted a nation-wide study using genotyped cases reported to the National 
TB Surveillance System during January 2011–September 2014.  We estimated recent 
transmission using a novel field-validated plausible source-case approach and used log-
binomial regression to evaluate the associations between recent transmission and each of 
the marginalizing conditions by local and foreign birth.  Of the 26,562 analyzed cases, 
3,820 (14%) were attributable to recent transmission, including 2,522 of 9,199 (27%) 
U.S.-born cases and 1,298 of 17,363 (8%) foreign-born cases. Among foreign-born TB 
cases, recent transmission was positively associated with homelessness (adjusted 
prevalence ratio [aPR] = 1.7; 95% confidence interval [CI] = 1.4, 2.2), illicit drug use 
(aPR = 1.4; 95% CI = 1.1, 1.8), and excessive alcohol use (aPR = 1.3; 95% CI = 1.1, 1.6), 
and negatively associated with incarceration at diagnosis (aPR = 0.5; 95% CI = 0.3, 0.7) 
after controlling for age (broad age categories) and race/ethnicity.  Aside from 
incarceration at diagnosis, which was more negatively associated with recent 
transmission among foreign-born persons, there was no evidence to suggest that these 
associations significantly differed by origin of birth (p>0.05).  Our results reiterate the 
need for improved TB control strategies among marginalized populations in the United 
States and show that marginalizing conditions are important factors for transmission 
regardless of local or foreign birth.  
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MANUSCRIPT 
 

Introduction 
 

While the overall incidence of tuberculosis (TB) in the United States has been 

declining since the 1990s, from 9.7 cases per 100,000 in 1993 to 3.0 cases per 100,000 in 

2014, the proportion of TB cases occurring in foreign-born persons has been steadily 

increasing (1).  In 2014, an estimated 66% of the incident TB cases were in foreign-born 

persons, more than double the proportion reported in 1993, and the TB incidence rate, at 

15.4 cases per 100,000, was nearly 13 times higher than the rate among the U.S.-born (1). 

Thus, addressing TB in foreign-born populations is essential to reaching TB elimination 

in the United States (1 case per 1,000,000 persons per year) (1). 

TB disease can result from infection acquired recently or from reactivation of TB 

infection acquired in the more distant past.  TB genotyping, in combination with spatial 

and temporal data, is frequently employed as a tool to help identify TB cases that may be 

involved with recent transmission (2–4). These methods are based upon the assumption 

that cases related by recent transmission in a geographic area of interest will be infected 

with strains showing an identical genotype, while cases that were infected in the past, or 

that were infected outside of the geographic area of interest, will be infected with strains 

that have a unique genotype (5).  However, genotyping is not a perfect predictor of 

transmission, and not all cases with a shared genotype are related by recent transmission.  

Although recent transmission only accounts for an estimated 14% of reported TB 

cases in the United States, and most transmission is thought to occur among U.S.-born 

populations, TB outbreaks involving foreign-born persons do occur (6–11).  Yet, risk 
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factors for transmission among foreign-born populations have not been well studied.  

Given that transmission dynamics have been shown to differ between U.S.-born and 

foreign-born populations, identification of factors associated with transmission among 

foreign-born persons may be helpful in prioritizing resources and guiding TB control 

efforts within these populations (12,13). 

Recent transmission is frequently associated with characteristics that are common 

among marginalized populations, including homelessness, previous incarceration, illicit 

drug use, and excessive alcohol use (hereinafter referred to as “marginalizing 

conditions”) (12–16).  While these marginalizing conditions have been well established 

as risk factors for recent transmission among U.S.-born populations, few studies have 

specifically evaluated them as risk factors for recent transmission among foreign-born 

populations. Moreover, the studies that have analyzed factors associated with recent 

transmission in foreign-born populations are geographically limited and are dependent 

upon methods of estimating recent transmission that have not been validated by field 

epidemiology (12,13,17,18).   

Nevertheless, the few field- and genotype-based studies that did compare recent 

transmission among U.S.-born and foreign-born populations found that the majority of 

transmission occurred between U.S.-born persons who had at least one marginalizing 

condition (8,12,13).  In contrast, TB transmission among foreign-born persons occurred 

exclusively in household settings among persons with no social risk factors (12).  While 

these and other studies have shown that marginalizing conditions are less frequent among 

recent transmission clusters involving foreign-born persons, the studies did not 
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investigate whether marginalizing conditions are important predictors of recent 

transmission among foreign-born populations as well (12,13,19). 

