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Abstract

Objectives: This study was conducted to generate knowledge useful for developing public health interventions for more
effective tuberculosis control in Arkansas.

Methods: The study population included 429 culture-confirmed reported cases (January 1, 2004-December 31, 2010).
Mycobacterium tuberculosis genotyping data were used to identify cases likely due to recent transmission (clustered) versus
reactivation (non-clustered). Poisson regression models estimated average decline rate in incidence over time and assessed
the significance of differences between subpopulations. A multinomial logistic model examined differences between
clustered and non-clustered incidence.

Results: A significant average annual percent decline was found for the overall incidence of culture-confirmed (9%; 95% Cl:
5.5%, 16.9%), clustered (6%; 95% Cl: 0.5%, 11.6%), and non-clustered tuberculosis cases (12%; 95% Cl: 7.6%, 15.9%).
However, declines varied among demographic groups. Significant declines in clustered incidence were only observed in
males, non-Hispanic blacks, 65 years and older, and the rural population.

Conclusions: These findings suggest that the Arkansas tuberculosis control program must target both traditional and non-
traditional risk groups for successful tuberculosis elimination. The present study also demonstrates that a thorough analysis
of TB trends in different population subgroups of a given geographic region or state can lead to the identification of non-
traditional risk factors for TB transmission. Similar studies in other low incidence populations would provide beneficial data
for how to control and eventually eliminate TB in the U.S.
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Introduction genome allows genotyping to differentiate among strains and
identify cases that are more likely to be related by transmission [6].
Churrently, the Centers for Disease Control and Prevention (CDC)
supports TB genotyping of at least one MTB isolate from each
culture-positive case in the U.S. through the National Tuberculosis

the lowest recorded rate since national TB reporting began in Genotyping Service (NTGS) [7]. MTB isolates submitted to
1953 [2]. However, this rate failed to meet the national goal of TB

elimination by 2010, defined as =1 case per million persons [2].

Following the 1992 peak in tuberculosis (I'B) incidence in the
United States, the annual TB incidence rate has decreased every
year [1]. In 2011, the incidence was 3.4 cases per 100,000 persons,

NTGS are genotyped using two methods: spacer oligonucleotide
typing (spoligotyping) and mycobacterial interspersed repetitive

TB case rates differ between sexes, among age, racial/ethnic unit-variable number tandem repeat typing (MIRU-VNTR).
groups, and geographic regions [1,3]. Both reactivation of latent

TB infection (LTBI) and recent transmission contribute to the
overall disease burden in the U.S. Understanding incidence trends
and the relative contributions of reactivation and recent transmis-
sion to the disease burden in subpopulations can maximize the use
of limited resources available for TB elimination programs.

Cases with indistinguishable isolate genotypes are generally
considered part of the same chain of transmission, when having
either close geographic proximity or epidemiologic link [6]. Cases
with a TB genotype that match that of at least one other case are
referred to as clustered. However, as suggested by an earlier
molecular epidemiological study conducted in Arkansas, while
genotyping clustering provides an estimate of recent transmission,
it is not a definitive measure [8]. Thus, a time-restricted cluster

Molecular epidemiological studies can help characterize TB
transmission [4,5]. Variation in the Mycobacterium tuberculosis (MTB)
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definition has been applied in molecular epidemiological studies of
TB to improve the accuracy of genotyping clustering in measuring
recent TB transmission [9,10]. If clustered cases are diagnosed
within a short period of time within the same geographic area,
then recent transmission is more likely. Cases having unique
isolates are more likely due to the reactivation of remotely
acquired infection [9]. In the U.S., most molecular epidemiology
TB studies have focused on large urban areas with higher TB
incidence. However, recent studies have included rural areas and
low-incidence populations, which have provided new insights into
TB epidemiology [11-13]. Different forces may drive TB
incidence between rural and urban populations and a better
characterization of these forces should lead to better TB control.

