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With a tuberculosis case detection rate of 5.9 per 100,000 population in 2001, Alabama ranked twelfth
highest in the United States. However, cases among foreign-born and human immunodeficiency virus-infected
individuals remain low in Alabama. To understand the endemic statewide disease pattern, tuberculosis strains
were studied for clustering in a long-term population-based study from January 1994 to May 2000. IS6110
restriction fragment length polymorphism analysis was performed for 1,834 strains. Spoligotyping was used as
a secondary typing method for the 37% of isolates displaying a restriction fragment length polymorphism
pattern with <6 IS6110 copies. A total of 721 (41%) patients provided isolates that composed 114 clusters, each
containing isolates from 2 to 136 patients, suggesting that recent transmission accounted for 35% of tuber-
culosis cases. Demographic, behavioral, and clinical characteristics of patients with clustered versus nonclus-
tered isolates stratified by low-copy-number strains (<6 IS6110 copies) versus high-copy-number strains (>6
IS6110 copies) were evaluated. Younger age, black race, a history of alcohol abuse, and homelessness were
predictors of clustering of low-copy-number, strains and younger age, urban residency, alcohol abuse, home-
lessness, noninjection drug use, and a history of incarceration and/or cavitary disease were predictors of
clustering of high-copy-number strains. By identifying local characteristics of tuberculosis clustering through
molecular fingerprinting, control programs can distribute their limited resources to impact the transmission
of tuberculosis in high-risk populations and evaluate strain distribution across geographical areas.

During the last decade, tuberculosis case rates in Alabama
have decreased significantly from 12.8 per 100,000 population
in 1988 to 5.9 per 100,000 population in 2001 (Program Data,
Division of Tuberculosis Control, Alabama Department of
Public Health). This success has been achieved through the
application of traditional control strategies, i.e., the identifica-
tion and treatment of active cases, coupled with an aggressive
contact investigation program. Due to limitations of traditional
investigation tools, genotyping techniques have been used to
identify unsuspected links between tuberculosis cases. As such,
molecular strain typing of Mycobacterium tuberculosis by re-
striction fragment length polymorphism (RFLP), using the
IS6110 insertion sequence, has become the primary standard-
ized method (33) for investigating tuberculosis outbreaks, as
well as for assessing ongoing transmission among various pop-
ulations and within various communities. Because the differ-
entiation of M. tuberculosis strains carrying fewer than six
IS6110 copies is poor, secondary molecular typing techniques
are now used.

In population-based studies, cluster analysis, as defined by

RFLP analysis in combination with other genotyping tech-
niques, has been used successfully as a tool to determine the
extent of, and risk factors for, recent transmission of tubercu-
losis in predominantly urban areas (1, 3, 5, 30, 37). Few studies
have systematically evaluated tuberculosis transmission across
wide areas where tuberculosis is endemic (7, 9, 22). However,
most studies have not taken into account the fact that short
study intervals lead to an underestimation of clustering among
certain age groups (36). Consequently, ongoing transmission
may have been misclassified as reactivated tuberculosis due to
short study intervals. The long-term monitoring of tuberculosis
clustering through molecular typing techniques has been ac-
complished in Alabama, where widespread endemic tubercu-
losis patterns can overlap with distinct outbreaks and endemic
disease transmission patterns are inadequately understood (17,
27).

This long-term population-based study describes the socio-
demographic and clinical risk factors for clustered versus non-
clustered cases of tuberculosis over more than 6 years (1994 to
2000) in a predominantly rural state and without significant
contributions to disease epidemiology from commonly identi-
fied high-risk groups, such as foreign-born or human immuno-
deficiency virus (HIV)-infected persons. A statewide molecu-
lar fingerprinting database was used for this analysis. Since it
has been concluded previously that low-copy-number strains
(LCS) and high-copy-number strains (HCS) represent differ-
ent lineages of strains (13, 20) and the usefulness of molecular
typing of low-copy-number strains has been controversial in
predicting recent transmission (4, 12, 23, 26, 31), we stratified
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our analysis by clustering low- versus high-copy-number
strains. Risk factors and risk estimates for clustering of M.
tuberculosis strains were identified in order to obtain a better
understanding of endemic tuberculosis patterns and transmis-
sion factors due to different M. tuberculosis strains (low-copy-
number strains versus high-copy-number strains). Analysis of
possible risk factors attributable to recent transmission should
enable tuberculosis control personnel to target intervention
strategies to populations at high risk for transmission of tuber-
culosis and better rationalize the use of limited public health
resources in the national effort to eliminate transmission of
tuberculosis. The findings and conclusion drawn may be of
significance to other rural geographic areas where endemic
distribution of tuberculosis has been observed.

