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Abstract

Introduction: In the U.S., universal genotyping of culture-confirmed tuberculosis cases 

facilitates cluster detection. Early recognition of the small clusters more likely to become 

outbreaks can help prioritize public health resources for immediate interventions.

Methods: This study used national surveillance data reported during 2009–2018 to describe 

incident clusters (≥3 tuberculosis cases with matching genotypes not previously reported in the 

same county); data were analyzed during 2020. Cox proportional hazards regression models were 

used to examine patient characteristics associated with clusters doubling in size to ≥6 cases.

Results: During 2009–2018, a total of 1,516 incident clusters (comprising 6,577 cases) occurred 

in 47 U.S. states; 231 clusters had ≥6 cases. Clusters of ≥6 cases disproportionately included 

patients who used substances, had recently experienced homelessness, were incarcerated, were 

U.S.-born, or self-identified as of American Indian or Alaska Native race or of Black race. A 

median of 54 months elapsed between the first and third cases in clusters that remained at 3–5 

cases, compared with 9.5 months in clusters that grew to ≥6 cases. Longer time between first and 

third cases and presence of ≥1 patient aged ≥65 years among the first 3 cases predicted lower 

hazard for accumulating ≥6 cases.

Conclusions: Clusters accumulating ≥3 cases within a year should be prioritized for 

intervention. Effective responses strategies should include plans for targeted outreach to U.S.-born 

individuals, incarcerated people, those experiencing homelessness, people using substances, and 

individuals self-identifying as of American Indian or Alaska Native race or of Black race.

INTRODUCTION

Despite low tuberculosis (TB) incidence in the U.S., outbreaks continue to cause 

preventable illnesses and deaths.1 Traditionally, outbreak detection has depended on contact 
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investigations that are triggered by identification of infectious TB cases, consisting of 

focused efforts to identify people exposed and evaluate them for TB disease and infection.2 

Unfortunately, contact investigations are imperfect despite the best efforts of public health 

investigators because, willfully or not, patients sometimes do not name all of their 

contacts.1 Nonetheless, routine analyses of universal genotyping data can supplement 

contact investigations and other outbreak detection and response efforts, based on the 

principle that Mycobacterium tuberculosis isolates from cases related by recent transmission 

will share a genotype.3 To that end, since 2004, the Centers for Disease Control and 

Prevention (CDC) has provided universal genotyping of at ≥1 M. tuberculosis isolate for 

each culture-confirmed TB case in the U.S., allowing for detection of genotype-matched 

cases clustered in space and time that might represent TB outbreaks.1,3

Prompt cluster detection facilitates timely response to prevent and control outbreaks and 

reduce TB-associated morbidity. Early recognition of the small clusters that are more 

likely to turn into large outbreaks can help prioritize public health resources for immediate 

interventions.4 CDC’s predictive analysis of genotype-clustered cases during 2004–2010 

identified homelessness, excess alcohol or illicit drug use, or incarceration among any 

case in a cluster of 3 cases within 5.3 months as associated with the cluster becoming an 

outbreak; outbreaks were defined as ≥6 cases with matching spacer oligonucleotide typing 

(spoligotype) and 12-locus mycobacterial interspersed repetitive units variable number of 

tandem repeats analysis (MIRU-VNTR) patterns that were confirmed by local epidemiologic 

investigation to represent outbreaks.5 Additionally, knowledge of case characteristics 

associated with outbreaks could prompt critical review and optimization of TB control and 

prevention strategies focused toward certain demographic and social groups. After that last 

analysis, TB incidence in the United States continued to decline, and routine genotyping 

methods expanded from 12- to 24-locus MIRU-VNTR to improve discriminatory power.2,6,7 

Using these more recent, higher resolution data, this study aims to identify factors associated 

with growth of genotype clusters from 3 to 6 cases, which might be early signs of outbreaks.

METHODS

Study Sample

Since 1993, the National Tuberculosis Surveillance System (NTSS) has collected 

demographic, clinical, and laboratory characteristics of all TB cases reported in the U.S.8 

NTSS captures also captures whether patients experienced homelessness or used substances 

(excess alcohol or any illicit drugs) in the year before TB diagnosis, whether patients were 

incarcerated at diagnosis, and their counties of residence. CDC’s National TB Genotyping 

Service used spoligotyping and 12-locus MIRU-VNTR analyses during 2004–2008. In 

January 2009, MIRU-VNTR analysis expanded to include 12 additional loci (i.e., 24-locus 

MIRU-VNTR).

