
Tuberculosis (TB) is a major public health problem 
in prisons globally. One meta-analysis reported 

that the incidence of TB among incarcerated persons 
was 4.1- to 26.9-fold higher than that in the general 

population (1). High levels of TB transmission in pris-
ons have been attributed to crowding (2), poorly ven-
tilated facilities (3), and lack of access to healthcare 
(4). In addition, several studies have reported a risk 
for spillover of TB from prisons into communities (5) 
and found that prisons can serve as drivers of popu-
lation-level incidence (6–8). Evaluating the risk for TB 
transmission from prisons to the community is help-
ful for developing an effective intervention strategy 
to reduce the risk for spillover to the community.

In Thailand, the TB burden is high (9), and the 
country has the largest inmate population in South-
east Asia (411 inmates/100,000 national population 
in 2021) (10). A previous cross-sectional study con-
ducted in a prison in Bangkok, Thailand, found that 
46.5% of the population had latent TB infection di-
agnosed by tuberculin skin test or interferon-γ re-
lease assay (11).

Our objective with this study was to identify gen-
otype clusters in the community by using whole-ge-
nome sequencing (WGS) data and to assess the con-
tribution of previously incarcerated persons to these 
transmission clusters. The project was approved by 
the ethics committees of Chiang Rai Prachanukroh 
Hospital, Chiang Rai, and the Thai Ministry of Public 
Health. All TB patients enrolled in the study provid-
ed written informed consent.

Methods

Study Population
To evaluate host and pathogen genetic risk factors for 
TB development and transmission, during December 
2017–February 2020, we conducted a healthcare facil-
ity–based cohort study in 18 districts in Chiang Rai 
Province, Thailand. We enrolled persons who had a 
positive Mycobacterium tuberculosis culture, were >18 
years of age, agreed to participate, provided blood or 
saliva samples for human DNA extraction, and were 
HIV negative at the time of TB diagnosis. Trained 
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To determine contributions of previously incarcerated 
persons to tuberculosis (TB) transmission in the com-
munity, we performed a healthcare facility–based cohort 
study of TB patients in Thailand during 2017–2020. We 
used whole-genome sequencing of Mycobacterium tu-
berculosis isolates from patients to identify genotypic 
clusters and assess the association between previous 
incarceration and TB transmission in the community. We 
identified 4 large genotype clusters (>10 TB patients/
cluster); 28% (14/50) of the patients in those clusters 
were formerly incarcerated. Formerly incarcerated TB 
patients were more likely than nonincarcerated patients 
to be included in large clusters. TB patients within the 
large genotype clusters were geographically dispersed 
throughout Chiang Rai Province. Community TB trans-
mission in the community was associated with the pres-
ence of formerly incarcerated individuals in Thailand. To 
reduce the risk for prison-to-community transmission, we 
recommend TB screening at the time of entry and exit 
from prisons and follow-up screening in the community. 
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research nurses collected baseline demographic and 
clinical information, including age, sex, ethnicity, 
date of diagnosis, sputum test results, chest radio-
graph results, treatment outcome, education level, 
annual income, and incarceration history (including 
the year of entry into prison and the duration of in-
carceration). We did not enroll TB patients who were 
incarcerated at the time of TB diagnosis.

WGS
We extracted DNA from M. tuberculosis culture iso-
lates and then sequenced the whole genomes by us-
ing Nextera XT (Illumina, https://www.illumina.
com). We applied variant calling methods by using 
the H37Rv reference genome (GenBank accession 
no. NC_00962.3) (12). We used an in-house Python 
script to determine the M. tuberculosis lineage on the 
basis of WGS data (13). We constructed a phyloge-
netic tree by using the maximum-likelihood methods 

in MEGAX (14) and visualized the tree with the In-
teractive Tree of Life (iTOL) online tool, version 6.5.2 
(https://itol.embl.de). We also analyzed pairwise 
single-nucleotide polymorphism (SNP) distances by 
using MEGA X and the frequency of pairwise SNP 
distances within sublineages (12). We used 2 SNP 
difference thresholds that have been used interna-
tionally to define clusters (15–17); the main analysis 
used a 12-SNP cutoff, which enabled inclusion of 
potentially related isolates, and the secondary anal-
ysis used a 5-SNP cutoff to identify highly related 
isolates. We defined large clusters as those that in-
cluded >10 isolates linked to >1 other isolate by 12 
pairwise SNP distances (Figure 1).