Thus, we conducted a large nation-wide study using a novel field-validated 

plausible-source case approach to estimate recent transmission to 1) determine if these 

marginalizing conditions are associated with recent transmission among foreign-born 

populations, and 2) to test whether the associations between recent transmission and each 

of the marginalizing conditions significantly differ between U.S.-born and foreign-born 

cases (20).  Given that TB transmission dynamics differ for U.S.-born and foreign-born 

populations, we hypothesize that the associations between recent transmission and each 

of the marginalizing conditions will significantly differ by local versus foreign birth.  

 

Methods 
 
Data Source and Study Population 

The study population includes all verified TB cases with valid genotyping results 

and known country of origin reported to the U.S. National Tuberculosis Surveillance 

System (NTSS) by 49 states and the District of Columbia during January 1, 2011–

September 30, 2014; TB cases reported in Oklahoma were excluded because they lacked 

sufficient geographic information to be evaluated for recent transmission by the 

plausible-source case approach.  The NTSS includes routinely collected demographic, 

clinical, and epidemiologic data for each reported TB case in the United States (21).  

Routine genotyping of all culture-positive TB cases is also conducted as a part of the 

NTSS and is used to uniquely characterize M. tuberculosis isolates.  Since 2009, 

genotypes have been characterized using a standardized protocol for spacer 
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oligonucleotide typing (spoligotyping) and 24-locus mycobacterial interspersed repetitive 

unit–variable number of tandem repeats (MIRU–VNTR) typing (18,22).  

Marginalizing Conditions 

 To understand how recent transmission of TB is associated with marginalized 

populations among U.S.- and foreign-born persons, we analyzed four characteristics 

captured by the NTSS: homelessness within the past year, excessive alcohol use within 

the past year, illicit drug use within the past year, and incarceration at the time of 

diagnosis (23).  Due to collinearity between the separate variables, non-injecting drug use 

and injecting drug use, we combined them into one variable to indicate any illicit drug 

use. 

Country of Origin 

 The NTSS includes information about country of origin, categorized as either 

foreign-born or U.S.-born, for all reported TB cases in the United States.  In accordance 

with the U.S. Census Bureau definition of foreign-born, individuals were classified as 

U.S.-born if they were either born in the U.S. or an associated jurisdiction, or if they were 

born in a foreign country but had at least one parent who was a U.S. citizen (23). 

Individuals not meeting this definition were classified as foreign-born.  Those with a 

missing or unknown country of origin were excluded from the analysis. 

Estimating Recent Transmission  

We evaluated each reported TB case with valid genotyping results from January 

1, 2011–September 30, 2014, for recent transmission using a novel field-validated 

plausible-source case approach (20).  Each case was compared to cases reported during 

the full study period (January 1, 2009–December 31, 2014) to determine if a plausible-
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source case could be identified; if a plausible-source case was identified for a given case, 

then the given case was attributed to recent transmission.  To be eligible as a plausible 

source for a secondary case, the source case must have an infectious form of TB, must 

have an identical genotype, must reside within 10 miles of the secondary case, and must 

have been diagnosed within 2 years before or up to 3 months after the secondary case 

(20).  TB cases in foreign-born persons who were diagnosed within 100 days upon arrival 

to the U.S. were never attributed to recent transmission even if a plausible-source case 

could be identified (20).  Those cases for which at least one plausible source case could 

be identified were classified as attributable to recent transmission.  All others were 

classified as not attributable to recent transmission. 

Statistical Analysis 

We used log-binomial regression to evaluate whether the association between 

recent transmission of TB and each of homelessness, illicit drug use, excess alcohol use, 

and incarceration at diagnosis significantly differs by country of origin.  Because 

transmission dynamics are different between adults and children, bivariate and 

multivariable analyses were restricted to persons 15 years of age or older (12).  To 

determine if independent associations with recent transmission and each of homelessness, 

illicit drug use, excess alcohol use, and incarceration at diagnosis significantly differed by 

country of origin, we created one multivariable model that included interaction terms 

between origin of birth and each of the aforementioned variables.  All statistical analyses 

were evaluated at an alpha level of 0.05.  We assessed for confounding by age (broad age 

categories), race/ethnicity, sex, and HIV status by evaluating the change in prevalence 

ratio estimates with and without each variable.  If the change in estimate was less than 
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10%, the variable was not considered a confounder and was not included in the model.  