TB incidence in Arkansas is relatively low and the case rate
declined from 7.9 in 1997 to 2.7 in 2010 [1,14]. However, recently
the decline began to plateau, only decreasing by 0.2 cases per
100,000 during 2008-2010. Comparatively, during 2004-2006
incidence declined 1.2 cases per 100,000 and during 2006-2008
the decline was 0.7 cases per 100,000 [1,15,16]. Understanding
the trends in TB due to either recent transmission or reactivation
of latent infection in different subpopulations in Arkansas is
essential to successfully target control efforts. Characterizing these
trends will aid in understanding which subpopulations are
contributing to the decline.

France and coworkers analyzed TB trends in Arkansas during
1997-2003 [10]. Non-Hispanic blacks and individuals aged 65
years or greater had the greatest overall declines in incidence.
However, in both subgroups, incidence among non-clustered cases
declined the most, suggesting that the primary driver behind the
decline was a decrease in the rate of reactivation of past infections
[10]. The overall TB incidence trend has changed since 2003,
especially as the rate of the decline began to decrease in 2008.

Few studies have focused on understanding TB trends in low-
incidence, rural populations [10-13]. In 2010, 35 states (70%) had
incidence of less than 3.5 cases per 100,000 persons, the rate
established in 1989 as the year 2000 interim target for TB
elimination [1,3]. As the number of low-incidence states increases,
understanding incidence trends and factors driving the trends in
these populations is vital for achieving TB elimination in the U.S.
This study successfully analyzed TB incidence trends in Arkansas
during 2004-2010 and the incidence trends in subpopulations
based on previously identified TB risk factors, including age
[17,18], sex [19], geographic region [19,20], race/ethnicity [21],
and country of origin [22] in order to explore recent changes in
incidence in these groups and evaluate the impact of recent
transmission.

Methods

Study population and data sources

The study sample included culture-confirmed TB cases
diagnosed in Arkansas during January 1, 2004-December 31,
2010 for which genotype data (spoligotype and 12-locus MIRU-
VNTR results) were available [7]. Only the first isolate collected
for each case was included in the analysis. Demographic and
clinical information was obtained from a de-identified Arkansas
TB surveillance database that is based on information collected by
the Arkansas Department of Health using the CDC’s “Report of a
Verified Case of Tuberculosis” form. Information from the 2010
U.S. Census was used to describe the demographics of the
population of Arkansas [23]. Urban and rural areas of Arkansas
were defined using methods previously described, based on the
Census Bureau Metropolitan Statistical Areas (MSAs) defined by
the Office of Management and Budget [10,24]. The study was
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approved by the Institutional Review Board for Health Science
and Behavior Science of the University of Michigan.

Incidence rate calculations

State TB case rates for culture-confirmed, clustered, and non-
clustered TB were calculated from TB surveillance data provided
by the Arkansas Department of Health. The annual TB case rates
for the total population and each subpopulation were calculated
using the July 1*" population estimate for each year, obtained from
the Bridged-Race Population Estimates provided by the National
Center for Health Statistics [25]. The data for the foreign born
population were obtained from the American Community Survey

[26].

Cluster definition

The study patients were classified as clustered and non-clustered
cases, estimating TB due to recent transmission and reactivation of
latent TB infection respectively, using a combination of genotype
information of M. tuberculosis isolates and diagnostic dates of the
study patients. A case was defined as clustered with another case in
the state if the isolates of the two cases had an identical spoligotype
and 12-locus MIRU-VNTR genotyping pattern and both cases
were diagnosed within a one year time period [27]; a cluster may
span more than one year when it involves more than two cases
with identical spoligotype and 12-locus MIRU-VNTR genotyping
pattern that were diagnosed in different years, but were connected
to at least one other case within a one year time frame. When
diagnosis date was not available, count date (date the patient was
verified as a TB case by the health department) was used as a
proxy. This cluster definition has been used previously to estimate
recent transmission [10]. Isolates that did not meet this cluster
definition were classified as non-clustered.