This study included all TB cases with genotyping results reported from the 50 U.S. states 

and District of Columbia to NTSS during 2009–2018. Because these data are used for public 

health practice and obtained during routine TB surveillance, CDC deemed this analysis not 

to be human subjects research and, therefore, did not require IRB review.
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Measures

This analysis focused on incident clusters, defined as ≥3 genotype-matched cases preceded 

by a 24-month period during which no cases with matching spoligotype and 24-locus 

MIRU-VNTR patterns (or matching spoligotype and 12-locus MIRU-VNTR during any part 

of the 24-month period before 2009) were reported in that county. The date used for each 

case in this analysis was the earliest of the following 3 dates: the date of treatment initiation, 

the date the case was verified and counted by the state TB controller, or the date of the first 

clinical specimen from which drug-susceptibility results were available.

Statistical Analysis

Chi-square tests were used to compare the frequency distributions of demographic and 

clinical characteristics of patients in incident clusters of 3–5 cases with characteristics of 

patients in clusters with ≥6 cases.

After examination of the patient-level characteristics, cluster-level characteristics were 

examined; clusters were classified as having a given demographic or clinical characteristic 

if ≥1 patient among the first 3 case patients had the given demographic or clinical 

characteristic (e.g., those involving ≥1 person experiencing homelessness compared with 

those that had none). Then, Cox proportional hazards regression models were used to assess 

associations between these cluster-level characteristics and the hazard of accumulating ≥6 

cases; incident clusters that did not accumulate 6 cases before December 31, 2018 were 

censored. The Cox model facilitated investigation of associations between demographic 

and clinical factors among ≥1 of the first 3 cases and the hazard of clusters doubling in 

size from 3 to 6 cases, provided for censoring of clusters that never met the outcome 

of interest (i.e., ≥6 cases), and accounted for variable periods of time between the third 

case and censoring. Associations were quantified between demographic and clinical factors 

and risk per unit time (i.e., hazard rate) of accumulating ≥6 cases; hazard ratios (HRs) 

and 95% CIs were calculated that compared the hazard of clusters accumulating ≥6 cases 

given any of following characteristics among ≥1 of the initial 3 cases: 5 age groups, race/

ethnicity, experiencing homelessness, diagnosis while incarcerated, U.S.-born, substance 

use, sputum smear positivity, presence of radiograph findings consistent with pulmonary TB, 

and residence in a predominately urban versus rural county (or county-equivalent area) to 

the hazard of accumulating ≥6 cases among clusters that did not have ≥1 patient with the 

given characteristic (e.g., clusters with ≥1 patient aged 5–14 years compared with clusters 

with no patients aged 5–14 years).

The Cox model also facilitated simultaneous examination of multiple demographic and 

clinical covariates. Adjusted HRs (AHRs) and 95% CIs were estimated by accounting for 

time (in months) between the diagnoses of the first and third case in the cluster and the 

presence of any of the following covariates among the initial 3 cases that had p-values 

<0.20 in bivariate models: age 5–14 years, age 45–64 years, age ≥65 years, American 

Indian or Alaska Native race, Black race, homelessness within past year, U.S. birth, excess 

drug or alcohol use, and urban county as defined by the U.S. Department of Agriculture.9 

The appropriateness of the proportional hazards assumption for each of these variables 
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was verified by calculating Schoenfeld residuals, examining log–log curves, and assessing 

models with time as an interaction variable.

Because the variable representing time between the first and third case did not satisfy the 

proportional hazards assumption for the entire data set, stratified analyses were conducted 

calculating AHRs for risk factors associated with the hazard of cluster growth within the 

24 months following the third case in the cluster. The proportional hazards assumptions 

were met for the strata consisting only of incident clusters and follow-up periods of ≤24 

months after the third case. Because the highest risk for developing TB disease is thought 

to be during the 24-month period following infection, subsequent analyses used this model 

for identifying risk factors among incident clusters that would benefit from immediate 

intervention (i.e., compared with a model of follow-up periods >24 months after the third 

case).10

RESULTS

During 2009–2018, a total of 97,921 TB cases were reported to NTSS (Figure 1). Of these, 

26,412 (27%) cases were excluded because no genotyping results were available; about 3 

quarters (n=19,959) were clinically diagnosed cases without laboratory confirmation. Of 

the remaining 71,509 genotyped TB cases, investigators excluded 51,012 with a genotype 

unique to a particular jurisdiction, 6,934 that matched only 1 other case in a jurisdiction, 

and 6,986 that were in pre-existing clusters (i.e., there was no 24-month period without a 

genotype-matched case; therefore, the first case was not identifiable). These exclusions left 

6,577 cases in 1,516 incident clusters for analysis; 2,091 (32%) of these cases were in 231 

incident clusters of ≥6 cases.

