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Abstract
Background: Prisons are considered as major reservoirs for tuberculosis. Preventive therapy for latent TB infection
(LTBI) is an adjunctive strategy to control TB. However, LTBI data in Thai prisoners is limited. This study assessed the
prevalence of LTBI and feasibility of isoniazid preventive therapy (IPT).
Methods: A cross-sectional study was conducted among prisoners in Klong Prem Central Prison, Bangkok.
Participants were screened for active TB by questionnaire and chest X-ray. LTBI was evaluated by Tuberculin skin
test (TST) and QuantiFERON-TB Gold Plus (QFTP) among subgroup. Participants with positive TST or QFTP were
considered to have LTBI. Participants with LTBI were offered IPT.
Results: From August 2018–November 2019, 1002 participants were analyzed. All participants were male with a
median age of 38 (IQR 32–50) years. LTBI identified by either TST/QFTP was present in 466 (46.5%) participants. TST
was positive in 359 (36%) participants. In the subgroup of 294 participants who had both TST and QFTP results,
181/294 (61.6%) tested positive by QFTP. Agreement between TST and QFTP was 55.1% (Kappa = 0.17). The risk
factors associated with LTBI were previous incarceration (aOR 1.53, 95%CI, 1.16–2.01, p = 0.002), history of prior
active TB (aOR 3.02, 95%CI, 1.74–5.24, p < 0.001) and duration of incarceration ≥10 years (aOR 1.86, 95%CI, 1.24–2.79,
p = 0.003). Majority of LTBI participants (82%) agreed to take IPT. Three hundred and 56 (93%) participants
completed treatment whereas 27 (7%) participants discontinued IPT due to the side effects of INH.
Conclusion: This is the first study to evaluate the prevalence of LTBI and feasibility of IPT among Thai prisoners.
LTBI prevalence in male prisoners in Thailand is high. LTBI screening and treatment should be implemented
together with other preventive components.
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Background
In 2019, 10 million people developed tuberculosis (TB)
and approximately 1.4 million people died from TBrelated illnesses worldwide [1]. Although cumulative TB
incidence reduced approximately 9% from 2015 to 2019,
this less than half of the 20% reduction required to meet
the World Health Organization (WHO)‘s End TB Strategy milestone between 2015 and 2020 [2]. One challenge
is the high TB incidence among high risk populations,
including prisoners. Globally, TB incidence is 5 to 70
times greater in prisons than in general population [3].
Prisons act as an institutional TB amplifier, facilitating
transmission to the general population through released
inmates, especially in low-middle income countries [4].
High levels of incarceration therefore contribute to the
increasing TB incidence in the general population level
[5]. Many prisoners are from populations at high risk for
TB infection and active TB disease, such as alcohol or
drug users and people living with human immunodeficiency virus (HIV) [6]. Structural and institutional factors contributing to transmission of TB in prisons
include poor ventilation, overcrowding, delayed diagnosis and inadequate treatment.
Thailand is one of 14 countries with the highest burden of TB, TB/HIV and multi drug resistance (MDR)TB defined by WHO [7]. Moreover, Thailand had the
6th highest number of incarcerated individuals worldwide in 2021 [8]. A nationwide active TB screening campaign was conducted in 2017. Using chest X-ray (CXR)
in addition to symptom screening among 285,367 inmates in 143 prisons, a total of 2473 active tuberculosis
cases (873/100,000 persons) were detected [9], a rate 5.6
times higher than in the general population [1]. Although active case finding and treatment of active TB
remain the keys for TB control, this approach alone is
not sufficient to achieve the WHO End TB Strategy targets: TB preventive therapy for latent TB infection
(LTBI) is a necessary adjunctive strategy [10].
There are currently no data that describe LTBI rates
in Thai prisoners. Our primary objective was therefore
to assess the prevalence of LTBI based on tuberculin
skin test (TST) and/or interferon gamma release assay
(IGRA), and assess agreement between tests among Thai
prisoners tested with both. We also evaluated the feasibility and uptake of latent tuberculosis preventive therapy in this population.
Methods
Study design and participants

From August 2018 to November 2019, we conducted a
cross-sectional study in Klong Prem Central Prison, a
maximum-security prison in Bangkok, Thailand. In
2018, the incidence of TB in this prison was 1077 cases
per 100,000 persons. It currently houses more than 6000
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inmates, all of whom are male. The inclusion criteria for
this study were Thai inmates, aged ≥18 years, with more
than 2 years remaining in their prison terms to enable
follow-up of TB incidence. Participants diagnosed with
active TB within the previous 6 months were excluded.
After TB education sessions and information describing the study were delivered by study site staffs, interested participants were asked to provide written
informed consent. The consent process and all study
procedures were conducted in Thai, by study site staffs.
Ethical approval