We conducted collinearity diagnostics to detect any potential collinearity problems; 

variables with VIFs >10 were considered to be collinear. All statistical analyses were 

performed using SAS 9.3 (Cary, NC).   

Ethics Statement 

We analyzed data routinely collected by the CDC for disease surveillance and 

control purposes. The analysis was not considered human subjects research by the CDC 

or the Emory University Institutional Research Board (IRB), and does not require IRB 

approval. The only potentially identifying information included in the NTSS is a state 

case number assigned to each verified case; all state case numbers were removed prior to 

analysis.  

Results 
 

During January 1, 2011–September 30, 2014, a total of 36,674 verified TB cases 

in the 50 states and the District of Columbia were reported to the NTSS (Figure 1).  Of 

these, 28,283 (77%) were culture-confirmed and 26,793 (73%) had valid genotyping 

results; 71% of U.S.-born cases and 75% of foreign-born cases were genotyped.  After 

excluding cases reported by Oklahoma and those with unknown country of origin, we 

were left with a study sample of 26,562 cases: 17,363 (65%) among foreign-born persons 

and 9,199 (35%) among U.S.-born persons. Overall, 3,820 (14%) cases in the study 

population were attributed to recent transmission, including 2,522 of 9,199 (27%) U.S.-

born persons and 1,298 of 17,363 (8%) foreign-born persons.  

Table 1 provides descriptive analyses comparing patient characteristics for all TB 

cases as well as those cases attributed to recent transmission, stratified by country of 
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origin.  The proportion of TB cases associated with homelessness, illicit drug use, excess 

alcohol use, or incarceration at diagnosis is notably higher among the U.S.-born.  Among 

all U.S.-born cases, 2,091 (23%) reported excessive alcohol use, 1,601 (17%) reported 

illicit drug use, 1,072 (12%) reported homelessness, and 450 (5%) were incarcerated at 

diagnosis.  Among all foreign-born cases, 1,273 (7%) reported excessive alcohol use, 572 

(3%) reported illicit drug use, 493 (3%) reported homelessness, and 590 (3%) were 

incarcerated at diagnosis.  

Table 2 provides results from bivariate analyses between patient characteristics 

and recent transmission.  Among both U.S.-born and foreign-born populations, racial and 

ethnic minorities (vs. white race), males (vs. females), and persons 15–24 years old (vs. 

25–44 years old) were more likely to be involved with recent transmission, while persons 

65 years or older (vs. 25–44 years old) were considerably less likely to be involved with 

recent transmission.  For incarcerated TB cases, recent transmission is most positively 

associated with residency in local jails and is most negatively associated with residency 

in immigration and customs enforcement detention centers.  The majority of incarcerated 

U.S.-born cases are housed in local jails, and a large proportion of foreign-born cases are 

held in immigration and customs enforcement detention centers (Table 1).   

Among U.S.-born persons, excessive alcohol use (prevalence ratio [PR] =1.6; 

95% confidence interval [CI] = 1.5, 1.7), illicit drug use (PR = 1.7; 95% CI = 1.6, 1.9), 

homelessness (PR = 2.0; 95% CI = 1.9, 2.2), and incarceration at diagnosis (PR= 1.3; 

95% CI = 1.1, 1.5) were all positively associated with recent transmission.  Among 

foreign-born persons, excessive alcohol use (PR=1.6; 95% CI = 1.4, 1.9), illicit drug use 

(PR = 1.8; 95% CI = 1.6, 1.9), and homelessness (PR = 2.2; 95% CI = 1.8, 2.7) were all 
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positively associated with recent transmission, while incarceration at diagnosis (PR= 0.7; 

95% CI = 0.5, 1.0) was negatively associated with recent transmission. 