Statistical Analyses
For persons for whom we had WGS and incarcera-
tion history data, we compared baseline character-
istics based on the incarceration status by using χ2 
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Figure 1. Phylogenetic tree 
of patients with pulmonary 
tuberculosis of Mycobacterium 
tuberculosis lineage in study 
of risk for prison-to-community 
tuberculosis transmission, Chiang 
Rai Province, Thailand, 2017–
2020. Scale bar indicates 0.01 
substitutions per site SNP, single-
nucleotide polymorphism.
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tests for categorical variables. We used univariable 
and multivariable logistic regression models to 
evaluate the association between incarceration sta-
tus and the risk for inclusion in a large cluster after 
adjusting for age, sex, ethnicity, and history of TB 
treatment. Because the only large clusters were clus-
ters of lineage 2 strains, in the multivariate model 
adjusting for lineage we included only patients with 
lineage 2 isolates. We geocoded the patients’ ad-
dresses at the time of their TB diagnosis and used 
ArcGIS 10.0 software (Environmental Systems Re-
search Institute, https://www.esri.com) to plot the 
addresses of patients in the same large clusters on 
a map. We used the nearest neighbor index (NNI), 
defined as the ratio of the observed mean distance 
to the expected mean distance, to assess whether the 
spatial distribution pattern was random (NNI = 1), 
dispersed (NNI >1), or clustered (NNI <1) (18). We 
performed statistical analyses by using Stata 16.0 
(StataCorp LLC, https://www.stata.com).

Results
A total of 10.1% (n = 60) healthcare facility patients 
had a history of former incarceration; those persons 
were more likely than other TB patients to be infected 
with lineage 2 M. tuberculosis strains, unemployed, 
40–59 years of age, male, of hill tribe ethnicity, and 
to have a history of previous TB treatment (Table 1).

TB isolates were classified into 4 lineages: lin-
eage 1 (271 [45.8%]), lineage 2 (236 [39.9%]), lineage 
3 (7 [1.2%]), and lineage 4 (78 [13.2%]) (Figure 1). 
When we used the 12-SNP cutoff, the percentage 
of clustered cases was 6.6% (18 patients) in lineage 
1, 46.2% (109 patients) in lineage 2, and 29.5% (23 
patients) in lineage 4 (Appendix Table 1, https://
wwwnc.cdc.gov/EID/article/29/3/22-1023-App1.
pdf). None of the lineage 3 isolates were clustered. 
We identified 4 large clusters (>10 isolates) of strains 
with 150 (25.3%) isolates by using the 12-SNP cutoff 
and 1 large cluster with 33 (5.6%) isolates by using 
the 5-SNP cutoff (Table 2, Figure 1). The percentage 
of formerly incarcerated persons within the 4 large 
clusters was 28.0% (n = 14). In the univariate analy-
sis for all lineages, M. tuberculosis isolates from pre-
viously incarcerated TB patients were 4.19 (95% CI 
2.11–8.34-fold) more likely to be members of large 
clusters. After we adjusted for patient age, ethnicity, 
sex, and previous TB treatment history, prior incar-
ceration remained associated with inclusion in large 
clusters (adjusted odds ratio [aOR] 4.47, 95% CI 2.05–
9.32) (Table 2). Because the 4 large clusters included 
only lineage 2 isolates, we restricted our analysis 
to lineage 2 in the multivariate analysis. The odds  

ratio for prior incarceration decreased modestly 
(aOR 3.57, 95% CI 1.56–8.15) among lineage 2 iso-
lates after adjustment for age, ethnicity, sex, and pre-
vious TB treatment history. Although there was only 
1 large cluster with a cutoff of 5 SNPs, the genomic 
association with incarceration history was stronger 
than for persons in the large clusters with a cutoff of 
12 SNPs (Appendix Table 2).