Most (68%) cases in incident clusters occurred in patients aged 25–64 years (Table 1). 

Although the overall number of non-Hispanic American Indian or Alaska Native patients in 

clusters was small, their proportion in clusters with ≥6 cases was 4 times that of clusters 

with 3–5 cases (8% vs 2%, p<0.0001). More patients in ≥6 case clusters were non-Hispanic 

Black (Black) compared with 3–5 case clusters (33% vs 26%, p<0.0001). Homelessness was 

more common among patients in clusters with ≥6 cases compared with 3–5 case clusters 

(12% vs 9%, p<0.00001). More patients in ≥6 case clusters were U.S.-born compared with 

3–5 case clusters (66% vs 48%, p<0.01), and HIV coinfection was similar in ≥6 case 

clusters (7% vs 6%, p=0.06). Other characteristics were similar across incident clusters. 

Approximately a third of patients in incident clusters had radiographic evidence of cavitary 

disease; for most patients in incident TB clusters, symptomatic presentations to health care 

prompted their TB diagnostic evaluations.

Of the 1,516 incident clusters, 534 had ≤24 months between the third and sixth case or 

December 31, 2018, the end of the study period. The median time between the third and 

sixth cases was 11.7 (IQR=6.7–17.1) months in the 110 clusters that became ≥6 cases. 

Similarly, the median time between the third case and censoring was 12.3 (IQR=7.0–18.1) 

months among the 424 clusters that accumulated only 3–5 cases. However, among 424 

incident clusters that accumulated only 3–5 cases (i.e., did not become ≥6 cases), the median 

time between the first and third cases was 54 (IQR=31.3–75.8) months, compared with a 
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median time of 9.5 (IQR=3.7–20.4) months between the first and third cases among 110 

clusters that did accumulate ≥6 cases. Table 2 shows that a longer time interval between the 

first and third case was associated with lower hazard of a cluster becoming ≥6 cases in both 

the crude (HR=0.94 per month, 95% CI=0.93, 0.95) and adjusted (AHR=0.95 per month, 

95% CI=0.93, 0.96) models. In other words, each additional month between the first and 

third case was associated with a 5%–7% reduction in the hazard of becoming ≥6 cases in the 

unadjusted model and a 4%–7% reduction in the adjusted model.

Incident clusters with ≥1 patient aged ≥65 years among the first 3 cases had lower hazard of 

becoming ≥6 cases in both the crude (HR=0.4, 95% CI=0.2, 0.6) and adjusted (AHR=0.4, 

95% CI=0.2–0.7) models. Having ≥1 patient with Black race (HR=1.5, 95% CI=1.0, 2.1) or 

≥1 patient with American Indian/Alaska Native race (HR=3.8, 95% CI=2.0, 7.2) predicted 

higher hazard of cluster growth to or ≥6 cases in unadjusted models. Nonetheless, neither 

race nor ethnicity of first 3 cases were statistically significant predictors of cluster growth in 

the multivariable model (Table 2).

DISCUSSION

County-based incident clusters of ≥6 TB cases disproportionately included patients who 

used substances, had recently experienced homelessness, were incarcerated at diagnosis, 

were U.S.-born, or self-identified as of American Indian or Alaska Native or Black race. 

However, after accounting for the simultaneous effects of several demographic and clinical 

factors, only 2 factors among the first 3 were statistically significant predictors of hazard of 

growth to ≥6 cases. First, each additional month between the first and third cluster case was 

associated with approximately a 5% lower hazard rate of cluster growth. Second, diagnosis 

of ≥1 of the first 3 cases in patients aged ≥65 years was associated with an approximately 

60% lower hazard of growth to ≥6 cases.

County-based incident genotype clusters with ≥3 cases were infrequent, and even fewer 

doubled in size to ≥6 cases. However, incident clusters of ≥3 cases occurred in nearly 

every state during the study period. This finding is consistent with other data that suggest 

recent M. tuberculosis transmission represents a relatively small but persistent fraction 

of TB disease in the U.S., perhaps 10%–15% of genotyped cases.11 Though relatively 

infrequent, M. tuberculosis transmission likely affects distinct groups that might differ from 

a county’s typical TB caseload of primarily non–U.S. born patients and could require 

different TB control strategies. Geospatially concentrated clusters of cases with matching 

M. tuberculosis genotypes often involve U.S.-born patients, representing pockets of M. 
tuberculosis transmission in the U.S.6,11

Approximately 4%–6% of TB cases annually in the U.S. occur among patients who are or 

have recently experienced homelessness; in this analysis, 16% of cases in clusters with ≥6 

cases, and 9% among incident clusters with 3–5 cases, occurred among such individuals.6 