Results from the multivariable analyses show similar associations as those from 

the bivariate analyses (Table 3).  The risk factors, homelessness, illicit drug use, 

excessive alcohol use, and incarceration at diagnosis, were associated with recent 

transmission for both U.S.-born and foreign-born populations after adjusting for age 

(broad age groups) and race/ethnicity.  Gender and HIV status were also evaluated as 

confounders, but they did not meaningfully change the prevalence ratio estimates and 

were not included in the model. While the associations between recent transmission and 

each of the marginalizing conditions are slightly stronger among the foreign-born, the 

estimates, aside from incarceration at diagnosis, are not significantly different across 

strata (p > 0.05).   

Among the U.S.-born, homelessness (adjusted PR [aPR] = 1.6; 95% CI = 1.5, 

1.7), illicit drug use (aPR = 1.2; 95% CI = 1.1, 1.3), and excessive alcohol use (aPR = 

1.2; 95% CI = 1.1, 1.3) were positively associated with recent transmission, and 

incarceration at diagnosis (aPR = 0.9; 95% CI = 0.8, 1.1) was negatively associated with 

recent transmission after adjusting for age and race/ethnicity.  Similarly, among the 

foreign-born, homelessness (aPR = 1.7; 95% CI = 1.4, 2.2), illicit drug use (aPR = 1.4; 

95% CI = 1.1, 1.8), and excessive alcohol use (aPR = 1.3; 95% CI = 1.1, 1.6) were also 

positively associated with recent transmission, while incarceration at diagnosis (aPR = 

0.5; 95% CI = 0.3, 0.7) was negatively associated with recent transmission after adjusting 

for age and race/ethnicity.  
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Discussion 
  

This cross-sectional study is the first nation-wide analysis to evaluate factors for 

recent transmission of TB among foreign-born populations in the United States.  Using a 

novel field-validated plausible-source case approach, we found that recent transmission 

was independently associated with each of homelessness, illicit drug use, excessive 

alcohol use, and incarceration at diagnosis among foreign-born persons.  With the 

exception of incarceration at diagnosis, there was no evidence to suggest that these 

associations significantly differed between U.S.-born and foreign-born cases.  The results 

from this study reiterate the need for improved TB control strategies among marginalized 

populations in the United States and show that marginalizing conditions are important 

factors for transmission regardless of local or foreign birth.   

Of the 26,562 cases included in this 3-year study, an estimated 14% were 

attributable to recent transmission, including 27% of U.S.-born cases and 8% of foreign-

born cases.  While these results support the notion that the most transmission in the 

United States occurs among U.S.-born persons (12,14,15), our estimates of recent 

transmission are considerably lower than those observed by previous genotype-based 

studies of U.S. populations (24–26).  One explanation for this difference is that we 

evaluated recent transmission using a novel plausible-source case approach.  Unlike 

previous methods of evaluating recent transmission, the plausible-source case approach 

was validated using field epidemiology and requires identification of a plausible-source 

case to attribute cases to recent transmission (20).  This method has a calculated accuracy 

of 94% when the expected prevalence of recent transmission is between 10-15% (20).    
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Despite the fact that marginalizing conditions are not frequently associated with 

foreign-born TB cases (19), our results suggest that homelessness, excessive alcohol use, 

and illicit drug use are important predictors of recent transmission among foreign-born 

persons.  These findings are not unexpected, though, as marginalized populations are 

known to be disproportionally affected by TB disease (27).  Outbreaks of TB in the 

United States predominantly occur among marginalized populations (8), and numerous 

molecular epidemiologic studies have shown that patients with marginalizing conditions 

are more likely to be involved with recent transmission (6,14,15).  These findings are 

further substantiated by one study that showed genotype clusters were at a substantially 

increased risk of becoming an outbreak if any one of the first three patients reported at 

least one marginalizing condition (28).   

Persons experiencing homelessness are among the most marginalized populations 

in the United States (29) and were found to have the greatest magnitude of independent 

association with recent transmission among foreign-born cases.  Our results are supported 

by outbreaks that have been detected among persons experiencing homelessness (8,30–

32,11,33,34), and are consistent with previous genotype-based studies that have evaluated 

factors for recent transmission (6,14,15,35).  Transmission is believed to be elevated 

among the homeless due to a number of host and environmental factors.  First, persons 

experiencing homelessness are regularly associated with substance use, HIV infection, 

and malnutrition, all of which physiologically increase the likelihood of developing 

active disease among those who have been infected (36–38).  Second, homeless persons 

often lack access to or are unwilling to seek medical care (39–41), which prevents timely 

diagnosis of TB (42,43) and results in prolonged infectious periods (8).  Third, homeless 
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persons often congregate in overcrowded and poorly ventilated shelters, further 

facilitating transmission among these populations (44,45).  Lastly, difficulties in contact 

tracing may also contribute to transmission among these populations, as homeless 

persons often have many transient contacts (9,11,46) and other comorbidities, such as 

substance abuse or mental illness, that may decrease a patient’s willingness or ability to 

name contacts (47–49). 

