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Abstract

Background

Healthcare workers (HCWs) are at increased risk of tuberculosis infection (TBI). We esti-

mated the prevalence and incidence of TBI and risk factors among HCWs in Bangladeshi

hospitals to target TB infection prevention and control (IPC) interventions.

Methods

During 2013–2016, we conducted a longitudinal study among HCWs in four chest disease

hospitals. At baseline, we administered a questionnaire on sociodemographic and occupa-

tional factors for TB, tuberculin skin tests (TST) in all hospitals, and QuantiFERON ®-TB

Gold in-Tube (QFT-GIT) tests in one hospital. We assessed factors associated with base-

line TST positivity (induration�10mm), TST conversion (induration increase�10mm from

baseline), baseline QFT-GIT positivity (interferon-gamma�0.35 IU/mL), and QFT-GIT con-

version (interferon-gamma <0.35 IU/mL to�0.35 IU/mL). We included factors with a biologi-

cally plausible relationship with TBI identified in prior studies or having an association (p =

<0.20) in the bivariate analyses with TST positivity or QFT-GIT positivity in multivariable

generalized linear models. The Kaplan-Meier was used to estimate the cumulative TBI inci-

dence rate per 100 person-years.

Results

Of the 758 HCWs invited, 732 (97%) consented to participate and 731 completed the one-

step TST, 40% had a positive TST result, and 48% had a positive QFT-GIT result. In multi-

variable models, HCWs years of service 11–20 years had 2.1 (95% CI: 1.5–3.0) times

higher odds of being TST-positive and 1.6 (95% CI 1.1–2.5) times higher odds of QFT-GIT-
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positivity at baseline compared with those working�10 years. HCWs working 11–20 years

in pulmonary TB ward had 2.0 (95% CI: 1.4–2.9) times higher odds of TST positivity, and

those >20 years had 2.5 (95% CI: 1.3–4.9) times higher odds of QFT-GIT-positivity at base-

line compared with those working <10 years. TBI incidence was 4.8/100 person-years by

TST and 4.2/100 person-years by QFT-GIT. Females had 8.5 (95% CI: 1.5–49.5) times

higher odds of TST conversion than males.

Conclusions

Prevalent TST and QFT-GIT positivity was associated with an increased number of years

working as a healthcare worker and in pulmonary TB wards. The incidence of TBI among

HCWs suggests ongoing TB exposure in these facilities and an urgent need for improved

TB IPC in chest disease hospitals in Bangladesh.

Introduction

Tuberculosis (TB) remains an international global health concern, with 10 million people esti-

mated to have become ill with TB disease in 2020, of whom 89% were adults [1]. In Bangla-

desh, 267,143 new and retreatment TB cases were notified in 2018 [2]. Among notified cases,

81% were pulmonary TB (PTB) infections [2]. The estimated overall incidence rate of TB in

Bangladesh was 221 per 100,000 population in 2018, putting Bangladesh in the top ten highest

TB burden countries in the globe [2].

Healthcare workers (HCWs) are at risk for occupational exposure to TB [3–6]. In 2019, a

systematic review estimated that 46% (95% CI 38–54%) of HCWs in low- and middle-income

countries had TB infection (TBI), which is nearly double the global prevalence of TBI [7, 8].

Apriani et al. (2019) also estimated that the yearly incidence of TBI among HCWs by tubercu-

lin skin test (TST) ranged from 1–38% (mean, 17%) and by interferon-gamma release assays

(IGRAs), from 10–30% (mean, 18%) [8]. Although the Bangladesh National Tuberculosis Con-

trol Program (NTP) recommends treating most TB cases as outpatients using Directly

Observed Treatment, Short-course (DOTS), NTP recommends that persons with multi-drug

resistant (MDR) TB and complicated TB, such as those with hemoptysis, pleural effusion,

cachexia, TB drug intolerance, or other co-morbid conditions, be treated as inpatients at chest

disease hospitals, increasing the likelihood of HCWs being exposed to drug-susceptible and

drug-resistant TB [9, 10]. Hospitals in Bangladesh often lack basic infection prevention and

control (IPC) measures, increasing HCWs’ risk for exposure from TB patients and fellow

HCWs with undiagnosed PTB [11, 12].