MATERIALS AND METHODS

Study population. From 1 January 1994 to 1 May 2000, 2,528 tuberculosis
cases were diagnosed in the state of Alabama and reported to the Centers for
Disease Control and Prevention (CDC) in Atlanta, Ga. Detection, treatment,
and prevention of tuberculosis were directed by the Tuberculosis Control Divi-
sion of the Alabama Department of Public Health in Montgomery. Tuberculosis
patients were diagnosed and classified according to the CDC’s clinical case and
laboratory criteria (8). Demographic and clinical data were obtained from re-
ports of the state Tuberculosis Control Division to the CDC, which included
information on treatment of prior episodes of tuberculosis, bacteriology, and
specific behavioral characteristics. All variables were measured in categories
except for age, which was measured as a continuous variable.

Of the 2,528 tuberculosis cases, 2,204 (87%) were bacteriologically confirmed
as culture positive by the central state mycobacteriology laboratory of Alabama.
A culture was classified as laboratory cross-contaminated and excluded from
further analysis when all of the following criteria were met: (i) the patient had
only one positive culture and that specimen was negative for acid-fast bacilli on
microscopy, (ii) the specimen had been processed in the same laboratory within
28 days of another specimen from another patient with positive acid-fast bacilli
on microscopy, and (iii) the isolates had the same DNA fingerprint.

Molecular analysis and cluster definition. Using standard IS6110 RFLP typ-
ing, 1,834 (83%) of the 2,204 M. tuberculosis isolates were successfully typed (1).
Due to cross-contamination or inadequate imaging, 28 samples were excluded,
leaving 1,806 RFLP-typed strains for consideration. Computer-assisted analysis
of RFLP patterns was done by use of a Whole-Band Analyzer, version 3.3 (Bio
Image, Inc., Ann Arbor, Mich.). Because the differentiation of M. tuberculosis
strains carrying few IS6110 copies is poor (35), 623 (93%) of 670 patient isolates
harboring fewer than six IS6110 copies were subjected to further analysis by
spoligotyping (n � 1,759 strains available for complete cluster analysis). Since
secondary typing was done retrospectively, DNA was not available for all 670
isolates harboring fewer than six IS6110 copies.

Clusters were defined as groups of patients (at least two cases in the 6-year
period) having isolates with identical RFLP patterns, that is, the same number of
IS6110 copies at identical band positions. Isolates with fewer than six IS6110
copies had to have matching IS6110 images, as well as identical spoligotyping
patterns, in order to be considered a cluster. Nonclustered cases were defined as
patients with isolates having no matching RFLP/spoligotyping pattern identified
during the 6-year study period. For the present study, two persons who were
blind to the patient demographic data individually confirmed IS6110 patterns.

Recent transmission was determined by using the correction factor method
(the “n � 1” method). It is assumed that a cluster size of n contains “n � 1”
individuals with recent infections and one individual with an old infection (30).

Statistical analysis. Data for 1,759 samples were analyzed by using the SAS
software package (version 8.1; SAS Institute, Cary, N.C.). Chi-square tests were
performed to test for an association between clustering and various predictor
variables. Since clustering has been shown to be associated with age (14), age-
associated odds ratios (ORs) were calculated to adjust for possible confounding.
The Student t test was used to compare the mean ages of clustered and non-
clustered patients. Variables showing univariate significance levels of �0.2 were
considered for entry in a logistic regression model. Models were adjusted for
missing data by using indicator terms for the presence or absence of missing data
(29). Variables that were significantly associated with clustering (P � 0.05) after
multivariate analysis were included in a final logistic regression model. Compar-
isons between clustered and nonclustered cases were expressed as ORs with 95%

confidence intervals (CIs), whereas adjusted ORs were calculated from regres-
sion coefficients and 95% CIs from standard errors of the respective regression
coefficients. M. tuberculosis strains harboring fewer than six IS6110 copies were
analyzed separately from M. tuberculosis strains harboring six or more IS6110
copies. Mapping of tuberculosis cases was done by using the Microsoft MapPoint
software package.