Substance use, including excessive alcohol and illicit drug use, is commonly 

associated with marginalized populations and is the most prevalent TB risk factor among 

outbreaks in the United States (8,37).  During 2002–2008, 18 of the 27 reported 

outbreaks in the United States were characterized by substance abuse (≥50% of outbreak 

patients within a cluster reported substance abuse) (8).  Although our study period is 

later, this association seems to hold, as we found both excessive alcohol use and illicit 

drug use to be positively associated with recent transmission among foreign-born 

persons.  The physiological effects of substance abuse, along with the environment and 

risk behaviors of substance users, have been shown to contribute to the increased 

prevalence of recent transmission among these populations (36).  Research indicates that 

substance use may cause impairment of the immune system (50), which not only 

increases an individual’s susceptibility to active TB, but also facilitates development of 

more advanced and infectious disease (19,36,37,51).  Substance users are also more 

likely to delay seeking medical care (19,46), which in combination with the physiological 

effects, leads to longer periods of infectivity (8).  Additionally, substance use is likely to 

occur in confined and poorly ventilated settings, such as drug houses (49,52,47), bars 

(46,53), and vehicles (51), which all facilitate close and prolonged contact.      
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 Contrary to findings from previous molecular epidemiologic studies, we did not 

find a positive association between recent transmission and incarceration at diagnosis for 

both U.S.-born and foreign-born cases (14,15).  One possible explanation for this 

difference is that previous studies evaluated the association between recent transmission 

and past incarceration, rather than incarceration at diagnosis.  The positive associations 

observed in previous studies might have been an artifact of the population this variable 

was capturing, as persons with a history of incarceration are more likely to be involved 

with other risk factors for TB transmission, such as substance abuse and homelessness 

(19,54).  As further support for this hypothesis, another study that evaluated the 

association between incarceration at diagnosis and recent transmission also observed a 

negative effect (25).  However, given that inmates are frequently transferred in and out of 

correctional facilities (54), the degree of recent transmission among incarcerated 

individuals might have been underestimated by the plausible source-case approach due to 

the geospatial constraints imposed by the method.  

Although TB transmission dynamics differ between U.S.-born and foreign-born 

persons (12,13), our results suggest that there is no significant difference in the 

associations between recent transmission and each of homelessness, excessive alcohol 

use, and illicit drug use by country of origin.  While these associations were not 

statistically significant, they were slightly stronger among foreign-born cases, suggesting 

that these factors may be more predictive of recent transmission for foreign-born persons.  

The only marginalizing condition that significantly differed between U.S.-born and 

foreign-born persons was incarceration at diagnosis; foreign-born cases that were 

incarcerated at diagnosis were significantly less likely to be involved with recent 
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transmission than were U.S.-born cases that were incarcerated at diagnosis.  However, 

this difference is likely confounded by correctional facility type, as most U.S.-born 

persons were diagnosed in local jails, which have the strongest positive association with 

recent transmission, and a large proportion of foreign-born persons were diagnosed in 

immigration and customs enforcement detention centers, which have the strongest 

negative association with recent transmission.  Differences in transmission dynamics by 

correctional type are likely due to the characteristics of persons that are housed in each 

facility.  The majority of cases diagnosed in immigration and customs enforcement 

detention centers are in recent arrivals from countries with endemic TB, thus these cases 

likely represent remote transmission of TB (i.e., transmission that occurred outside of the 

United States).  In contrast, cases diagnosed in local jails typically originate from 

disadvantaged, marginalized populations and are more likely to engage in behaviors that 

are associated with recent transmission.  Ideally, we would have evaluated the association 

between recent transmission and correctional facility type, rather than overall correctional 

involvement, but there were not enough cases to analyze the data in this manner.  