Currently, a gold standard test for the diagnosis of TBI is absent [13]. TBI is diagnosed by

measuring the stimulation (in vivo or in vitro) by Mycobacterium tuberculosis complex anti-

gens [14]. TST is performed in vivo and has been widely used to estimate TBI prevalence

among HCWs in low- and middle-income countries with high TB incidence [15, 16]. How-

ever, TST has limitations: it may over-estimate the prevalence of TBI among persons with a

history of Bacille Calmette-Guérin (BCG) vaccination or those with exposure to non-tubercu-

lous mycobacteria (NTM) and has low sensitivity in persons with weakened immune systems

[17]. IGRAs are performed in vitro and have a number of advantages over TST, including no

requirement of return visits and being less affected by exposures to BCG vaccination, or by

NTM infection [18–20]. However, a major concern about the use of IGRAs is that routine

serial testing may lead to false positive conversions (six to nine times more frequent with
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IGRAs than with TST) [21]. The WHO recommends either TST or IGRA for TBI detection

depending on the country context [22]. Since both TST and IGRA have some advantages and

disadvantages in detecting TBI, scientists occasionally use both tests in the same study to

screen HCWs for TBI [13, 23].

In Bangladesh, there are limited data on the prevalence and incidence of TBI among

HCWs. Determining TBI incidence among HCWs in Bangladesh may help identify high-risk

groups or work locations and monitor the effectiveness of IPC interventions to reduce TB

transmission risk in hospitals. Bangladesh’s NTP guidelines recommend periodic TBI screen-

ing of HCWs to document healthcare-associated TB infection and initiate preventive TB treat-

ment [24, 25]. In collaboration with NTP, we sought to estimate the prevalence and incidence

of TBI using both IGRA and TST and associated risk factors among HCWs in Bangladeshi

chest disease hospitals and identify sub-populations of HCWs at the highest risk of TBI who

can be targeted by TB IPC interventions.

Methods

Study design and sites

From March 2013 through January 2016, we conducted a prospective longitudinal study in

Bangladesh’s four largest chest disease hospitals. The study hospitals were located in the Raj-

shahi (Hospital A), Khulna (Hospital B), Chittagong (Hospital C), and Dhaka (Hospital D)

divisions in Bangladesh. Annually, Hospital A admits an average of 1,283, Hospital B 344, Hos-

pital C 289, and Hospital D 3,995 PTB patients as inpatients. These hospitals serve most TB

and MDR-TB patients with respiratory complications or co-morbid conditions in the country

[9, 26, 27].

Study definitions, sample size, recruitment, and assessment

A HCW was defined as any person�18 years of age who received payment for working in one

of the study hospitals. All HCWs at the study hospitals were invited to participate in the study,

including ancillary workers (e.g., cleaners, male attendants, and female attendants), clinical

staff (e.g., interns, pharmacists, nurses, and doctors), and administrative staff (e.g., clerks and

stock/supply chain personnel).

We organized a training session in each of the participating facilities to inform the hospital

director, doctors, nurses, and ancillary workers about the study objectives, planned activities,

and future use of the data. The field team then collected the hospitals’ rosters, listed the names

of HCWs by departments and wards, and invited the HCWs to participate during visits to the

wards. We recruited HCWs at the hospitals using trained field staff and obtained written

informed consent from all enrolled HCWs. We administered a structured questionnaire to

collect socio-demographic, professional, and household-level information; social history; and

history of past and ongoing TB treatment, including self-reported childhood BCG vaccination.