Consent. Verbal informed consent was obtained from patients by the Tuber-
culosis Control personnel according to the experimentation guidelines of the
U.S. Department of Health and Human Services. Information was used to care
for the patients’ medical needs during the treatment phase of their illness. Prior
to the investigators obtaining information for aggregate data analysis, personal
identifiers were stripped from the database.

RESULTS

Endemic and epidemic tuberculosis cases in Alabama (1994
to 2000). Distribution of all 2,528 reported tuberculosis cases is
shown in Fig. 1, including four of the previously identified
outbreaks (16, 27) (E. Khan, M. E. Kimerling, K. H. Lok,
W. H. Benjamin, J. J. Lynch, P. Phillips, and N. E. Dunlap,
Am. Thorac. Soc. Meet., San Diego, Calif., abstr. A305, 1999).
Although microepidemics are concentrated in urban areas of
the state, cases are evenly distributed across the entire state.
The geographic overlap of endemic and epidemic cases makes
it difficult to distinguish the two modes of transmission from
each other without molecular characterization of the strains.

Demographic characterization of the study population. In
total, 1,759 molecularly characterized patient isolates were in-
cluded in the final univariate and multivariate analyses. The

FIG. 1. Map of the state of Alabama showing residence locations of
individuals who were diagnosed with tuberculosis from 1 January 1994
to 1 May 2000. Cases previously described in outbreaks of tuberculosis
are shown as dots; the remaining cases are shown as triangles.
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study population with molecular data available did not signif-
icantly differ with regard to demographics from the total pop-
ulation of 2,528 tuberculosis patients diagnosed in Alabama
during the 6-year study period. The majority of the sample
population (1,427 [81%] subjects) lived within their respective
city limits at the time of their diagnosis. The predominant
gender was male (1,225 [69%] subjects). Furthermore, 767
(44%) of the patients diagnosed with tuberculosis were white,
934 (53%) were black, and the remaining 62 (3%) were either
American Indian/Alaskan Native or Asian/Pacific Islander. At
the time of treatment, the mean age of the patients was 55 �
20 years.

Characteristics of clusters based on IS6110 profiles. Of the
2,528 patients who were identified with tuberculosis in Ala-
bama, 1,759 corresponding clinical samples were typed by ei-
ther RFLP typing alone (M. tuberculosis strains harboring six
or more IS6110 insertion sequences, i.e., HCS) or RFLP typing
with subsequent spoligotyping (M. tuberculosis strains harbor-
ing fewer than six IS6110 insertion sequences, i.e., LCS) (Fig.
2). RFLP typing revealed various numbers of hybridizing
bands (0 to 23 bands), corresponding to 1,136 cases of HCS
and 623 cases of LCS. All together, 318 of 1,136 (28%) HCS
and 403 of 623 (65%) LCS clinical specimens were classified as
clustered, representing 33 clusters and 81 clusters, respectively.
If we assume that each cluster originated in one index case,
recent transmission accounted for 35% of tuberculosis cases
(607 patients).

Within a cluster the number of patients varied from 2 to 136,
whereas 48 (42%) of the clusters consisted of only two patients.
However, almost half (49%) of the clustered cases were
grouped into large clusters (�10 cases); four of the biggest

clusters have been described previously as distinct outbreaks
(16, 27) (Khan et al., Am. Thorac. Soc. Meet.) (Fig. 3).

Risk factors for clustering among high-copy-number and
low-copy-number tuberculosis strains. To distinguish between
HCS and LCS and risk factors for transmission within the
patient cohorts, separate analyses were performed for each
cohort (see Tables 1 to 4). Demographic characterization of
the HCS cohort showed that 69% of the population were male,
49% were black, and 48% were white and that the majority
(79%) of the subjects lived within city limits at the time of
diagnosis. By comparison, 71% of the LCS cohort were male,
60% were black, 36% were white, and 85% lived within city
limits. In both groups, younger age was significantly associated
with clustering; however, patients with HCS were older (mean
age, 54 � 19 years) than patients with LCS (mean age, 48 � 19
years). Gender was not associated with clustering in either of
the cohorts, although black race was associated with clustering
within the LCS cohort (OR, 2.3; 95% CI, 1.6 to 3.2) but not
within the HCS cohort. Conversely, clustering was associated
with residency within city limits among the HCS cohort (OR,
2.0; 95% CI, 1.4 to 2.8) but not among the LCS cohort.