This analysis has several important limitations.  First, TB genotyping can only be 

performed for cases with a cultured Mycobacterium tuberculosis isolate, and among those 

that do have a positive culture, isolate submission for genotyping is voluntary, thus our 

analysis does not include all reported TB cases for the study period.  However, aside 

from young age, which is disproportionally represented among non-genotyped cases and 

likely represents recent transmission, we found no meaningful difference with regards to 

demographic and social risk factors between cases with and without genotyping results 

(data not shown).  Although the proportion of cases attributable to recent transmission is 
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likely underestimated, we do not anticipate any systematic bias due to missing genotype 

results, as our analyses were restricted to persons 15 years of age or older.   

Second, in the absence of detailed epidemiologic data, genotype clustering only 

serves as a proxy for differentiating between recent transmission and reactivation TB.  

While the plausible source-case approach has been validated through field epidemiology, 

this method, like any method based on genotyping data without epidemiologic 

information on transmission links, has the potential for misclassification errors.  There 

are some circumstances in which cases related by recent transmission will not cluster, 

such as when related cases fall outside of the spatial or temporal frame of analysis or if 

mutation results in a change in the genotype.  Conversely, cases may be falsely classified 

as attributable to recent transmission if they were infected with the same genotype 

elsewhere but developed TB after resettlement in the same location (e.g., immigrants 

from TB endemic countries who resettle in the same neighborhood), or if they were 

infected with a common genotype that has been circulating in the population for many 

years.  In addition, because isolate submission is incomplete, recent transmission might 

be misclassified as reactivation TB if related cases were not detected due to missing 

genotype results.  However, non-genotyped cases are more likely to have clinical markers 

of less infectious TB (i.e., negative sputum smear results and non-cavitary disease) and 

are more frequently characterized by non-pulmonary disease (data not shown).  Thus, 

non-genotyped cases may be less likely to be source cases (55), so the degree of 

misclassification due to missing genotype results might not be that great. 

 Lastly, although the study population was large, there were not enough data to 

assess effect modification by country of birth or by time since arrival in the United States 
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among foreign-born persons.  Results from previous studies have shown that risk factors 

for recent transmission differ by country of birth (56), and there is evidence to suggest 

that foreign-born persons become more similar to U.S.-born persons with increasing time 

in the United States (57).  Thus, our analysis likely masked differences between these 

groups that are potentially important for guiding TB control efforts among foreign-born 

persons. 

In conclusion, we found that recent transmission is positively associated with 

homelessness, excessive alcohol use, and illicit drug use among foreign-born persons.  

However, there was no evidence that these associations significantly differed between 

U.S.-born and foreign-born persons.  While our results suggest that incarceration at 

diagnosis is negatively associated with recent transmission, this can be primarily 

attributed to the large proportion of foreign-born cases that were diagnosed in 

immigration and customs enforcement detention centers shortly after arrival to the United 

States.  Given that TB becomes increasingly concentrated within marginalized 

populations as the incidence of TB declines (27), our results reiterate the importance of 

addressing TB in marginalized populations regardless of local or foreign birth.    
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Tables and Figures 
 
Figure 1. Inclusion and exclusion criteria for reported cases of TB in the United States. 
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Table 1. Frequency of patient characteristics among total cases (N=26,562) and those 
classified as attributable to recent transmission for U.S.-born (N=2,522) and foreign-born 
(N=1,298) TB cases in the United States. Column percentages are presented. 
 

Abbreviation: RT, recent transmission. 
a Persons of Hispanic ethnicity might be of any race; non-Hispanic persons were categorized as American 
Indian/Alaskan Native, Asian, black, white, Native Hawaiian or other Pacific Islander, or of multiple races 
b Unknown HIV status includes those who refused testing, were not offered testing, had indeterminate 
results, or had a test done but the results were unknown 

Characteristic 
U.S.-born  Foreign-born 

Total (%) Attributable 
to RT (%) 

 Total (%) Attributable 
to RT (%) 