To assess TBI among HCWs, we used TST alone in three study hospitals (Hospitals A, B,

and C) and TST and QFT-GIT in the fourth hospital (Hospital D), which is in the capital city

of Dhaka, as QFT-GIT requires laboratory capabilities that are not widely available outside

Dhaka. In HCWs who received both tests, the TST was administered immediately after the

blood collection for QFT-GIT. To generate an accurate baseline for HCWs, we performed a

two-step TST using 0.1ml (2TU) of RT23 purified protein derivative (PPD) under World

Health Organization (WHO) recommendations for TST surveys in countries with a high TB

burden [28]. The rationale for using two-step TST is that if a person is tested with a single dose

of PPD many years after initial infection, the skin test reaction may be negative [29]. A second

dose of PPD stimulates a person’s ability to react to tuberculin antigen [29]. Trained medical
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technicians placed TSTs using the Mantoux method and measured induration size using a cali-

per at 48–72 hours after PPD placement [30]. For a person whose induration size

was< 10mm in the first-TST, we requested that person for a second test after 14 days from the

first test [31]. We took their reading following the same procedure used in the first step. If the

size was > 10 mm, the person was considered infected [29, 31]. Five HCWs with a history of a

prior allergic reaction to PPD were not given a TST at baseline and were excluded from the

analyses. For the QFT-GIT test, trained medical technicians collected 3 mL of blood by veni-

puncture [32]. The TB laboratory team at the International Centre for Diarrhoeal Disease

Research, Bangladesh (icddr,b) performed the QFT-GIT assay following the manufacturer’s

instructions [33, 34]. To determine TBI incidence, we repeated TST testing an average of 24

months (standard deviation 6.1 months) after enrollment for participants with negative base-

line TST, and repeated QFT-GIT testing an average of 21 months (standard deviation 3.7

months) after enrollment for participants who had negative baseline QFT-GIT. The field team

visited each of the hospital wards several times with the list of HCWs negative at baseline and

approached those present to participate in the incidence study.

Data entry and analysis

Two research team members separately entered collected data into Microsoft Excel and

resolved discrepant results by checking the survey questionnaire hardcopies. We defined a

QFT-GIT test as positive if the interferon-gamma (IFN-γ) concentration of TB antigen minus

Nil was�0.35 IU/mL and negative if <0.35 IU/mL, according to the manufacturer’s instruc-

tions. Since the national HIV prevalence in Bangladesh is<1%, we assumed all study partici-

pants were HIV-negative and defined a positive TST as induration�10 mm in diameter,

consistent with ATS and CDC guidelines for persons working in hospitals and other health

care facilities who are not HIV-infected or otherwise immunocompromised [35, 36]. At base-

line, a QFT-GIT conversion was defined as an initial IFN-γ level <0.35 IU/mL and a follow-up

IFN-γ level�0.35 IU/ml, without considering the magnitude of the change of the IFN-γ
response [37]. QFT enzyme-linked immunosorbent assay (ELISA) cannot identify absolute

values of IFN-γ levels >10 IU/ml, and therefore results >10 IU/ml were recorded as 10 IU/ml.

A TST conversion was defined as a�10 mm increase in induration diameter on follow-up

testing compared with the baseline TST [37]. Participants whose TST results were not read

between 48–72 hours after TST placement were excluded from the analyses.

We dichotomized TST and QFT-GIT results as positive or negative. Descriptive statistics

were used to summarize the distribution of socio-demographic and clinical features and vari-

ables measuring exposure to TB. Odds ratios (ORs) with 95% confidence intervals (CIs) were

estimated to determine factors associated with prevalent (one-step and two-step) and incident

TST and QFT-GIT positive results in bivariate analyses. Factors with a biologically plausible

relationship with TBI (i.e., BCG), confounders identified in prior studies (i.e., age), and biolog-

ically plausible associated factors with p<0.20 in the bivariate models with TST positivity or

QFT-GIT positivity were included in the multivariable generalized linear models [38]. When

the adjusted estimate differed from the unadjusted estimate by approximately 10% or more,

we considered that factor as a potential confounder in the final models [39]. We assessed the

variance inflation factor (VIF) that measures how the variance of an independent variable is

influenced or inflated due to its correlation or interaction with other independent variables in

the models, and risk factors with VIF of more than 5 were examined for collinearity and

dropped from the models [40]. Risk of TBI is multifactorial, and as a single model is no longer

recommended to measure the effects of multiple exposures [41, 42], we constructed new mod-

els for each set of variables to enhance the validity of our estimates of effect. We used the
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Kaplan-Meier method to estimate cumulative TST conversion rate and cumulative QFT-GIT

conversion rate with the outcome variable of time (in months) between a baseline negative test

result and a follow-up positive result.