This study was approved by the Department of Corrections, Ministry of Justice, Thailand and the ethics committees of Chulalongkorn University. This study was
conducted according to Declaration of Helsinki and
Good Clinical Practice. All participants provided signed
written informed consent.
Study procedures

We collected participant information by using a questionnaire. The information included demographic data,
history of incarceration, HIV risk behaviors, history of
substance misuse, history of close contact TB, history of
previous TB diseases and current TB symptoms. Participants underwent portable chest radiographs, which were
read by radiologists. Those testing positive on symptom
screening or chest radiographs were investigated further
using sputum smear microscopy, culture for M. tuberculosis and/or GeneXpert MTB/ rifampin (RIF) (Xpert; Cepheid, Sunnyvale, CA). Participants diagnosed with
active TB were sent to the Medical Correctional hospital
located in the same area as the Prison, for TB treatment
and isolation. Participants also underwent blood testing
for HIV antibody, hepatitis B surface antigen (HBs Ag),
Anti HCV and syphilis (by venereal disease research laboratory with a confirmatory test).
LTBI testing and interpretation

For all participants, the one step TST protocol was administered using two tuberculin units (0.1 mL) of RT23
Purified Protein Derivative (PPD; Beijing Sanroad biological products co., Ltd) on the left forearm using the
intradermal technique. The size of induration was measured by trained study nurses after 48–72 h using the
ballpoint reader method. An induration of ≥10 mm, or
in the case of an HIV positive participant ≥5 mm, was
considered positive.
Due to the high expense involved with IGRA and limited study budget, only the first 294 participants that
were enrolled into the study had IGRA testing in
addition to TST. Blood samples for QuantiFERON-TB
Gold Plus (QFTP, Qiagen, Valencia, CA, USA) testing
were collected by venipuncture prior to TST and
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performed according to the manufacturers’ instructions.
QFTP includes two antigen tubes, TB1 and TB2 which
contain specific Mycobacterium tuberculosis (MTB) peptides. TB1 and TB2 are designed to target cell mediated
responses from cluster of differentiation (CD) 4 T-cells
and CD8 T-cells, respectively [11].
TST and QFTP readings were performed independently; TST by study nurses as described above. QFTP
was performed and analyzed by medical technologists.
Nurses and medical technologists were blinded from the
result of the corresponding test. Participants with positive TST or QFTP were considered as having LTBI. According to National Tuberculosis Control Programme
Guideline of Thailand, LTBI treatment is not recommended for prisoner [12]. However, participants with
LTBI in this study were offered daily isoniazid preventive
therapy (IPT) for 6 months or 9 months for HIV negative and HIV positive participants, respectively. Participants who received IPT were followed up at 1 month,
and every 3 months thereafter if there was no evidence
of adverse events. Participants received IPT under direct
observed therapy (DOT) by prison healthcare staff. IPT
completion was defined as taking IPT for at least 90% of
the total designated dose for 6 months or 9 months according to their HIV status.
Statistical analysis

Baseline characteristics of participants were stratified by
LTBI status. Formal comparisons between the LTBI
group and non- LTBI group were made using a chisquare or Wilcoxon rank-sum test for categorical and
continuous variables, respectively. Multivariable logistic
regression was used to determine factors associated with
LTBI prevalence diagnosed by TST or QFTP, factors associated with QTFP+/TST- discordant results (versus
positive concordant results) and development of adverse
events necessitating treatment cessation in those patients
who started IPT. We assessed the linearity of continuous
predictors against the logit function, and in the case of
non-linearity, the variable was modelled in quartiles. Adjacent quartiles were collapsed together if the odds ratio
and 95%CI were similar. Variables with p < 0.1 in univariate models were adjusted for in multivariable models.
A subgroup analysis of participants who had both TST
and QFTP testing were performed to assess the
consistency of the two tests for diagnosing LTBI. The
agreement between the TST and QFTP was determined
using Cohen’s kappa statistic (κ), with coefficients of >
0.75, 0.45–0.75 and < 0.4 considered as excellent, fair to
good and poor agreement, respectively. A sensitivity analysis compared agreement between IGRA and TST in
patients with TST induration > 5 mm given that prisoners live in very crowded conditions and are at high
risk for contracting active TB. McNemar’s test of paired
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proportions was used to generate a P-value for the concordance of the tests. All statistical tests were two-sided,
at a nominal 5% significance level. Statistical analyses
were performed using Stata 15.1 (StataCorp, College Station, TX, USA).