Investigation of specific behaviors among tuberculosis pa-
tients revealed several risk factors that were associated with
clustering. Among the HCS cohort, the risk factors for clus-
tering were noninjection drug use within the past year prior to
diagnosis (OR, 1.9; 95% CI, 1.1 to 3.3), residence in a correc-
tional facility within the past year prior to diagnosis (OR, 2.9;
95% CI, 1.3 to 6.6), excessive alcohol use within the past year
(OR, 2.4; 95% CI, 1.8 to 3.3), and homelessness within the past
year (OR, 4.4; 95% CI, 2.6 to 7.7). Analysis of risk factors for
clustering among the LCS cohort identified only excessive al-

FIG. 2. Patient distribution according to number of bands based on RFLP IS6110 patterns of tuberculosis patients in Alabama. A total of 1,806
tuberculosis patients were analyzed by using IS6110 RFLPs to differentiate between clustered (■ ) and nonclustered (u) cases. Strains harboring
fewer than six IS6110 copies were subjected to secondary fingerprinting by spoligotyping. �, patient samples that were not subjected to
spoligotyping.
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cohol use (OR, 2.0; 95% CI, 1.4 to 2.9) and homelessness (OR,
2.3; 95% CI, 1.2 to 4.3) within the year prior to diagnosis as risk
factors. HIV seropositivity, injection drug use, and residence in
a long-term care facility were not risk factors for clustering in
either group. Nevertheless, the overall proportions of risky
behaviors were low and did not account for more than 10% of
the study population, except for alcohol abuse (HCS [27%]
versus LCS [35%]) and noninjection drug use among the LCS
cohort (12%) (Tables 3 and 4).

Analysis of both HCS and LCS clustering revealed that
clinical parameters such as a positive sputum smear and a
history of previous tuberculosis were not associated with clus-
tering (Tables 3 and 4). However, 1,042 (91%) patients with
HCS isolates were identified with abnormal X rays, and within

this subgroup of patients, cavitary disease was associated with
clustering (OR, 1.5; 95% CI, 1.1 to 2.0). Overall, the clinical
presentations and histories of HCS and LCS groups were sim-
ilar except for a slightly higher proportion of sputum smear-
positive cases (48% versus 44%) and presentation of cavitary
disease (25% versus 21%) among the LCS cohort.

Age-adjusted analysis of the study variables among patients
with HCS eliminated some of the associations between risk
factors and clustering; nonetheless, urban residence (age-ad-
justed OR, 1.9; 95% CI, 1.3 to 2.7), alcohol abuse (age-ad-
justed OR, 2.2; 95% CI, 1.6 to 3.0), and homelessness (age-
adjusted OR, 4.1; 95% CI, 2.3 to 7.1) remained strong risk
factors for clustering. Among the LCS cohort the only variable
that was not confounded by age appeared to be race. Being

FIG. 3. Number of clusters according to cluster size. Clusters were defined by IS6110 RFLP typing. For M. tuberculosis strains with fewer than
six bands, additional secondary typing (spoligotyping) was used to define clusters.

TABLE 1. Characteristics of clustered and nonclustered tuberculosis patients in Alabama (1994 to 2000) who were infected with
M. tuberculosis strains harboring �6 IS6110 insertion sequences (HCS cohort)

Characteristic
No. of patients with

characteristic or
mean age (yr) � SD

% of patients
in cluster Pa

OR (95% CI)b

Crude Age adjusted

Type 0.0007
Clustered 54 � 19
Nonclustered 59 � 21

Gender
Male 779 29 1.2 (0.9–1.6) 1.2 (0.9–1.6)
Female 357 25 1 1

Race
Black 556 31 1.3 (1.0–1.6) 1.2 (0.9–1.5)
White 540 26 1 1
Other 40 5 0.1 (0.0–0.6) 0.1 (0.0–0.5)

Residence within city limits
Yes 895 31 2.0 (1.4–2.8) 1.9 (1.3–2.7)
No 241 18 1 1

a As determined by the Student t test.
b As determined by the chi-square test.
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black was still a strong risk factor for clustering within this
group (age-adjusted OR, 1.8; 95% CI, 1.3 to 2.6).