These findings are consistent with others’ observations that M. tuberculosis transmission 

among people experiencing homelessness remains a problem in the U.S., perhaps further 

demonstrating that traditional TB control strategies are less effective among those with 

unstable housing.1,13–16 Traditional TB control measures that depend on patients being able 

Wortham et al. Page 5

Am J Prev Med. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to name close contacts often have limited utility in large congregate settings (e.g., homeless 

overnight facilities) where there is a greater opportunity for transmission among people 

who are less likely to know identifying information about those with whom they have had 

shared airspace.1,13,16,17 This association between homelessness and large clusters could 

also reflect delayed diagnoses, because individuals experiencing homelessness often have 

limited access to the healthcare system, leading to delayed TB diagnoses, longer periods of 

symptomatic, contagious disease, and more M. tuberculosis transmission.18

Excess alcohol use and illicit drug use were also common among patients in incident 

clusters of both sizes. Both characteristics have been associated with infectiousness and 

poor treatment outcomes among TB patients; these characteristics could also be proxies 

for people with increased contact with others (e.g., shared substance use venues), lack 

of healthcare access, and, perhaps, delayed diagnosis.20 For example, patients might be 

unwilling or unable to name contacts encountered at substance use venues. To stop M. 
tuberculosis transmission in these social networks, public health programs must be able to 

establish trust and gain access to contacts at risk, which is often challenging.

Clusters involving individuals who self-identified as being American Indian or Alaska 

Native or Black race also had higher hazard of becoming clusters with ≥6 cases. Clusters 

involving American Indians and Alaska Natives were rare; most clusters fitting this 

description occurred in communities with substantial geographic and systemic barriers to 

health care. Anecdotally, the clustered TB cases among American Indians and Alaska 

Natives often resulted from active case finding efforts in isolated communities where 

transmission had already occurred; therefore, cases were diagnosed in short succession and 

these clusters accumulated 6 cases quickly. Anecdotally, among Black individuals, many 

of the clustered diagnoses occurred in people with other social risk factors and the time 

between cases was often short. Adjustment for these social risk factors and time interval 

between first and third cases made the observed associations between race and accumulation 

of ≥6 cases disappear. Conversely, ≥1 cases among people aged ≥65 years predicted clusters 

that stayed 3–5 cases; this is likely because TB among older patients disproportionately 

represents reactivation of latent TB infection acquired in the remote past.

Limitations

This analysis has limitations. First, this approach might have overestimated sizes of some 

clusters, because matching genotype patterns were defined by spoligotype and 24-locus 

MIRU-VNTR (i.e., conventional but incomplete genetic characterization of M. tuberculosis 
isolates). On the other hand, cluster size might have been underestimated for some, 

because genotyping can only be performed for culture-confirmed cases—often excluding 

young children with TB, for example, for whom culture confirmation is less common.21 

Additionally, clusters were defined using county (or county equivalent) borders, but M. 
tuberculosis transmission often involves patients in multiple jurisdictions. Nonetheless, this 

analysis should still be useful because public health decision making and service delivery 

often occur at the county level. Although there is no standard definition for clusters or 

outbreaks, given the relative rarity of clusters, doubling of cluster size (i.e., growing 

from 3 to 6 cases) should prompt additional consideration and potential public health 
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action in any jurisdiction. The cluster definition also facilitated comparisons with previous 

work in the U.S. as well as similar work in other countries.5,22,23 Other unmeasured 

case characteristics, such as social determinants (e.g., poverty, household size, access 

to health care) and occupation, could have been factors in M. tuberculosis transmission 

and ultimately cluster size. One potential explanation behind the finding that 3 cases 

in rapid succession was associated with cluster growth is that further transmission had 

already occurred (e.g., prolonged infectious period of an initial case) by the time public 

health authorities were able to implement effective countermeasures. To examine these 

important social determinants and the promptness or adequacy of TB control and prevention 

measures would require a different kind of study design; these key factors are not part 

of national TB surveillance and unable to be included in this analysis. Finally, though 

this study examined patient-level characteristics associated with cluster growth, information 

from epidemiologic investigations was not available. Without these data, systematically 

determining where cluster-associated transmission occurred and the relative contributions of 

transmission in different settings (e.g., household versus non-household congregate settings) 

was not possible.