Results
Participant characteristics

Among the total of 6194 inmates in this prison, 3700 inmates who have more than 50 years sentence were located in the highest security zone. We were not
authorized to conduct research in this area. One thousand twenty inmates were excluded as the duration of
their remaining prison terms was < 2 years, and early release would preclude collection of follow-up data.
Hence, 1474 inmates were met the inclusion criteria. Of
these, 1032 (70%) inmates were interested in participating in this study. Thirty participants were excluded because of abnormal chest X-rays (n = 25) and incomplete
TST testing (n = 5). Thus, 1002 participants were included in the analysis. All participants were male with
median age of 38 (interquartile range (IQR) 32–50)
years. Median duration of current incarceration was 5.8
(IQR 3.8–8.2) years. The prevalence of HIV, hepatitis B
virus (HBV), hepatitis C virus (HCV) and syphilis infections were 2.9, 6.1%, 5.7 and 4.9%, respectively. Participants’ characteristics stratified by LTBI status are shown
in Table 1.
Prevalence of LTBI and factors associated with LTBI in
prison

LTBI identified by either TST or QFTP positivity was
present in 466/1002 (46.5%) participants. In univariable
logistic regression of factors associated with LTBI, age ≥
30 years, having been incarceration ≥10 years, a history
of previous incarceration, a history of active TB and HIV
infection had p-values < 0.1, and were entered into the
multivariate model. In the multivariable model, having
been currently incarcerated ≥10 years (adjusted odds ratio (aOR) 1.86 [95% confidence interval (CI), 1.24–2.79]
p = 0.003), a history of previous incarceration (aOR 1.61
[95%CI, 1.22–2.13] p = 0.001) and history of active TB
(aOR 2.77 [95%CI, 1.59–4.82] p < 0.001) remained independently associated with LTBI prevalence (Table 2).
Test agreement between TST and QFT-plus

Overall TST was positive in 359/1002 (35.8%) participants. In the subgroup of 294 participants who had both
TST and QFTP results available, 99/294 (33.7%) tested
positive by TST and 181/294 (61.6%) tested positive by
QFTP. Of these, 74 (25.2%) had concordant positive results, 88 (29.9%) had concordant negative results and
107 (36.4%) had QFTP +/TST- discordance. Only
25(8.5%) had QFTP−/TST+ discordance.
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Table 1 Participant characteristics stratified by LTBI status

Age (years), median (IQR)
2

Body mass index (kg/m ), median (IQR)

Total
N = 1002

No LTBI
N = 536

LTBI
N = 466

P

38 (32–50)

38 (31–49)

38 (32–52)

0.07

21.7 (19.8–23.5)

21.8 (20–23.7)

21.6 (19.6–23.5)

Highest education, n (%)

0.11
0.53

• Elementary

621 (62)

324 (60.5)

297 (63.7)

• High school

299 (29.8)

164 (30.5)

135 (29.0)

• Bachelor or higher

82 (8.2)

48 (9)

34 (7.3)

Duration in prison (years), median (IQR)

5.8 (3.8–8.2)

5.6 (3.4–7.8)

6.3 (4.2–9.1)

0.001

History of previous incarceration, n (%)

307 (30.8)

140 (26.3)

167 (36.1)

0.001

History of substance abuse, n (%)

626 (62.5)

323 (60.3)

303 (65)

0.12

History of previous active TB, n(%)

76 (7.6)

21 (3.9)

55 (11.8)

< 0.001

HIV seropositive, n(%)

29 (2.9)

10(1.9)

19(4)

0.04

In univariable logistic regression analysis, history of
previous active TB and history of contact with a known
TB case had p < 0.1, and were entered into the in the
multivariable model. In this model, only history of previous active TB remained independently associated with
QTFP+/TST- discordance (aOR 0.26, 95% CI 0.10, 0.6,
p = 0.005) after adjusting for known contact with a TB
case, suggesting those with known previous active TB
were less likely to have a QTFP+/TST- discordant versus
positive concordant response. We compared age and
weight between QTFP+/TST- and QTFP−/TST+ discordance groups, but the distribution of the variables between the groups was similar.
Agreement between tests was 55.1% (Kappa = 0.17
(95% CI 0.071–0.259) (Table 3).
Agreement was also low at 60.2% when the cut-off for
a positive TST was reduced to > 5 mm for all patients