The proportion of formerly incarcerated persons 
in a large cluster with the 12-SNP cutoff ranged from 
20.0% through 40.0% (Appendix Table 3). A maxi-
mum of 4/14 (28.6%) persons in the large clusters had 
received a TB diagnosis within 2 years after release. 
Cluster 3 included the highest percentage of former-
ly incarcerated persons (40.0%); 3 of the 4 formerly 
incarcerated patients had been incarcerated during 
2014–2018, and TB developed within 2 years after 
they were released. We found little overlap between 
the periods of incarceration in clusters 1, 2 and 4. The 
NNIs were close to 1 or >1 (cluster 1, 1.352; cluster 
2, 0.980; cluster 3, 1.350; cluster 4, 1.050), which sug-
gested that the patients in the large clusters were not 
spatially clustered (Figure 2).

Discussion
Our study found that formerly incarcerated TB pa-
tients were 4.7 times more likely than nonincarcer-
ated TB patients to be linked with other patients 
in large transmission clusters. The association be-
tween being in a large cluster and having a previ-
ous incarceration history suggests that these geno-
types could have circulated in prisons and spread 
to the community.

The timing of TB diagnosis varied after persons 
were released from prison. Only 29% of the formerly 
incarcerated persons in the large clusters received a 
TB diagnosis within the first 2 years after their release 
from prison.

Our results suggest that formerly incarcerated 
persons could be at higher risk for disease progression 
from latent to active TB for several years after their 
release from prison. A study from Brazil showed that 
among 83% of incarcerated persons in whom TB devel-
oped, diagnoses were within 2 years of release (5), and 
another study from Brazil estimated that it took 7 years 
for TB incidence rates among formerly incarcerated 
persons to decline to community levels (6). Because of 
the long-term risk for active TB development in incar-
cerated persons after they are released, careful follow-
up of such incarcerated persons should be a focus of 
local public health centers in the community (19).

Our study showed that in this setting, formerly 
incarcerated TB patients were widely distributed 
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throughout a large geographic area (Figure 2). This 
result was not consistent with that of a previous study 
in Lima, Peru, which found higher risk for multidrug-
resistant TB among persons living near prisons (20). 
The difference in the spatial distribution of TB ob-
served between the 2 studies is probably associated 
with the smaller number of more centralized prisons 
in Chiang Rai than in Lima. Lima has >10 million resi-
dents and 7 prisons, and formerly incarcerated per-
sons are likely to reside in areas relatively close to the 
prisons in which they were incarcerated. In contrast,  

Chiang Rai Province has only 1.2 million inhabit-
ants dispersed over ≈4,500 square miles and only 2 
prisons. In addition, 1 study from Brazil found that 
prison-related TB genotypes were widely dispersed 
throughout regions because some inmates were trans-
ferred from one prison to another (21). With dissemi-
nation of the risk for TB infection throughout large 
areas, it would be challenging to detect links between 
formerly incarcerated TB patients and community TB 
patients and to estimate the effect of incarceration his-
tory on the community transmission.
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Table 1. Characteristics of nonincarcerated TB patients and formerly incarcerated TB patients, Chiang Rai Province, Thailand, 
December 2017–February 2020* 