For HCWs who received both TST and QFT-GIT at baseline, we examined the agreement

between QFT-GIT and TST results using Cohen’s kappa coefficient. We considered k� 0 as

no agreement, k between 0.01–0.20 as slight agreement, k between as 0.21–0.40 as fair agree-

ment, k between 0.41–0.60 as moderate agreement, and k between 0.61–0.80 as substantial

agreement, and k>0.80 as almost perfect agreement [43].

Ethics statement

The study protocol was reviewed and approved by icddr,b’s institutional review board. The U.

S. CDC reviewed the protocol and relied on icddr,b’s institutional review board approval.

Results

A total of 1,016 HCWs were listed on rosters of the four participating hospitals, and 758 (75%)

were present when the study team visited the hospitals. Of the 758 HCWs present, 732 (97%)

consented to and enrolled in the study; two-thirds (498/732) were from Hospital D, the largest

chest disease facility in Bangladesh. At Hospital D, 497 (90%) HCWs received a one-step TST,

498 (100%) received QFT-GIT, and 252 (51%) received two-step TST (Fig 1).

The median age of all HCWs at the four hospitals was 42 years (interquartile range [IQR]

14 years); the median age of HCWs who received one-step TST was 43 years (IQR 14 years),

the median age of HCWs who received QFT-GIT was 41 years (IQR 14 years) and the median

age of the HCWs who received both tests was 41 years (IQR 14 years). About half of the partic-

ipants were female, and approximately two-third had less than a college education (Table 1).

Overall, participating HCWs spent a median of two hours (IQR: 4 hours) per day in PTB

wards. No HCWs reported experiencing symptoms of active TB or receipt of TB treatment

during the entire study period. However, 3% (23/732) of the HCWs reported being diagnosed

with active TB prior to the study period.

Prevalence of TST positivity

Of 731 HCWs who received a one-step TST at baseline, 296 (40%) had a positive result, rang-

ing from 23% to 46% per site. The median induration of the one-step TST was 8mm (IQR 12).

Of the 435 HCWs who were negative at one-step TST, 392 (90%) received two-step TST of

whom 21% (81/392) were positive (S1 Table in S1 File). The median induration of the HCWs

who were tested positive at the one-step TST was 13mm (IQR10mm-15mm) and those who

were tested negative at the first-TST was 3mm (IQR 0mm-7mm). The median induration of

the participants who became TST positive in the second-TST was 12mm (IQR11-13). The

one-step TST prevalence among HCWs working in Hospital C was 46% (31/68), significantly

higher (adjusted odds ratio [aOR] = 3.58, 95% CI: 1.61–7.96) than the other hospitals

(Table 2).

In bivariate analyses, study sites, years worked on pulmonary TB wards, longer duration of

stay in pulmonary TB wards per day, and longer duration of service as a HCW were signifi-

cantly associated with two-step TST positivity at baseline. Age of starting work, sex, previous

history of BCG vaccination, and ever having had a household member with PTB were not

associated with TST positivity (Table 2). In the multivariable models, the HCWs at hospital C

(aOR = 3.58, 95% CI: 1.61–7.96), hospital A (aOR = 3.08, 95% CI: 1.37–6.90), and hospital D

(aOR = 3.23, 95% CI: 1.70–6.12) had higher odds of positive TST results compared with

HCWs at Hospital B (Table 2). Also, HCWs with a history of working 11–20 years and >20
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years on pulmonary TB patients wards had significantly higher odds of TST positivity

(aOR = 2.01, 95% CI: 1.39–2.93 and aOR = 2.09, 95% CI: 1.26–3.45) compared with HCWs

working less than 10 years on the same wards (Table 2). Moreover, HCWs spending more

than two hours a day in pulmonary TB wards had significantly higher odds of TST positivity

(aOR = 1.91, 95% CI: 1.37–2.68). Duration of service as a HCW 11–20 years (aOR 2.09, 95%

CI: 1.48–2.97) and>20 years (aOR 2.05, 95% CI: 1.28–3.28) were also associated with higher

odds of TST positivity compared with those�10 years(Table 2).