(Kappa = 0.11 (95%CI 0.001–0.226); McNemar’s P for
both comparisons < 0.001.
In the assessment where a positive TST result was
judged as > 10 mm for participants except those with
HIV-infection, participants in QFTP +/TST- discordance
group had lower median IFN-γ concentrations in both
TB1 and TB2 tubes than participants who had concordant positive (QFTP +/TST+) results (TB1: 1.75 IU/mL
(IQR 0.89–3.34) vs 2.47 IU/mL (IQR 0.96–5.84); p =
0.08, TB2: 1.78 IU/mL (IQR 1.04–4.03) vs 2.82 IU/mL
(1.41–5.69); p = 0.05) Fig. 1.
LTBI treatment initiation and completion

The majority of LTBI participants (n = 383; 82.2%)
agreed to start IPT. Of these, 356/383 (92.9%) completed
treatment and 27 (7.1%) participants discontinued IPT
due to adverse effects. The most common side effects

Table 2 Factor associated with LTBI in prison
Univariate
Age ≥ 30 years
2

Body mass index < 18.5 kg/m

Multivariate

OR (95%CI)

P-value

aOR (95%CI)

1.36 (0.97–1.91)

0.07

1.13 (0.79–1.62)

1.38 (0.93–2.03)

0.11

P-value
0.49

Duration in prison (years)
< 5 years

Ref

5–9

1.23 (0.94–1.62)

0.13

Ref
1.18 (0.89–1.58)

0.25

≥ 10

1.90 (1.30–2.79)

0.001

1.86 (1.24–2.79)

0.003

History of previous incarceration

1.58 (1.21–2.07)

0.001

1.61(1.22–2.13)

0.001

History of active TB

3.28 (1.95–5.52)

< 0.001

2.77 (1.59–4.82)

< 0.001

History of substance abuse

1.23 (0.95–1.59)

0.12

History of contact TB cases

1.23 (0.86–1.76)

0.26

HIV co-infection

2.24 (1.03–4.89)

0.04

1.32 (0.55–3.14)

0.54

HBV co-infection

1.20 (0.72–2.02)

0.49

HCV co-infection

1.39 (0.82–2.39)

0.22
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Table 3 Paired Results of testing with TST and QFTP
TST
Positive

QFTP

Total

Positive

Negative

74

25

99

Negative

107

88

195

Total

181

113

294

TST positivity rate: 99/294 = 33.7%
QFTP positivity rate: 181/294 = 61.6%
Kappa score (95%CI): 0.165 (0.071–0.259)
QFTP QuantiFERON-TB Gold Plus, TST Tuberculin skin test

were nausea (2.6%), vomiting (2.3%) and rash (2.1%).
Two participants (0.5%) developed drug-induced hepatitis necessitating IPT discontinuation. Having HBV coinfection (aOR 4.92, 95%CI, 1.76–13.78, p = 0.002) and
HCV co-infection (aOR 3.56, 95%CI, 1.12–10.59, p =
0.02) were associated with gastrointestinal (GI) adverse
events and hepatotoxicity after IPT initiation.

Discussion
This study evaluated prevalence of LTBI, by using TST
and QFTP, in a large prison in Bangkok, Thailand, and
to our knowledge, is the first study to evaluate LTBI
prevalence and feasibility of LTBI treatment among Thai
prisoners. Surprisingly the 61.6% prevalence of positive
QFTP was much higher than the 13 and 20% prevalence
in reported in Thai people living with HIV (PLWH) [13]
and Thai health care workers, respectively [14] who were
also tested by IGRA. Furthermore, this positive IGRA
prevalence was higher than that reported from

correctional facilities in other high TB burden countries
such as China (52%) [15] and Ethiopia (51%) [16].
For TST, 35.8% of all participants, and 33.7% in the
subgroup who additionally had IGRA testing, respectively, had a positive TST. These findings are similar
to the prevalence of TST among Brazilian prisoners
(33%) [17]. Whereas those reported from prisoners in
other high TB burden countries ranged from 62 to
89% [18–20]. However, the prevalence of LTBI defined by TST in our study, was higher than that reported in Thai PLWH [13, 21–23].
Our study demonstrated poor agreement between
TST and QFTP test results. We showed 36.4% prevalence of QFTP +/TST- discordance among prisoners in
a TB high endemic country. These findings are in line
with previous studies among other high-risk populations,
including prisoners [24], health care workers [14, 25]
and HIV infected individuals [26–28]. The immunologic
explanation for this discordance, however, is poorly
understood. The QFTP +/TST- discordance group