Overall 9,199 (34.6)  2,522 (27.4)   17,363 (65.4) 1,298 (7.5) 
Age      
≤4 259 (2.8)  144 (5.7)   14 (0.1) 1 (0.1) 
5-14 141 (1.5)  53 (2.1)   88 (0.5) 7 (0.5) 
15-24 918 (10.0)  337 (13.4)   1,867 (10.8) 204 (15.7) 
25-44 2,087 (22.7)  678 (26.9)   6,343 (36.5) 491 (37.8) 
45-64 3,542 (38.5)  1,077 (42.7)   4,823 (27.8) 373 (28.7) 
≥65 2,252 (24.5)  233 (9.2)   4,226 (24.3) 222 (17.1) 

Gender      
Female 3,046 (33.1)  791 (31.4)   6950 (40.0) 452 (34.8) 
Male 6,151 (66.9)  1,730 (68.6)   10,413 (60.0) 846 (65.2) 

Race/Ethnicitya      
American Indian/Alaska Native 354 (3.9)  143 (5.7)   4 (0.0) 0 (0.0) 
Asian 290 (3.2)  73 (2.9)   8,031 (46.3) 517 (39.8) 
Black 3,549 (38.6)  1,280 (50.8)   2,166 (12.5) 156 (12.0) 
Hispanic 1,643 (17.9)  457 (18.1)   5,930 (34.2) 577 (44.5) 
Multiple Races 66 (0.7)  15 (0.6)   338 (1.9) 14 (1.1) 
Native Hawaiian/Other Pacific 
Islander 140 (1.5)  53 (2.1)   42 (0.2) 2 (0.2) 

White 3,145 (34.2)  498 (19.8)   823 (4.7) 30 (2.3) 
Excessive Alcohol Use      

Yes 2,091 (22.7)  762 (30.2)   1,273 (7.3) 149 (11.5) 
No 6,972 (75.8)  1,724 (68.4)   15,839 (91.2) 1,134 (87.4) 
Unknown 136 (1.5)  36 (1.4)   251 (1.4) 15 (1.2) 

Illicit Drug Use      
Yes 1,601 (17.4)  646 (25.6)   572 (3.3) 77 (5.9) 
No 7,453 (81.0)  1,839 (72.9)   16529 (95.2) 1,209 (93.1) 
Unknown 145 (1.6)  37 (1.5)   262 (1.5) 12 (0.9) 

Homeless      
Yes 1,072 (11.7)  509 (20.2)   493 (2.8) 77 (5.9) 
No 8,075 (87.8)  1,996 (79.1)   16,726 (96.3) 1,217 (93.8) 
Unknown 52 (0.6)  17 (0.7)   144 (0.8) 4 (0.3) 

Incarcerated at Diagnosis      
Yes 450 (4.9)  149 (5.9)   590 (3.4) 31 (2.4) 
No 8,722 (94.8)  2,362 (93.7)   16,731 (96.4) 1,265 (97.5) 
Unknown 27 (0.3)  11 (0.4)   42 (0.2) 2 (0.2) 

Correctional Type      
Federal Prison 27 (0.3)  6 (0.2)   122 (0.7) 5 (0.4) 
State Prison 181 (2.0)  51 (2.0)   31 (0.2) 1 (0.1) 
Local Jail 224 (2.4)  88 (3.5)   249 (1.4) 22 (1.7) 
Immigrations and Customs 
Enforcement 2 (0.0)  0 (0.0)   162 (0.9) 2 (0.2) 

Unknown 11 (0.1)  3 (0.1)   17  (0.1) 1 (0.1) 
None 8,754 (95.2)  2,374 (94.1)   16,782 (96.7) 1,267 (97.6) 

HIV Status      
Positive 736 (8.0)  286 (11.3)   905 (5.2) 81 (6.2) 
Negative 7,157 (77.8)  1,977 (78.4)   14,339 (82.6) 1,110 (85.5) 
Unknownb 1,306 (14.2)  259 (10.3)   2,119 (12.2) 107 (8.2) 
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Table 2. Bivariate associations between patient characteristics and recent transmission of 
TB, stratified by local and foreign-birth. Crude prevalence ratios and 95% confidence 
intervals are presented. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abbreviation: PR, prevalence ratio; CI, confidence interval. 
a Persons of Hispanic ethnicity might be of any race; non-Hispanic persons were categorized as American 
Indian/Alaskan Native, Asian, black, white, Native Hawaiian or other Pacific Islander, or of multiple race 
b Unknown HIV status includes those who refused testing, were not offered testing, had indeterminate 
results, or had a test done but the results were unknown  