TST conversion rate

Among the 311 HCWs who had a negative TST at baseline (negative by one-step and two-step

TST), 202 (65%) received a follow-up TST (Fig 1), and 109 (35%) were lost to follow up

because they retired from work, were transferred to other facilities, or refused to participate in

the study. S2 Table in S1 File showed that HCWS who were lost to follow up for TST statisti-

cally significantly varied by location of hospitals, education, and age of starting work. Twenty

(10%) HCWs had TST conversions for a cumulative TST conversion rate of 4.8 per 100 per-

son-years (95% CI: 3.08–7.42) (Table 3). Female HCWs spent on average of 1.42 hours (95%

CI: 1.12–1.73) more per day on a PTB ward compared with male HCWs in the unadjusted

Fig 1. Study flow chart.

https://doi.org/10.1371/journal.pone.0291484.g001

PLOS ONE Prevalence and incidence of latent tuberculosis infection among healthcare workers in Bangladesh

PLOS ONE | https://doi.org/10.1371/journal.pone.0291484 September 27, 2023 6 / 18

https://doi.org/10.1371/journal.pone.0291484.g001
https://doi.org/10.1371/journal.pone.0291484


model. In the multivariable model, only female sex was associated with higher odds of develop-

ing new TBI (aOR = 8.50; 95% CI: 1.46–49.48) after adjusting for age of starting work, history

of BCG vaccination, history of living with someone diagnosed with pulmonary TB, and profes-

sion (Table 3).

Prevalence of QFT-GIT positivity

Of 498 HCWs tested by QFT-GIT at baseline, 241 (48%) had a positive result. The highest

prevalence was among ancillary workers (59%) (Table 4). In bivariate analyses, occupational

group, level of education, years working in a PTB ward, years of service as a HCWs, and any

use of a facemask or N95 respirator during contacts with TB patients were significantly associ-

ated with QFT-GIT positivity at baseline (Table 4). In the multivariable model, a HCW with a

history of working >20 years in pulmonary TB patients ward had significantly higher odds of

Table 1. Baseline characteristics of healthcare workers at four chest diseases hospitals in Bangladesh, 2013.

Characteristic TST participants (N = 689) % (n) QFT-GIT participants (N = 498) % (n)

Hospitals

Hospital A 11 (78)

Hospital B 12 (80)

Hospital C 9 (63)

Hospital D 68 (467) 100 (498)

Sex

Male 44 (306) 47 (236)

Female 56 (382) 53 (262)

History of BCG vaccination

Yes 80 (548) 81(404)

No 18 (125) 17 (87)

Don’t know 2 (15) 1 (7)

Highest education completed

None to Primary 9 (64) 9 (44)

Secondary 22 (149) 23 (114)

Higher Secondary 43 (297) 37 (183)

Bachelor and above 26 (178) 32 (157)

Profession

Doctorsi and pharmacists 9 (65) 12 (58)

Nurse 42 (290) 36 (180)

Admin workers 18 (123) 21 (103)

Laboratory Staff 6 (39) 7 (35)

Ancillary workers 25 (171) 24 (122)

Age of starting work, yearsii

Median, IQR 24 (21–27) 24 (21–27)

<20 12 (85) 13 (67)

21–25 46 (314) 45 (222)

26–30 32 (217) 31 (154)

>30 10 (71) 11 (54)

Years worked in pulmonary TB wardiii

� 10 57 (323) 59 (245)

11–20 29 (168) 30 (126)

>20 14 (82) 11 (47)

https://doi.org/10.1371/journal.pone.0291484.t001

PLOS ONE Prevalence and incidence of latent tuberculosis infection among healthcare workers in Bangladesh

PLOS ONE | https://doi.org/10.1371/journal.pone.0291484 September 27, 2023 7 / 18

https://doi.org/10.1371/journal.pone.0291484.t001
https://doi.org/10.1371/journal.pone.0291484


Table 2. Factors associated with one-step TST positivity among HCWs in four chest diseases hospitals, Bangladesh, 2013 (N = 731).

