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Purpose: Using genotyping data of Mycobacterium tuberculosis isolates from new cases reported to the
tuberculosis (TB) surveillance program, we evaluated risk factors for recent TB transmission at both the
individual- and neighborhood- levels among U.S.-born and foreign-born populations.

Methods: TB cases (N = 1236) reported in Michigan during 2004 to 2012 were analyzed using multi-
variable Poisson regression models to examine risk factors for recent transmission cross-sectionally for
U.S.-born and foreign-born populations separately. Recent transmission was defined based on spoligo-
type and 12-locus-mycobacterial interspersed repetitive unit—variable number tandem repeat typing
matches of bacteria from cases that were diagnosed within 1 year of each other. Four classes of predictor
variables were examined: demographic factors, known TB risk factors, clinical characteristics, and
neighborhood-level factors.

Results: Overall, 22% of the foreign-born cases resulted from recent transmission. Among the foreign-born,
race and being a contact of an infectious TB case were significant predictors of recent transmission. More
than half (52%) of U.S.-born cases resulted from recent transmission. Among the U.S.-born, recent trans-
mission was predicted by both individual- and neighborhood-level sociodemographic characteristics.
Conclusions: Interventions aimed at reducing TB incidence among foreign-born should focus on reducing
reactivation of latent infection. However, reducing TB incidence among the U.S.-born will require
decreasing transmission among socially disadvantaged groups at the individual- and neighborhood-
levels. This report fills an important knowledge gap regarding the contemporary social context of TB in
the United States, thereby providing a foundation for future studies of public health policies that can lead
to the development of more targeted, effective TB control.
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Introduction decline in TB incidence has recently begun to stagnate [3], partic-

ularly among foreign-born populations [4], and in both urban and

Although the overall incidence of tuberculosis (TB) has been
declining in the United States, stark disparities persist in the dis-
tribution of disease, particularly by race and nativity. Asian and
Pacific Islanders (AI/PI) continue to have the highest incidence of TB
in the United States and show no evidence of closing the gap with
whites, whose incidence is lowest [1,2]. Moreover, the rate of
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rural populations [5,6].

From a clinical perspective, measures of individual immune
status and infectiousness are key to predicting transmission of
Mycobacterium tuberculosis (MTB) [7]: individuals with underlying
comorbidities, those with a positive sputum-smear, and those with
abnormal chest radiography results are more likely to be associated
with recent transmission. However, previous studies have also
found both individual-level and neighborhood-level sociodemo-
graphic factors to be predictors of recent TB transmission.
Individual-level sociodemographic characteristics such as younger
age [8—10], minority race/ethnicity status [8,11], male sex [9,10],
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and being native-born [8,11—13] have been associated with recent
TB transmission. In addition, “known TB risk factors” as defined by
the Centers for Disease Control and Prevention (CDC) surveillance
forms [14], such as homelessness [8,9,13], incarceration [8], and
drug use [13] have also been linked to recent transmission.
Neighborhood-level studies have demonstrated that area-based
measures of disadvantage are associated with increased incidence
and transmission of TB, a finding particularly pronounced for those
who are U.S.-born [15]. Several studies have also suggested the
predictors of recent transmission are different for foreign-born and
U.S.-born populations [16], highlighting the importance of investi-
gating these two groups separately.

In 2012, Michigan had an annual incidence rate of 1.28 TB cases
per 100,000 [17], notably lower than the U.S. national average
incidence of 3.2 per 100,000 [4]. Despite Michigan’s lower inci-
dence, there is evidence of persistent disparities in TB risk, partic-
ularly by race and nativity [17]. Using TB surveillance data collected
by the Michigan Department of Health and Human Services
(MDHHS), we evaluated risk factors for recent transmission at both
the individual- and neighborhood-levels among U.S.-born and
foreign-born populations separately.

Methods
Study population and data collection

Our study subsample included only those cases with complete
genotype data, both spacer oligonucleotide (spoligotype) and 12-
locus-mycobacterial interspersed repetitive unit—variable number
tandem repeat typing (MIRU-VNTR) results, and address informa-
tion. The genotyping data are part of the CDC-based National
Tuberculosis Genotyping Service [18]. Cases were excluded if they
had incomplete genotyping data and/or were missing address in-
formation. The state of Michigan employs universal genotyping
such that greater than 90% of TB cases reported to the state of
Michigan were genotyped. At the state level, genotyping was done
on the first isolate of a given episode. Isolates from subsequent
episodes that were at least 12 months apart were subjected to the
same criteria for determining genotypic clusters as described in the
following.