Multivariate analysis revealed the same independent associ-
ations between variables and clustering as seen in the age-
adjusted analysis. In addition to these variables, age was in-
versely related with clustering among isolates with fewer than
six IS6110 copies after adjustment for confounding in a logistic
regression model (adjusted OR, 0.97; 95% CI, 0.96 to 0.98).

DISCUSSION

In this population-based study, 1,759 patient isolates of M.
tuberculosis were analyzed during a 6-year period, representing
70% of all culture-confirmed tuberculosis cases in Alabama. A
total of 35% of the detected tuberculosis cases in our study
could be attributed to recent transmission, a statistic similar to
that noted in studies in Arkansas, The Netherlands, and Swit-
zerland (7, 22, 24). However, it has been argued that molecular
finger-typing cannot be used in rural areas to differentiate
recent transmission from remote transmission, since epidemi-
ological linkages were not evident between clustered cases (7).
Although the present study did not link traditional contact
investigation with molecular fingerprinting techniques, molec-
ular typing can be useful in investigating transmission patterns
in rural settings, particularly when extended time periods are
utilized. Not only were half of our clustered cases grouped into
large clusters (�10 patients), but even under optimal condi-
tions traditional contact tracing may not reveal all contacts
(37). It is plausible, therefore, that the time/duration of the
analysis period provides more insight into transmission pat-
terns than a rural setting versus a nonrural setting. Our study
shows that if tuberculosis epidemiology is followed for a suf-
ficiently long time in a rural population, then recent transmis-
sion can be observed and linked to the clinical epidemiology of
infection.

Nevertheless, caution when evaluating isolates with fewer
than six IS6110 patterns is advised. It has been shown that

matching IS6110 RFLP patterns with �6 bands is more pre-
dictive for clonality than patterns with fewer bands, which
require additional DNA probes to differentiate strains (11, 23,
31). Previous studies concluded that low- and high-copy-num-
ber strains represent different lineages of strains (13, 20).
Therefore, we stratified our analysis into HCS and LCS groups
to account for the prevalence of different strains in different
risk groups and for accuracy of cluster determination.

A higher percentage of LCS specimens were clustered than
those with at least six bands (HCS), 65% versus 28%, which
corroborates recent findings by Ellis et al. (19). These findings
can be partially explained by large clusters with more cases in
the LCS group (one cluster with 136 patients) but also could be
due to an overestimation of clustering and therefore overesti-
mation of active transmission in this group. Although second-
ary typing has led to better characterization of IS6110 low-
copy-number isolates, further discrimination of clusters with so
few bands could be required.

Nonetheless, the prominence of a two-band RFLP pattern in
the state is striking. This group of M. tuberculosis isolates,
called JH2 or 00016 (National Tuberculosis Genotyping Fin-
gerprint Pattern), was reported with a final frequency of 5%
among seven sentinel surveillance sites in the United States
(27). It is suggested to be an older, more stable IS6110 pattern
within the United States with links to the African continent
(24, 27). The strong association found in the present study with
regard to black race and clustering among the LCS cohort
supports these findings.

Seven statistically significant predictors for clustering were
identified among the HCS cohort: younger age, residence
within city limits, noninjection drug use, incarceration during
the past year, excessive alcohol abuse, homelessness, and cav-
itary disease. Among the LCS group, younger age, black race,
excessive alcohol abuse, and homelessness were predictive of
clustering. Recent transmission appears to be predominant
among middle-aged African-Americans engaging in a risk be-

TABLE 2. Characteristics of clustered and nonclustered tuberculosis patients in Alabama (1994 to 2000) who were infected with
M. tuberculosis strains harboring �6 IS6110 insertion sequences (LCS cohort)