Statistical Analysis

Chi-squared tests were used to compare the distribution of
demographic and clinical factors between the culture-confirmed
cases with genotype information and the culture-confirmed cases
without genotype information, in order to assess the representa-
tiveness of the overall-culture confirmed TB patient population in
the study sample. To visually examine the trend in incidence, the
culture-confirmed annual incidence rate was plotted over time for
each of the population subgroups. Confidence intervals were
calculated based on a Poisson distribution, using a method
described by Buchanan in Microsoft Excel [28].

A Poisson model was used to estimate the average percent
decline in incidence of culture-confirmed TB over time. To
examine whether clustered cases and non-clustered cases had a
similar average annual percent decline in incidence during the
study period, we used a multinomial logistic model, given that
Poisson models do not allow us to directly compare the two types
of cases. Since TB incidence is very low in Arkansas, the estimated
relative risk ratio of clustered cases compared to non-clustered
cases obtained from this model is approximately equal to the
incidence ratio. Therefore we used this model to test the difference
between the trends of clustered and non-clustered cases.

In addition, univariate Poisson regression was used to assess
whether there was any difference in the trends of percentage
decline in culture-confirmed, clustered, and non-clustered TB
incidence over the study period between age groups (20 to 64 years
vs. 65 and older), race/ethnic groups (non-Hispanic whites vs.
non-Hispanic blacks), geographic regions (urban vs. rural coun-
ties), country of origin (foreign born vs. US born), and sexes,
respectively. Analysis of these demographic factors was done one
at a time. The age groups were chosen to allow for comparison to
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the previous Arkansas study. Cases less than 20 years of age were
excluded from the analysis because the sample size is too small to
allow for meaningful statistical analysis. For each analysis, the
model included one demographic variable, the time variable, and
the interaction between time and the demographic variable. If a
regression coefficient of the interaction term is significantly
different from zero, it indicates that the particular demographic
variable is significantly associated with a percent decline in the rate
of TB. Similar analyses were also done separately on clustered TB
cases and non-clustered cases to estimate the association of the
above demographic factors on the decline rate of recent
transmission and reactivation, respectively. For each of the above
regression analyses, we compared a linear time function and a
quadratic time function of log of TB incidence rate. For all
analyses, a model with the linear time function yielded a better fit
for our data and therefore was used in all analyses. These statistical
analyses were performed in SAS version 9.2 [29]. All analyses
were completed using de-identified data. In all analyses, P-
value<<0.05 was considered to be statistically significant.

Results

Characteristics of the study population

A total of 699 cases of TB were reported in Arkansas during the
study period (January 1, 2004—December 31, 2010). Of the total
reported cases, 494 (70.7%) were confirmed by mycobacterial
culture of sputum, tissue, or body fluids. Genotyping information
was available for 429 (86.8%) of the 494 culture-confirmed TB
cases. Most of the reported cases were either non-Hispanic white
or non-Hispanic black (Table 1). A majority of the cases were male
and in the 20 to 64 year age range. Almost 70% of the cases were
born in the United States.

We included all 429 culture-confirmed cases with available
genotyping information in our study sample. To assess the sample
representativeness, we compared the distribution of patient
characteristics among genotyped cases with that among all the
non-genotyped culture-confirmed cases. The distributions of age
group and site of disease (pulmonary vs. extrapulmonary) were
significantly different (P<<0.05) between genotyped and the non-
genotyped culture-confirmed cases (Table 2). The distributions of
sex, race/ ethnicity, place of birth, and type of residential area were
not significantly different between the genotyped and non-
genotyped cases.

Clustering of cases

Of the 429 genotyped cases, 178 (41.5%) were clustered and
251 (58.5%) were non-clustered. The clustered cases consisted of a
total of 60 clusters, of which 47 (78.3%) had between two and four
related cases and 7 (11.7%) clusters had between five and nine
related cases. The remaining 6 (10%) clusters had 10 or more
cases, with the largest cluster containing 20 cases. The time spans
of clusters with 10 or more cases ranged from four years to the
entire study period of seven years.