Characteristic 
U.S.-born   Foreign-born 

Crude PR 95% CI   Crude PR 95% CI 
Age       

15-24 1.1 1.0, 1.3   1.4 1.2, 1.7 
25-44 Reference   Reference 
45-64 0.9 0.9, 1.0   1.0 0.9, 1.1 
≥65 0.3 0.3, 0.4   0.7 0.6, 0.8 

Gender       
Female Reference   Reference 
Male 1.1 1.0, 1.2   1.3 1.1, 1.4 

Race/Ethnicitya       
American Indian/Alaska Native 2.5 2.1, 2.9   -- -- 
Asian 1.3 1.0, 1.7   1.8 1.2, 2.5 
Black 2.3 2.1, 2.5   2.0 1.3, 2.9 
Hispanic 1.6 1.5, 1.9   2.7 1.9, 3.8 
Multiple Races 1.4 0.8, 2.3   1.1 0.6, 2.1 
Native Hawaiian/Other Pacific 
Islander 2.3 1.8, 3.0   1.3 0.3, 5.3 

White Reference   Reference 
Excessive Alcohol Use       

Yes 1.6 1.5, 1.7   1.6 1.4, 1.9 
No Reference   Reference 
Unknown 1.1 0.9, 1.5   0.8 0.5, 1.4 

Illicit Drug Use       
Yes 1.7 1.6, 1.9   1.8 1.5, 2.3 
No Reference   Reference 
Unknown 1.1 0.8, 1.5   0.6 0.4, 1.1 

Homeless       
Yes 2.0 1.9, 2.2   2.2 1.8, 2.7 
No Reference   Reference 
Unknown 1.2 0.8, 1.9   0.4 0.2, 1.0 

Incarcerated at Diagnosis       
Yes 1.3 1.1, 1.5   0.7 0.5, 1.0 
No Reference   Reference 
Unknown 1.6 1.0, 2.5   0.6 0.2, 2.4 

Correctional Type       
Federal Prison 0.9 0.4, 1.7   0.5 0.2, 1.3 
State Prison 1.1 0.9, 1.4   0.4 0.1, 2.9 
Local Jail 1.5 1.3, 1.8   1.2 0.8, 1.8 
Immigrations and Customs 
Enforcement -- --   0.2 0.0, 0.7 

Unknown 1.1 0.4, 2.8   0.8 0.1, 5.2 
None Reference   Reference 

HIV Status       
Positive 1.4 1.3, 1.6   1.2 0.9, 1.4 
Negative Reference   Reference 
Unknownb 0.6 0.5, 0.7   0.7 0.5, 0.8 
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Table 3.  Multivariable associations between recent transmission and each of illicit 
substance use, homelessness, incarceration at diagnosis, and excessive alcohol use 
stratified by local and foreign-birth. Prevalence ratios are adjusted for age and 
race/ethnicity. Statistical interactions between origin of birth and each risk factor were 
assessed in one multivariable model.  
 

Abbreviation: aPR, adjusted prevalence ratio; CI, confidence interval

  
U.S.-born 

 
Foreign-born 

 Statistical 
Interaction 

 aPR 95% CI  aPR 95% CI  p-value 
Excessive 
Alcohol Use        

Yes 1.2 1.1, 1.3  1.3 1.1, 1.6  0.191 
Unknown 1.3 0.9, 1.8  1.3 0.7, 2.4  0.971 
No Reference  Reference   

Illicit Drug Use        
Yes 1.2 1.1, 1.3  1.4 1.1, 1.8  0.155 
Unknown 0.8 0.6, 1.1  0.7 0.3, 1.3  0.658 
No Reference  Reference   

Homeless       
Yes 1.6 1.5, 1.7  1.7 1.4, 2.1  0.480 
Unknown 1.1 0.7, 1.7  0.5 0.2, 1.4  0.192 
No Reference  Reference   

Incarcerated at 
Diagnosis       

Yes 0.9 0.8, 1.1  0.5 0.3, 0.7  <0.001 
Unknown 1.2 0.8, 1.7  1.1 0.3, 4.4  0.910 
No Reference  Reference   



 