TST positive % (n/N) TST negative % (n/N) OR (95% CI) aOR (95% CI)

Location of hospitali

Chittagong 46 (31/68) 54 (37/68) 2.82 (1.40–3.96) 3.58 (1.61–7.96)

Rajshahi 37 (31/83) 63 (52/83) 2.01 (1.02–3.96) 3.08 (1.37–6.90)

Dhaka 43 (215/497) 57 (282/497) 2.57 (1.49–4.42) 3.23 (1.70–6.12)

Khulna 23 (19/83) 77 (64/83) Reference Reference

Sex

Male 38 (125/329) 62 (204/329) 0.83 (0.61–1.11)

Female 43 (171/402) 57 (231/402) Reference

History of BCG vaccination

Yes 41 (242/585) 59 (343/585) 1.21 (0.81–1.78)

No 37 (48/130) 63 (82/130) Reference

Don’t know 38 (6/16) 62 (10/16) 1.03 (0.35–3.00)

Profession

Doctors including interns and residents and pharmacists* 32 (26/82) 60 (56/82) 0.89 (0.49–1.59)

Nurse 43 (129/299) 57 (170/299) 1.45 (0.95–2.22)

Admin Officer 34 (45/131) 66 (86/131) Reference

Laboratory Staff 40 (17/43) 60 (26/43) 1.25 (0.61–2.54)

Ancillary workers 45 (79/176) 55 (97/176) 1.56 (0.98–2.48)

Highest education completed

None to Primary 40 (27/67) 60 (40/67) 1.10 (0.63–1.94)

Secondary 41 (63/154) 59 (91/154) 1.13 (0.74–1.74)

Higher Secondary 42 (129/307) 58 (178/307) 1.19 (0.82–1.70)

Bachelor and above 38 (77/203) 62 (126/203) Reference

Years worked on pulmonary TB patient wardsii

�10 34 (117/347) 66 (230/347) Reference Reference

11–20 51 (89/175) 49 (86/175) 2.03 (1.40–2.95) 2.01 (1.39–2.93)

>20 51 (43/85) 49 (42/85) 2.01 (1.25–3.25) 2.09 (1.26–3.45)

Hours worked on pulmonary TB wards per day iii

�2 34 (94/273) 66 (179/273) Reference Reference

>2 50 (155/308) 50 (153/308) 1.93 (1.38–2.70) 1.91 (1.37–2.68)

Years of service as a healthcare workeriv

� 10 35 (139/399) 65 (260/399) Reference Reference

11–20 52 (108/207) 48 (99/207) 2.04 (1.45–2.87) 2.09 (1.48–2.97)

>20 49 (49/101) 51 (52/101) 1.76 (1.13–2.74) 2.05 (1.28–3.28)

Age of starting work, years

<20 44 (40/90) 56 (50/90) Reference

21–25 39 (128/327) 61 (199/327) 0.80 (0.50–1.29)

26–30 40 (96/238) 60 (142/238) 0.85 (0.52–1.38)

>30 43 (32/75) 57 (43/75) 0.93 (0.50–1.73)

Lived with someone diagnosed with pulmonary TB

Yes 41 (34/83) 59 (47/83) 1.03 (0.64–1.64)

No 40 (258/640) 60 (382/640) Reference

Don’t know 57 (4/7) 43 (3/7) 1.97 (0.44–8.89)

Ever used a face mask or N 95 respiratorV

Yes 45 (147/329) 55 (182/329) 1.37 (1.02–1.85) 1.68 (1.16–2.43)

(Continued)
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QFT-GIT positivity (aOR = 2.48, 95% CI: 1.25–4.90) compared with HCWs working�10

years. HCWs with 11–20 (aOR 1.60, 95% CI: 1.05–2.45) and >20 (aOR 3.13, 95% CI: 1.62–

6.04) years of service had significantly higher odds of QFT-GIT positivity compared to HCWs

with�10 years. Similarly, any use of a facemask or N95 respirator during contacts with TB

patients was associated with higher odds (aOR 2.01, 95% CI: 1.39–2.88) of QFT-GIT positivity

(Table 4). S1 Table in S1 File showed that none of the factors were statistically significantly

associated with two-step TST.