State-wide incidence trends

During January 1, 2004-December 31, 2010, the annual
incidence of culture-confirmed cases in Arkansas declined by 1.4
cases per 100,000 persons (Figure 1). However, during January 1,
2008—December 31, 2010 the annual incidence of such cases
declined only by 0.2 per 100,000. During the study period, the
annual incidence of clustered TB and non-clustered TB declined
by 0.4 and 0.8 cases per 100,000, respectively (Figure 1). The
average annual percent decline in incidence for culture-confirmed
cases was approximately 9% (95% CI: 5.5%, 16.9%). Based on the
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Table 1. Distribution of Demographic Characteristics, Risk
Factors, and Clinical Characteristics Among All Tuberculosis
Cases Reported in Arkansas During 2004-2010.
No. of cases %

Total 699 100
Race/ethnicity

Non-Hispanic White 258 36.9

Non-Hispanic Black 207 29.6

Hispanic 122 17.5

Asian/Pacific Islander 91 13.0

American Indian/Alaskan Native 2 0.3

Unknown 19 27
Age groups (years)

<20 94 134

20-64 410 58.7

65-84 165 236

=85 30 43
Sex

Male 431 61.7

Female 261 373

Unknown 7 1.0
Place of birth

Foreign-born 211 30.2

US-born 488 69.8
Geographic area

Rural 262 375

Urban 437 62.5
Site of disease

Pulmonary 567 81.1

Extrapulmonary 92 13.2

Both 40 57
doi:10.1371/journal.pone.0090664.t001

results from the multinomial logistic model, the annual percent
decline in incidence for the clustered cases and non-clustered cases
was 6% (95% CI: 0.5%, 11.6%) and 12% (95% CI: 7.6%, 15.9%),
respectively. Although the non-clustered TB experienced a higher
average annual percent decline than clustered TB, the observed
difference was not statistically significant (P=0.11).

Incidence trend comparison between age groups

The incidence of culture-confirmed TB was consistently higher
in the older age group (=65) than in the younger age group (20—
64) during each year of the study period. However, a larger
absolute decline in the annual incidence of culture-confirmed TB
was observed in the =65 years age group (6.1 per 100,000) than in
the 20-64 year age group (0.5 per 100,000) (Figure 2). In the older
age group, clustered incidence declined by 0.8 per 100,000 and
non-clustered declined by 4.1 per 100,000. No change in clustered
TB was observed in the younger age group, while non-clustered
declined by 0.5 per 100,000. The older age group (11.9%, 95%
CI: 8.2%, 15.5%) experienced a significantly higher average
annual percent decline in incidence than the younger age group
(1.8%, 95% CL: —5.3%, 8.3%) in culture-confirmed TB
(P=0.0082). A similar trend was also observed in the clustered
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Table 2. Comparison of Distribution of Selected Demographic and Clinical Characteristics among the 429 Genotyped Tuberculosis
Cases Included in the Study Sample with that among the 65 Culture-Confirmed Tuberculosis Cases Excluded from the Study due to
Lack of Genotyping Information.

Genotyped (n=429), No. (%) Not genotyped culture-confirmed (n=65), No. (%) P-value*

Race/ethnicity®

Non-Hispanic White 174 (40.6) 28 (43.1) 0.9004
Non-Hispanic Black 140 (32.6) 22 (33.8)
Other 106 (24.7) 15 (23.1)

Age groups (years)
<20 28 (6.5) 0 (0) 0.005
20-64 266 (62.0) 33 (50.8)
65-84 115 (26.8) 23 (35.4)
=85 20 (4.7) 9 (13.8)

Sex®
Male 262 (61.1) 48 (73.8) 0.0993
Female 160 (37.3) 17 (26.2)

Place of birth
Foreign-born 110 (25.6) 12 (18.5) 0.1873
US-born 319 (74.4) 53 (81.5)

Geographic area
Rural 164 (38.2) 30 (46.2) 0.2691
Urban 265 (61.8) 35 (53.8)

Site of disease
Pulmonary 363 (84.6) 46 (70.8) 0.0237
Extrapulmonary 42 (9.8) 11 (16.9)
Both 24 (5.6) 8(12.3)

*P- value from chi-square test.