Characteristic
No. of patients with

characteristic or
mean age (yr) � SD

% of patients
in cluster Pa

OR (95% CI)b

Crude Age adjusted

Type �0.0001
Clustered 48 � 19
Nonclustered 59 � 20

Gender
Male 442 67 1.5 (1.0–2.1) 1.5 (1.0–2.2)
Female 181 58 1 1

Race
Black 375 73 2.3 (1.6–3.2) 1.7 (1.2–2.5)
White 226 54 1 1
Other 22 32 0.4 (0.2–1.0) 0.3 (0.1–0.7)

Residence within city limits
Yes 531 65 1.2 (0.8–1.9) 0.8 (0.5–1.3)
No 92 61 1 1

a As determined by the Student t test.
b As determined by the chi-square test.
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havior, such as excessive alcohol consumption, or who are
associated with risk groups, such as the homeless.

In general, the negative correlation between age and clus-
tering in this population-based study, as well as in similar
studies from the United States (8, 28, 30), Cuba (14), and
Denmark (38), support the widely held view that the clustering
of DNA fingerprints does reflect recent transmission. These
studies show that the percentage of cases clustered decreased
with age, indicating that the proportion of disease attributable
to endogenous reactivation increases with age. We also found
that certain demographic variables influenced the clustering of
tuberculosis cases. The association of black race and recent
transmission of tuberculosis among the LCS group again un-

derscores the race disparity of infectious disease and tubercu-
losis transmission, as has been shown by Borgdorff et al. (6).
This is of particular concern, since only 25% of Alabamians
reported in the 1990 population census were of black race.
Furthermore, a higher rate of tuberculosis transmission was
observed in urban environments, probably due to higher trans-
mission rates among alcohol and/or drug abusers and homeless
populations. These observations are similar to findings re-
ported in The Netherlands, New York, and California (3, 25,
32, 34). However, since Alabama is a mixed rural-urban set-
ting, with tuberculosis distributed throughout the state (17),
linkage between urban residence and clustering helps to more
clearly identify ongoing transmission geographically.

TABLE 3. Risk factors for clustering of tuberculosis isolates in Alabama (1994 to 2000) from patients that were infected with M. tuberculosis
strains harboring six or more IS6110 insertion sequences (HCS cohort)

Demographic or clinical parameter No. of patients with
characteristica

% of patients
in cluster

OR (95% CI)b

Crude Age adjusted

Demographic parameters
Injection drug use

Yes 11 45 2.2 (0.7–7.3) 1.9 (0.6–6.3)
No 1,003 28 1 1

Noninjection drug use
Yes 54 41 1.9 (1.1–3.3) 1.6 (0.9–2.8)
No 952 27 1 1

Alcohol abuse
Yes 270 41 2.4 (1.8–3.3) 2.2 (1.6–3.0)
No 733 23 1 1

HIV positive
Yes 51 31 1.0 (0.6–1.9) 0.9 (0.5–1.7)
No 743 31 1 1

Homeless
Yes 57 61 4.4 (2.6–7.7) 4.0 (2.3–7.0)
No 1,070 26 1 1

Long-term care facility resident
Yes 27 22 0.7 (0.3–1.8) 0.9 (0.4–2.4)
No 1,108 28 1 1

Correction facility resident
Yes 23 52 2.9 (1.3–6.6) 2.3 (1.0–5.4)
No 1,113 27 1 1

Clinical parameters
Abnormal X ray

Yes 1,038 28 1.0 (0.6–1.7) 1.1 (0.7–1.9)
No 75 28 1 1

Abnormal X ray/cavitary disease
Yes 244 34 1.5 (1.1–2.0) 1.4 (1.0–1.9)
No 798 26 1 1

Sputum smear positive
Yes 501 31 1.2 (0.9–1.6) 1.2 (0.9–1.5)
No 491 27 1 1

Previously tuberculosis positive
Yes 55 31 1.2 (0.6–2.1) 1.2 (0.6–2.0)
No 1,081 28 1 1

a The totals are less than 1,136 due to missing data.
b As determined by the chi-square test.
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In this analysis, homelessness and alcohol abuse were found
to be the major risk factors for clustering. Similar findings have
been described in San Francisco, Calif.; Los Angeles, Calif.; St.
Louis, Mo.; and Hamburg, Germany (3, 10, 15, 28), where
substance abuse and homelessness were among the most sig-
nificant risk factors contributing to the transmission of tuber-
culosis. In contrast to studies in San Francisco and New York
City (1, 30), HIV was not found to be associated with cluster-
ing. The most likely explanation is the higher prevalence of
HIV in the population monitored in New York and San Fran-
cisco and prior transmission in institutional settings such as
hospitals and jails (18, 21). However, negative associations

between clustering and HIV were also found in St. Louis and
Los Angeles (3, 28).