CONCLUSIONS

In recent years, approximately two thirds of TB cases reported in the U.S. have occurred 

in non–U.S. born patients.6 Despite this, 48% of patients in clusters of ≥3 cases were 

U.S.-born, and >60% of patients in clusters of ≥6 cases were U.S.-born. Additionally, 

clusters disproportionately included patients who used substances, had recently experienced 

homelessness, were incarcerated, were U.S.-born, or self-identified as of American Indian 

or Alaska Native race or of Black race. Because incident clusters occurred in virtually 

every state, each state should continue implementing strategies to identify, investigate, 

and intervene to stop M. tuberculosis transmission in groups that might have different 

demographic profiles from the typical TB caseload of non–U.S. born individuals.1,24 Despite 

differences in demographics between patients in clusters of ≥6 cases compared with either 

clusters of 3–5 cases or TB cases overall, the best predictor for cluster growth from 3 to ≥6 

cases seems to be the occurrence of 3 matching TB cases in rapid succession (median=9.5 

months), suggesting the importance of ensuring public health capacity to intervene when 

these incident clusters are detected.
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Figure 1. 
Inclusion and exclusion algorithm for the primary analysis.
aTB cases for which only one case with that genotype was reported in the same county 

during 2009–2018.
bTB clusters were considered pre-existing if there were any cases in the county with 

matching spoligotype and 24-locus MIRU-VNTR during the 24 months preceding the first 

case (or matching spoligotype and 12-locus MIRU-VNTR for cases genotyped before 2009).

TB, tuberculosis; MIRU-VNTR, mycobacterial interspersed repetitive units variable number 

of tandem repeats.
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Table 1.

Demographic, Clinical, and Laboratory Characteristics of Tuberculosis Cases in Incident, County-based 

Genotype Clusters, 2009–2018

Patient characteristics All cases in incident clusters
N=6,577 patients

n (%)

3–5 case clusters
N=4,486 patients

n (%)

≥6 case clusters
N=2,091 patients

n (%)

p-value
f

Age group <0.0001

 0–4 years 190 (3) 124 (3) 66 (3)

 5–14 years 124 (2) 75 (2) 49 (2)

 15–24 years 952 (15) 619 (14) 333 (16)

 25–44 years 2,251 (34) 1,480 (33) 771 (37)

 45–64 years 2,226 (34) 1,550 (35) 676 (32)

 ≥65 years 833 (13) 637 (14) 196 (9)

Race/ethnicity <0.0001

 Non-Hispanic American Indian/Alaska Native 264 (4) 87 (2) 177 (8)

 Non-Hispanic Asian 1,137 (17) 848 (19) 289 (14)

 Non-Hispanic Black 1,866 (28) 1,169 (26) 697 (33)

 Non-Hispanic Native Hawaiian/other Pacific 
Islander

2,284 (35) 63 (1) 43 (2)

 Non-Hispanic White 869 (13) 628 (14) 241 (12)

 Hispanic or Latino 2,284 (34) 1,661 (37) 623 (30)

Experienced homelessness
a 647 (9) 391 (9) 256 (12) <0.0001

Incarcerated
b 358 (5) 207 (5) 151 (7) <0.0001

U.S.-born
c 3,529 (54) 2,147 (48) 1,382 (66) <0.0001

HIV infected 420 (7) 269 (6) 151 (7) 0.09

Excess alcohol or drug use 1,841 (28) 1,159 (26) 682 (33) <0.001

Reason evaluated for TB 0.09

 Abnormal chest radiograph 1,214 (19) 845 (19) 369 (18)

 Contact investigation 613 (9) 364 (8) 249 (12)

 Incidental lab result 507 (8) 347 (8) 160 (8)

 Targeted testing 266 (4) 142 (3) 124 (6)

 Symptoms of TB disease 3,768 (58) 2,617 (59) 1,151 (55)

Pulmonary disease 5,905 (90) 4,011 (89) 1,894 (91) 0.15

Sputum-smear positive
d 3,661 (62) 2,496 (62) 1,165 (62) 0.42

Radiographic findings
e

 Lung abnormalities 5,390 (91) 3,686 (92) 1,704 (90) 0.51

 Cavitary lesions in lungs 1,982 (37) 1,355 (37) 627 (37) 0.46

Note: Boldface indicates statistical significance (p<0.05).

a
Within year before TB diagnosis.

Am J Prev Med. Author manuscript; available in PMC 2022 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wortham et al. Page 12

b
At time of TB diagnosis.

c
A person born in 1 of the 50 states or the District of Columbia, or a person born outside the U.S. to at least one parent who was a U.S. citizen.

d
Among patients with pulmonary disease.

e
Among patients with pulmonary disease who also had chest radiograph results.

f
p-values based on χ2 test of proportions. Comparisons were between proportions of cases in clusters of 3–5 case and ≥6 case clusters.

TB, tuberculosis.
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