Characteristic 
Nonincarcerated TB patients, 

n = 532 
Formerly incarcerated TB 

patients, n = 60 p value 
Mycobacterium tuberculosis lineage   0.006 
 1 256 (48.1) 15 (25.0)  
 2 201 (37.8) 35 (58.3)  
 3 6 (1.1) 1 (1.7)  
 4 69 (13.0) 9 (15.0)  
Age, y   0.047 
 18–39 101 (19.0) 13 (21.7)  
 40–49 99 (18.6) 18 (30.0)  
 50-–9 139 (26.1) 17 (28.3)  
 >60 60 (36.3) 12 (20.0)  
Sex   0.001 
 M 373 (70.1) 54 (90.0)  
 F 159 (30.0) 6 (10.0)  
Ethnicity   0.032 
 Thai 408 (76.7) 37 (61.7)  
 Hill tribe  115 (21.6) 15 (36.7)  
 Other 9 (1.7) 9 (1.7)  
TB history   0.002 
 No 508 (95.5) 53 (88.3)  
 Yes 24 (4.5) 6 (10.0)  
 Unknown 0 1 (1.7)  
Prison year    
 Before 1999 NA 11 (18.3)  
 2000–2004 NA 5 (8.3)  
 2005–2009 NA 15 (25.0)  
 2010–2014 NA 16 (26.7)  
 After 2015 NA 12 (20.0)  
 Unknown NA 1 (2.9)  
Prison time, y    
 <1  NA 35 (58.3)  
 1–2 NA 5 (8.3)  
 >2 NA 20 (33.3)  
*NA, not applicable; TB, tuberculosis. 

 

 
Table 2. Association between formerly incarcerated TB patients and Mycobacterium tuberculosis genotype clusters, all lineages, 
Japan, 2022* 

Variable Total Unclustered 
Small cluster, 

2–6 cases 
Large cluster, 

>10 cases 
Unadjusted OR† 

(95% CI) 
Adjusted OR‡ 

(95% CI) 
Cutoff of 5 SNPs       
 Total 592 559 22 11   
 No history of incarceration 532 (89.9) 508 (91.0) 18 (81.8) 6 (54.6) Referent Referent 
 Formerly incarcerated 60 (10.1) 51 (9.1) 4 (18.2) 5 (45.5) 7.97 (2.36–26.96) 10.32 (2.47–43.09) 
Cutoff of 12 SNPs       
 Total 592 442 100 50   
 No history of incarceration 532 (89.9) 407 (92.1) 89 (89.0) 36 (72.0) Referent Referent 
 Formerly incarcerated 60 (10.1) 35 (7.9) 11 (11.0) 14 (28.0) 4.19 (2.11–8.34) 4.47 (2.05–9.32) 
*Values are no. (%) cases except as indicated. OR, odds ratio; SNP, single-nucleotide polymorphism; TB, tuberculosis. 
†ORs for the history of incarceration comparing those in large clusters with those unclustered or in small clusters.  
‡ORs adjusted for age, ethnicity, sex, and history of TB treatment. 
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TB control strategies in prisons should focus on 
not only reducing TB transmission in prison but also 
on preventing spillover from prison to community. 
In 2021, the World Health Organization Consolidat-
ed Guidelines on Tuberculosis updated the recom-
mendation of systematic screening in prisons from 
a “conditional recommendation” to a “strong rec-
ommendation” but noted that there was “very low 
certainty of evidence” (22). As a recent modeling 
analysis showed (6), combined interventions could 
reduce TB incidence in prisons and in the general 
population. Options for preventing TB transmission 
in prisons include screening at the time of entry into 
the prison, periodic mass screening of incarcerated 
persons, or both. To control prison-to-community 
transmission, exit screening before persons return to 
their respective residential areas and follow-up test-

ing in the community should also be performed (6). 
Furthermore, although the World Health Organiza-
tion guidelines conditionally recommend preven-
tive therapy in incarcerated persons depending on 
resource availability and the local risk for TB (19), 
few countries with low TB burden and high income 
have implemented preventive therapy programs 
for incarcerated persons (23). To reduce illness and 
death as well as the risk for TB transmission, the 
benefits of preventive therapy for incarcerated per-
sons in countries with high TB burden should also 
be considered (6).

Among the limitations of our study, we were not 
able to establish exact and direct epidemiologic links 
between incarcerated persons and persons in the gen-
eral population through contact tracing and are there-
fore not able to rule out the possibility that formerly 
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Figure 2. Distribution of clusters 
of tuberculosis patients in study 
of risk for prison-to-community 
tuberculosis transmission, 
Thailand, 2017–2020. NNI, 
nearest-neighbor index.
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incarcerated persons were infected in the community 
after release rather than vice versa. In addition, our 
study did not include all TB patients for whom diag-
nosis was made at the study site because we excluded 
patients who did not have culture isolates, who died 
before we contacted them, and who were co-infect-
ed with HIV. Therefore, we missed some links that 
might have affected the number of clusters, the size of 
clusters, and the proportion of formerly incarcerated 
persons in large clusters.