®Race-ethnicity was unknown for 9 genotyped cases.
PSex was unknown for 7 genotyped cases.
doi:10.1371/journal.pone.0090664.t002
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Figure 1. Estimated incidence of culture-confirmed, clustered, and non-clustered tuberculosis cases. Estimated incidence and 95%
confidence intervals of culture-confirmed, clustered, and non-clustered cases of tuberculosis reported in Arkansas from 2004 to 2010. A case was
included in a time-restricted cluster if it had identical spoligotype and 12 loci MIRU to another isolate diagnosed within the 1-year period prior to its
diagnosis date.

doi:10.1371/journal.pone.0090664.g001
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Figure 2. Comparison of culture-confirmed, clustered, and non-clustered tuberculosis cases by age group. Comparison of incidence
trends of culture-confirmed, clustered, and non-clustered cases of tuberculosis reported in Arkansas from 2004 to 2010 between two major age
groups. a: among individuals 20 to 64 years of age; b: among individuals 65 years or older.

doi:10.1371/journal.pone.0090664.9g002

TB cases, the older age group (12.5%, 95% CI: 5.6%, 18.9%)
experienced a significantly higher average annual percent decline
(P=0.0062) than the younger age group (—3.9%, 95% CI:
—14.5%, 5.7%). In contrast, the average annual percent decline in
incidence in the non-clustered cases was not significantly different
between the two age groups (Table 3).

Incidence trend comparison between sexes

The incidence of culture-confirmed TB was consistently higher
in males than females over the study period (Figure 3). Males
experienced a larger absolute overall decline in the culture-
confirmed TB incidence than females (3.5 vs. 0.4 per 100,000). A
larger decline was observed in non-clustered TB (1.3 per 100,000)
than in clustered TB (0.4 per 100,000) among males. However,
among females the decline was similar, with non-clustered
declining by 0.1 per 100,000 and clustered declining by 0.2 per
100.000. Despite these differences, the average annual percent
decline in incidence in culture-confirmed, clustered, or non-
clustered TB was similar between females and males (Table 3).

Incidence trend comparison between races/ethnicities

Across the entire study period, the annual incidence of culture-
confirmed TB was lower for non-Hispanic whites than for non-
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Hispanic blacks (Figure 4). The absolute decline in the incidence of
culture-confirmed TB was 0.5 and 2.6 per 100,000 for non-
Hispanic whites and non-Hispanic blacks, respectively. Among
non-Hispanic whites, non-clustered TB declined by 0.5 per
100,000 while clustered TB increased by 0.2 cases per 100,000.
Among non-Hispanic blacks, the declines in non-clustered TB (1.2
per 100,000) and clustered TB (1.0 per 100,000) were similar. The
average annual percent decline in incidence for culture-confirmed
TB was significantly higher (P=0.0067) in non-Hispanic blacks
(14.5%, 95% CI: 9.4%, 19.4%) than in non-Hispanic whites
(5.83%, 95% CI: 0.9%, 10.4%). A statistically significant (P = 0.034)
difference in the incidence trend of clustered TB was also found
between the groups (Table 3). The annual incidence of clustered
TB in non-Hispanic whites showed little change, with an average
annual percent decline in incidence of 0.8% (95% CI: —7.5%,
8.4%) while it declined significantly in non-Hispanic blacks, with
an average annual percent decline in incidence of 12.9% (95% CI:
4.7%, 20.3%). In contrast, the incidence of non-clustered TB
declined significantly in both races/ethnicities with no significant
different between them (Table 3).
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P-value
0.065

Non-clustered cases
Average percent decline of
incidence (95% CI)

17.7% (10.2, 23.4)

9.0% (3.4, 14.2)

P-value
0.034

Clustered cases

Average percent decline of
incidence (95% ClI)

12.9% (4.7, 20.3)

0.8% (—7.5, 8.4)

P-value

0.0067

14.5% (9.4, 19.4)
5.3% (0.9, 10.4)

Culture-confirmed cases
Average percent decline
of incidence (95% Cl)

Demographic
Non-Hispanic Black

Table 3. Average Annual Percent Decline of Incidence from the Univariate Poisson Regression Models of Tuberculosis Incidence in Arkansas During 2004-2010 Testing the Effects
groups

of Time, Race/ethnicity, Sex, Age Group, and Geographic Area of Residence and Interactions of Time and Race/ethnicity, Time and Sex, Time and Age Group, and Time and

Geographic Area.