Demographic characteristics, risk factor information, and clin-
ical characteristics of each case, as well as residential address, were
drawn from TB surveillance data collected by MDHHS using the
“Report of a Verified Case of TB” form developed by the CDC [14].
Thus, the variables included were defined on the basis of the CDC
classifications.

Addresses were geocoded and linked with block group—level
characteristics derived from the American Community Survey, 5-
year estimates for 2012 [19]. The unit of analysis for neighbor-
hood effects was the block group, which serves as a useful proxy for
both household-level features such as degradation and vacancy, as
well as access to neighborhood resources, both of which are di-
mensions likely to affect TB transmission. In addition to neighbor-
hood population density and age composition, neighborhood
socioeconomic disadvantage was captured using a mean index of
six census indicators at the block group level: percent black, percent
with less than a high school education, percent unemployed,
percent using public assistance, percent of vacant properties, and
percent with an income-to-poverty level ratio below 2 (The U.S.
Census defines an income-to-poverty ratio below 2 as being “poor
or struggling.” Thus, we used 2.0 as our cut point to determine the
proportion of the block group with an income-to-poverty ratio
below 2.0; factor loadings ranged from 0.55 to 0.83, alpha
reliability = 0.82). We also sought to examine county-level differ-
ences in urban and rural status; however, 94% of cases were

identified in a metropolitan region, and thus, we did not include
county-level urban/rural status in our investigations.

Genotypic cluster definition

Following previously established methods, genotypically clus-
tered cases were considered a proxy for recently transmitted in-
fections, as defined by those sharing an identical spoligotype and
12-locus-MIRU-VNTR result with at least one other case in the
sample, and having a count date within 1 year of one another [5,20].
We used the count date as a proxy for date of diagnosis. Unique
(“nonclustered”) cases were those that either did not share an
identical spoligotype and 12-locus-MIRU-VNTR result or did not
have a count date within the 1-year time period and were consid-
ered a proxy for reactivation of latent TB infection (LTBI). Genotypic
clusters could span more than 1 year if the cluster involved two
cases with identical genotypes that had at least one other matching
case within a 1-year time frame. Genotypically clustered cases
defined as such do not necessarily occur in spatial clusters.

Statistical analysis

We analyzed individual- and neighborhood-level predictors of
recent transmission in relation to variables of four types: de-
mographic factors, known TB risk factors (as defined by the CDC
[14]), clinical factors, and neighborhood characteristics at the block
group level. Demographic factors included nativity, race/ethnicity,
age, and gender. Known TB risk factors included HIV status, alcohol
use, diabetes, injecting drug use, noninjecting drug use, long-term
care facility stay, and homelessness. Clinical risk factors included
immunosuppression, sputum-smear status, sputum-culture status,
site of TB disease, and initial chest radiography results. Block-group
characteristics included population density, proportion of the
population over 64 years of age, and the neighborhood disadvan-
tage index, all of which were modeled in quartiles. See Appendix A
for details on how each variable was measured.

Univariate, modified Poisson regression models were used to
examine the influence of each risk factor individually on recent
transmission. For data reduction, we then used stepwise regression
to determine which variables, when considered together, were the
most significant predictors of recent transmission. Finally, we
constructed a final set of multivariable modified Poisson models
that included the variables determined to be significant based on
the stepwise regression model as well as a priori knowledge.

Modified multivariate Poisson regression models were esti-
mated using generalized estimating equations to account for
nesting of cases within block groups [21]. Such models allow for
accurate parameter estimation and robust variance estimates by
accounting for the correlated observations existing among cases in
the same block group. The prevalence ratio of recent transmission
and corresponding 95% confidence intervals were calculated using
a Poisson regression model with a log-link function.

Because previous research has suggested that the factors influ-
encing transmission are different for U.S.-born and foreign-born
populations [9,15,22], models were stratified by nativity, and re-
sults for U.S.-born and foreign-born persons are reported sepa-
rately. For final analyses, a two-tailed alpha level of 0.05 was
considered statistically significant. For the stepwise regression, we
used alpha = 0.2 to select variables for inclusion in the model, and
alpha = 0.05 for retention in the final stepwise regression model.
Analyses were undertaken using SAS (version 9.4), Cary, NC.

This study was approved by the University of Michigan Institu-
tional Review Board for Social and Behavioral Sciences and by the
MDHHS Institutional Review Board.
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