In conclusion, our study determined that large 
clusters included a high percentage of formerly incar-
cerated TB patients with variable years of incarceration 
and residential areas. Because prison-related genotypes 
are circulating in the community, control strategies 
such as entry and exit screening at release and follow-
up screening in the community should be considered 
to prevent TB-associated illness and death among in-
carcerated persons and community transmission.
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Tuberculosis
[too-ber′′ku-lo′sis]

Any of the infectious diseases of humans or other animals 
caused by bacteria of the genus Mycobacterium.  From 

the Latin tuberculum, “small swelling,” the diminutive form 
of tuber, “lump.” Tuberculosis has existed in humans since  
antiquity; it is believed to have originated with the first 
domestication of cattle. Evidence of tuberculosis has been 
shown in human skeletal remains and mummies from as  
early as 4000 bc. Mycobacterium bovis bacillus Calmette-
Guérin has been successfully used to immunize humans since 
1921, and treatment (rather than prevention) of tuberculosis 
has been possible since the introduction of streptomycin in 
1946. Hopes of completely eliminating the disease, however,  
have been diminished since the rise of drug-resistant 
M. tuberculosis strains in the 1980s.

Source: 

         Dorland’s illustrated medical dictionary. 30th ed. Philadelphia: Saunders; 
2003; Merriam-Webster’s collegiate dictionary. 11th ed. Springfield (MA): 
Merriam-Webster Incorporated; 2003; and http://www.wikipedia.org
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Appendix Table 1. Characteristics of pulmonary TB patients in Chiang Rai province 

Variable Category Total Unclustered Small cluster (2-9) Large cluster (over10) 
SNP differences   Cutoff 5 Cutoff 12 Cutoff 5 Cutoff 12 Cutoff 5 Cutoff 12 
Total 

 
592 559 442 22 100 11 50 

Lineage 1 271 (45.8) 271 (48.5) 253 (57.2) 0 18 (18.0) 0 0 
 2 236 (39.9) 203 (36.3) 127 (28.7) 22 (100) 59 (59.0) 11 (100) 50 (100) 
 3 7 (1.2) 7 (1.3) 7 (1.6) 0 0 0 0 
 4 78 (13.2) 78 (14.0) 55 (12.4) 0 23 (23.0) 0 0 
Age 18-39 114 (19.3) 97 (17.4) 74 (16.7) 10 (45.5) 27 (27.0) 7 (63.6) 13 (26.0)  

40-49 117 (19.8) 113 (20.2) 82 (18.6) 2 (9.1) 22 (22.0) 2 (18.2) 13 (26.0)  
50-59 156 (26.4) 147 (26.3) 123 (27.8) 8 (36.4) 25 (25.0) 1 (9.1) 8 (16.0)  
≥60 205 (34.6) 202 (36.1) 163 (36.9) 2 (9.1) 26 (26.0) 1 (9.1) 16 (32.0) 

Ethnicity Thai 445 (75.2) 425 (76.0) 352 (79.6) 14 (63.6) 62 (62.0) 6 (54.6) 31 (62.0)  
Hill-tribe 137 (23.1) 125 (22.4) 85 (19.2) 7 (31.8) 34 (34.0) 5 (45.5) 18 (36.0)  
Others 10 (1.7) 9 (1.6) 5 (1.1) 1 (4.6) 4 (4.0) 0 1 (2.0) 

Sex Male 427 (72.1) 409 (73.2) 326 (73.8) 12 (54.6) 67 (67.0) 6 (54.6) 34 (68.0)  
Female 165 (27.9) 150 (26.8) 116 (26.2) 10 (45.5) 33 (33.0) 5 (45.5) 16 (32.0) 

TB history No 561 (94.8) 533 (95.4) 422 (95.5) 18 (81.8) 92 (92.0) 10 (90.9) 47 (94.0)  
Yes 30 (5.1) 25 (4.5) 19 (4.3) 4 (18.2) 8 (8.0) 1 (9.1) 3 (6.0) 