Race

Non-Hispanic White

0.49

10.2% (3.7, 16.3)

0.53

3.9% (—5.7,12.7)
7.6% (0.4, 14.7)

0.58

7.8% (2.7, 12.7)
9.6% (5.2, 13.8)

Female
Male

Sex

13.2% (7.4, 18.6)

0.15

11.9% (8.2, 15.5) 0.0082 12.5% (5.6, 18.9) 0.0062 13.8% (9.2, 25.7)

1.8% (—5.3, 8.3)

=65 years

Age Group

5.6% (—5.6, 15.6)
11.4% (5.2, 21.5)

—3.9% (—14.5, 5.7)

9.8% (1.2, 17.7)

20 to 64 years

0.87

0.26

0.47

10.0% (5.2, 14.7)
7.7% (3.0, 12.1)

Rural

Geographic Area

12.1% (6.1, 17.8)

3.4% (—4.5, 11.3)

Urban

0.85

7.5% (—3.6, 17.5)
8.7% (1.6, 15.3)

0.21

12.9% (—2.7, 26.1)
2.0% (—6.3, 9.7)

15.6% (9.6, 28.8) 0.022

7.2% (3.0, 11.2)

Foreign

Country of origin

U.S. born

doi:10.1371/journal.pone.0090664.t003
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Incidence trend comparison between urban and rural
areas

The incidence rates of culture-confirmed TB in individuals from
counties classified as rural and individuals from urban counties
were similar over the study time period. The absolute decline in
overall culture-confirmed TB incidence was 2.0 and 1.0 per
100,000 persons in the rural population and the urban population,
respectively. Clustered TB declined by 0.1 per 100,000 and non-
clustered TB declined by 0.8 per 100,000 in the urban population.
Among rural residents, the declines were similar with clustered
declining by 0.9 per 100,000 and non-clustered by 0.8 per
100,000. The average annual percent decline in incidence of all
the culture-confirmed cases, whether clustered or non-clustered

TB, was not significantly different between rural and urban
residents (Table 3).

Incidence trend comparison between the U.S. born and
the foreign born

Opver the study period, the incidence of culture-confirmed TB in
the foreign born was greater than in U.S. born individuals.
However, in the foreign born population, culture-confirmed TB
declined by 30.2 per 100,000 persons while in the U.S. born
population, the decline was 1.1 per 100,000 persons. In the foreign
born population, clustered TB declined by 8.4 per 100,000
persons and non-clustered by 5.7 per 100,000. In the U.S. born
population, the decline in clustered incidence was 0.8 per 100,000
persons and 0.7 per 100,000 in non-clustered cases. The average
annual percent decline in incidence of culture-confirmed TB was
significantly higher (P=0.022) in the foreign born individuals
(15.6%, 95% CI: 9.6%, 28.8%) than in the U.S. born individuals
(7.2%, 95% CI: 3.0%, 11.2%). The average annual percent
decline in the incidence of clustered TB was higher among foreign
born individuals compared to U.S. born individuals; however, the
observed difference was not statistically significant (Table 3). The
average annual percent decline in the incidence of non-clustered
TB was also similar between the two groups.

Discussion

In order to identify the challenges and opportunities for a
continued decline in TB incidence in Arkansas, we analyzed the
incidence trends of culture-confirmed, clustered, and non-
clustered TB in different subpopulations, using a combination of
TB surveillance data and genotyping results of M'TB isolates from
culture-confirmed cases reported during January 1, 2004-Decem-
ber 31, 2010. The relative contributions of declines in ongoing TB
transmission and declines in reactivation of latent infection were
assessed.