Clinical parameters that were analyzed, such as abnormal
chest radiographs, positive sputum smear status, and a history
of previous tuberculosis, were not associated with clustering.
Only cases with cavitary disease were more likely to be clus-
tered than noncavitary ones, which can be explained by the fact
that cavitary disease represents the main source of transmis-
sion and/or infection and thus can generate clusters, which has
been clearly shown in our setting (2).

Tuberculosis remains endemic in Alabama, with relatively
few cases occurring among foreign-born individuals (3% in

TABLE 4. Risk factors for clustering of tuberculosis cases in Alabama (1994 to 2000) from patients that were infected with M. tuberculosis
strains harboring fewer than six IS6110 insertion sequences (LCS cohort)

Demographic or clinical parameter No. of patients with
characteristica

% of patients
in cluster

OR (95% CI)b

Crude Age adjusted

Demographic parameters
Injection drug use

Yes 18 78 2.0 (0.7–6.3) 1.4 (0.4–4.4)
No 531 63 1 1

Noninjection drug use
Yes 66 73 1.6 (0.9–2.8) 1.0 (0.5–1.8)
No 483 63 1 1

Alcohol abuse
Yes 196 74 2.0 (1.4–2.9) 1.4 (1.0–2.2)
No 362 59 1 1

HIV positive
Yes 36 72 1.2 (0.6–2.6) 0.9 (0.4–1.9)
No 427 68 1 1

Homeless
Yes 63 79 2.3 (1.2–4.3) 1.6 (0.9–3.2)
No 555 63 1 1

Long-term care facility resident
Yes 17 65 1.0 (0.4–2.7) 1.7 (0.6–4.9)
No 606 65 1 1

Correction facility resident
Yes 18 83 2.8 (0.8–9.8) 2.1 (0.6–7.4)
No 605 64 1 1

Clinical parameters
Abnormal X ray

Yes 573 65 1.7 (0.9–3.3) 1.9 (0.9–3.8)
No 36 53 1 1

Abnormal X ray/cavitary disease
Yes 153 71 1.4 (1.0–2.1) 1.1 (0.7–1.7)
No 420 63 1 1

Sputum smear positive
Yes 298 69 1.3 (0.9–1.9) 1.1 (0.8–1.6)
No 247 63 1 1

Previously tuberculosis positive
Yes 38 71 1.4 (0.7–2.8) 1.3 (0.6–2.7)
No 585 64 1 1

a Some totals are less than 623 due to missing data.
b As determined by the chi-square test.
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1994 and 7% in 2000) (Program Data, Division of Tuberculosis
Control, Alabama Department of Public Health). Intensive
control efforts have resulted in significant declines in rates of
disease. The annual case rate dropped by more than half from
12.8 to 5.9 between 1988 and 2001. However, in order to
eradicate tuberculosis in Alabama, a better understanding of
the dynamics of transmission and dissemination of M. tubercu-
losis is required, especially if ongoing transmission linked to
local conditions and behaviors are overlooked or underesti-
mated. Findings from long-term, population-based molecular
epidemiologic studies, such as the one presented here, can be
a powerful tool to improve tuberculosis control programs lo-
cally by focusing control measures on persons at risk for re-
cently acquired infection, as identified by ongoing molecular
epidemiologic surveillance. The results of the present study
demonstrate that clustering of tuberculosis cases, as a mea-
surement of the likelihood of recent disease transmission in
Alabama, is clearly associated with different social factors and
risk behaviors. Homelessness, alcohol abuse, younger age,
black race, and residence in an urban setting are risk factors for
clustering and indicate that the emphasis of tuberculosis inter-
vention programs must be directed toward these population
groups. The development of simple algorithms including the
described risk factors could help to prospectively predict re-
cent transmission in different subpopulations, particularly
when combined with traditional contact investigation methods.
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