  1 (0.2) 1 (0.2) 1 (0.2) 0 0 (0) 0 0 (0) 
Incarceration No 532 (89.9) 508 (90.9) 407 (92.1) 18 (81.8) 89 (89.0) 6 (54.6) 36 (72.0)  

Yes 60 (10.1) 51 (9.1) 35 (7.9) 4 (18.2) 11 (11.0) 5 (45.5) 14 (28.0) 
Prison year (n=60) Before 1999 11 (18.3) 11 (4.8) 7 (20.0) 0 2 (18.2) 0 2 (14.3)  

2000-2004 5 (8.3) 3 (1.3) 2 (5.7) 0 0 (0) 2 (18.2) 3 (21.4)  
2005-2009 15 (25.0) 14 (6.1) 12 (34.3) 0 2 (18.2) 1 (9.1) 1 (7.1)  
2010-2014 16 (26.7) 12 (5.3) 6 (17.1) 2 (9.1) 3 (27.3) 2 (18.2) 7 (50.0)  
After 2015 12 (20.0) 10 (4.4) 8 (22.9) 2 (9.1) 3 (27.3) 0 1 (7.1)  
Unknown 1 (1.7)  0  1 (9.1)  0 (0) 

Prison days (n=60) <1 year 35 (58.3) 29 (5.2) 18 (51.4) 4 (18.2) 10 (90.9) 2 (18.2) 7 (50.0)  
1-2year 5 (8.3) 3 (0.5) 3 (8.6) 0 0 (0) 2 (18.2) 2 (14.3)  
>2years 20 (33.3) 19 (3.4) 14 (40.0) 0 1 (9.1) 1 (9.1) 5 (35.7) 
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Appendix Table 2. Association between formerly incarcerated TB patients and clusters, restricted to lineage 2 isolates* 

Variable Total Unclustered 
Small cluster 

(2-6) 
Large cluster 

(≥10) 
Unadjusted OR 

(95%CI)† 
Adjusted OR 

(95%CI)‡ 
Cutoff 5       
 Total 236 203 22 11   
 No history of incarceration 201(85.2) 177 (87.2) 18 (81.8) 6 (54.6) Reference Reference 
 Formerly incarcerated 35 (14.8) 26 (12.8) 4 (18.2) 5 (45.5) 5.42 (1.56-18.86) 7.34 (1.64-32.92) 
Cutoff 12       
 Total 236 127 59 50   
 No history of incarceration 201 (85.2) 114 (89.8) 51 (86.4) 36 (72.0) Reference Reference 
 Formerly incarcerated 35 (14.8) 13 (10.2) 8 (13.6) 14 (28.0) 3.06(1.42-6.58) 3.57 (1.56-8.15) 
*OR, odds ratio; TB, tuberculosis. 
†ORs for the history of incarceration comparing those in large clusters with those unclustered or in small clusters.  
‡ORs adjusted for age, ethnicity, sex, and history of TB treatment. 
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Appendix Table 3. Characteristics of formerly incarcerated TB patients in four large clusters using 12 SNP cutoff* 

Cluster # ΔSNP<5 Age/sex -2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Cluster1† 1 ○ 40/M                      

5/17, 29.4% 2 ○ 30/M                      
 3 ○ 30/F                      
 4 ○ 40/M                      
 5 ○ 30/M                                               

Cluster2 6  60/M                      
3/13, 23.1% 7  40/M                      

 8  40/M                                               
Cluster3 9  60/M                      

4/10, 40.0% 10  30/M                      
 11  60/M                      
 12  30/M                                               

Cluster4 13  40/M                      
2/10, 20.0% 14  40/F                      

*Dark gray: incarcerated, light gray: possibly incarcerated, yellow: year of TB diagnosis, ΔSNP≤5: Isolates linked at least one other isolate by no more than 5 pairwise SNP distances. 
†Number of incarcerated TB patients/total number of TB patients, percentage of incarcerated people. 
 

 