The most important finding was that although the incidence of
culture-confirmed, clustered, and non-clustered TB declined
significantly in Arkansas during 2004-2010, the decline in recent
transmission was uneven across different subpopulations. The lack
of significant decline in estimated recent transmission among
females, non-Hispanic whites, the younger age group (20-64
years), the urban population, and the U.S. born population has an
important implication for TB control. Both non-Hispanic whites
and females have not been a previously identified risk group for
clustering [18], but our data show that TB transmission in these
two groups has remained stable. Young age (less than 65 years of
age) has previously been identified as a risk factor for being part of
large clusters [18]. These data indicate the need for strengthening
targeted TB control in subpopulations previously identified as risk
groups, but also in subpopulations not previously identified as risk
groups.
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A second important finding was that the incidence of TB due to
reactivation declined similarly among different age, gender, race/
ethnicity groups and residence types, as measured by average
annual percent decline of incidence. The lower incidence in the
younger age group is likely due to the previously described cohort
effect where each successive birth cohort has a lower risk of
exposure to TB due to the decreasing incidence. As the older
members, who have the highest prevalence of latent infection, are
removed from the population, the incidence of reactivation of
latent infection continues to decrease [5,10]. The foreign born
population had the highest incidence of non-clustered TB
throughout the time period and the lack of significant decline
represents another target for better control. However, it is
important to note that the confidence intervals for the estimated
rate of decline among foreign born individualsare wide as the
number of foreign born individuals in Arkansas is relatively small
(range of foreign born population: 101,169 to 131,667; range of
US born population: 2,701,431 to 2,771,280). This relatively small
sample size somewhat limits the power to examine the effect of
country of origin.

One possible limitation of this study is the use of 12-locus
MIRU instead of 24-locus MIRU-VNTR in the cluster definition.

PLOS ONE | www.plosone.org

This approach might have overestimated the amount of clustering
as the 24-locus typing method shows greater discriminatory power
than 12-locus method [30-32]. The concern about overestimation
of clustering may have been offset by the time restriction used in
identifying clustered cases in this study. Time-restricted clusters
are considered more specific for indicating recent transmission
compared to just clustering alone [10]. Furthermore, this study
looked at trends over time and any overestimate is expected to be
consistent over time. Another potential limitation of this study is
the significantly different distributions of age and disease sites
between genotyped cases (the study sample) and culture-confirmed
cases that were not genotyped. However, given that the study
sample included as high as 87% of all culture-confirmed cases, the
findings are informative for the development of an improved
strategy for TB transmission control in Arkansas. Another possible
limitation of the study is some cases classified as non-clustered may
theoretically be index cases from other states, which may have
overestimated the number of non-clustered cases.

Despite these possible limitations, the lessons learned from this
study have important implications for the future of TB control in
Arkansas. The significant declines are encouraging signs for
control of this disease in Arkansas. However, for greater success in
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Figure 4. Comparison of culture-confirmed, clustered, and non-clustered tuberculosis cases by race/ethnicity. Comparison of
incidence trends of culture-confirmed, clustered, and non-clustered cases of tuberculosis reported in Arkansas from 2004 to 2010 between two major
race/ethnic groups. a: among non-Hispanic whites; b: among non-Hispanic blacks.
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the future, more resources should be direct towards controlling
recent transmission. The findings of the study suggest that the
Arkansas tuberculosis control program must target both traditional
and non-traditional risk groups for successful tuberculosis elimi-
nation. Although the implication of the current study findings for
TB control seems to be limited to Arkansas, the present study
demonstrates that a thorough analysis of TB trends in different
population subgroups of a given geographic region or state can
lead to a better understanding of the dynamics of TB in this
geographic region or state and the identification of non-traditional
risk factors for TB transmission. Similar studies in other low
incidence populations would provide beneficial data for how to
control and eventually eliminate TB in the U.S.
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