Fig. 1 Participants with discordant QFTP+/TST- had lower IFN- γ production as compared with concordant positive QFTP+/TST+. QFTP;
QuantiFERON-TB Gold Plus, TST; Tuberculin skin test
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tended to have lower IFN-γ production from CD4 Tcells and CD8 T-cells in response to MTB antigens than
those with concordant positive results. The tuberculin
skin reaction, a localized immune reaction to soluble
MTB antigens, is a delayed type hypersensitivity reaction
(DTH). Mycobacterial antigens drive the differentiation
of CD4+ T cells to Th1 cells. Th1 cells secrete IFN- γ
that is responsible for macrophage activation. Moreover,
the effector mechanisms of DTH include coagulation
and microvascular homeostasis, in addition to macrophage activation which all affect skin induration results
[29, 30]. In contrast, IGRA only measures IFN-γ released
from T-cell in the peripheral blood. Our findings suggest
that lower IFN- γ concentrations may be below the
threshold necessary to trigger DTH, resulting in a false
negative TST. This is consistent with a previous study
where lower IFN- γ and IL-2 levels were associated with
IGRA+/TST- discordance in pregnant HIV-infected
women [26]. A meta-analysis comparing the sensitivity
of TST with QuantiFERON Gold In-tube (QFT-GIT) in
active TB disease found a higher sensitivity of QFT-GIT
compared to TST, suggesting that the low TST positive
rate could be due in part to false negative results [31].
Another reason that explains this discordance may relate
to operator dependent errors when performing and
reading TST. However, we believe this explanation is
less likely a contributor to the discordance, because both
nurses were well trained and experienced in performing
TST.
Having been incarcerated ≥10 years, or having a previous incarceration were independent risk factors associated with LTBI prevalence in our study. Many previous
studies have demonstrated that previous incarceration
was a risk factor for LTBI in prisons, regardless of the
TB burden in the country [15, 17, 20, 32]. Furthermore,
a longer duration of incarceration was associated with
LTBI among Chinese [15] and Ethiopian [16] prisoners.
This finding underscores the cumulative nature of the
risk of TB transmission among prisoners, and highlights
the public health importance of implementing LTBI
screening and treatment in this setting.
Another key finding of our study is the feasibility of
providing IPT in Thai prisoners. Ninety-three percent of
participants who started IPT successfully completed
their course. This rate is higher than the range of 3 to
87% reported in a systematic review among prisoners in
international setting [33]. However, the majority of studies in this review were conducted in low TB endemic,
high-income countries. We reported the high rate of
IPT completion in response to WHO recommendation
to focus on increased detection and early diagnosis in
low- and middle-income prison settings [34]. We found
7% of participants discontinued IPT due to the side effects. Having HBV or HCV co-infection were significant
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risk factors for developing GI adverse event and hepatoxicity after IPT initiation. Hence, the testing for viral
hepatitis should be consider before IPT initiation.
There are some limitations to our study. First, this is a
cross-sectional study, which precludes analysis of longitudinal changes including incident TB among participants. Second, IGRA testing was not available in every
participant due to lack of funding, which limits the
power to fully evaluate the agreement between TST and
IGRA. Third, all participants were males, so our results
might not be applicable to female prisoners. Fourth, we
did not assess the history of BCG vaccination among the
participants, which may affect TST positivity. However,
since 1967, Thailand has routinely vaccinated newborn
babies on their first day of life. Therefore, based on participant age, 786 (78%) participants are likely to have
been BCG vaccinated as babies, however BCG revaccination is not recommended in Thailand. Fifth, 442
of 1474 eligible inmates did not consent to participating
in this project, and the possibility of some selection bias
cannot be ruled out. Lastly, although the nurses conducting and interpreting the TST results were experienced in this technique, and our laboratory is accredited
by the College of American Pathologists, there is a possibility that discordance may have arisen due to TST interpretation or experience with conducting the IGRA
test. The discordance rate amongst the first and second
half of the IGRA tests conducted in chronological order
in the inmates who dual tested was similar at 39 versus
32%. In future studies, we would have more confidence
in these discordant results if the TST results were independently checked by two nurses, and the QFT was confirmed by an independent laboratory.
LTBI prevalence in male prisoners in Thailand is high.
Given that there is no gold standard to diagnose the true
prevalence of LTBI, our study suggests that the QFTP
may be superior to TST in identifying prisoners that
would benefit from IPT in a TB high burden country.
We also demonstrated high completion rates of IPT. In
order to effectively control TB infection in correctional
facilities, programs including LTBI screening and treatment should be implemented together with other preventive components such as active TB case-finding,
infection control and early treatment of active TB.
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