QFT-GIT conversion rate

Among the 257 HCWs who had negative QFT-GIT results at baseline, 199 (77%) had a follow-

up QFT-GIT test. And 58 (23%) were lost to follow up because they retired from work, were

transferred to other facilities, or refused to participate in the study. S2 Table in S1 File showed

that there was no statistically significant difference in HCWs’ characteristics who participated in

the follow-up QFT-GIT and who were lost to follow up. Fifteen (8%) had QFT-GIT conversions

for a cumulative QFT-GIT conversion rate of 4.2 per 100 person-years. No factors were signifi-

cantly associated with QFT-GIT conversion in the bivariate or the multivariable model (Table 5).

TST and QFT-GIT agreement

497 HCWs were tested with both TST and QFT-GIT. Using QFT-GIT as a gold standard, the

agreement between TST and QFT-GIT was poor (Cohen’s kappa 0.33, 95% CI 0.25–0.42)

when comparing baseline results. S3 Table in S1 File shows the results of the analysis of con-

cordance and discordance between the one-step TST and the QFT-GIT test. QFT-GIT only

positive results were significantly associated with the number of years working as HCWs after

controlling for sex, age of starting work, history of BCG vaccine, and history of having a house-

hold member with pulmonary TB. In contrast, TST-only positive results had no association

with the exposures in the model. Having both TST and QFT positive results were significantly

associated with years working as HCWs and any use of a facemask or N95 respirator during

contacts with TB patients after controlling for sex, age of starting work, history of BCG vac-

cine, and history of having a household member with pulmonary TB.

Discussion

During a longitudinal study over nearly two years, we identified a high baseline prevalence of

TBI, ranging from 40% (by one-step TST) to 48% (by QFT-GIT). These measures of

Table 2. (Continued)

TST positive % (n/N) TST negative % (n/N) OR (95% CI) aOR (95% CI)

No 37 (149/402) 63 (253/402) Reference

OR = Odds Ratio, CI = Confidence interval, aOR = Adjusted Odds Ratio
i Adjusted for the years of work in the pulmonary TB ward, starting age at work in years, history of BCG vaccine, ever lived with someone diagnosed with pulmonary

TB, and ever used a mask or respirator in the ward.
ii Adjusted for lived with someone diagnosed with pulmonary TB and age in years.

Adjusted for the history of BCG vaccine, lived with someone diagnosed with pulmonary TB, and starting age at work in years.
iii Adjusted for the history of BCG vaccine, lived with someone diagnosed with pulmonary TB and starting age at work in years.
iv Adjusted for the location of hospitals, starting age at work in years, history of BCG vaccine, and ever lived with someone diagnosed with pulmonary TB.
v Adjusted for the location of hospitals, starting age at work in years, history of BCG vaccine, ever lived with someone diagnosed with pulmonary TB and the years of

work in the pulmonary TB ward

https://doi.org/10.1371/journal.pone.0291484.t002
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Table 3. Factors associated with incident TST positivity among healthcare workers in four chest diseases hospitals, Bangladesh, 2013–2016.

TST positive % (n/N) TST negative % (n/N) OR (95% CI) aOR(95% CI)

Location of hospital

Chittagong 0 (0/15) 100 (15/15) undefined

Rajshahi 15 (5/33) 85 (28/33) 2.14 (0.47–9.74)

Dhaka 10 (12/115) 90 (103/115) 1.40 (0.37–5.24)

Khulna 8 (03/39) 92 (36/39) Reference

Sexi

Male 04 (3/85) 96 (82/85) Reference Reference

Female 15 (17/117) 85 (100/117) 4.65 (1.32–16.41) 8.50 (1.46–49.48)

History of BCG vaccination

Yes 09 (15/161) 91 (146/161) Reference

No 11 (4/36) 89 (32/36) 1.22 (0.38–3.90)

Don’t know 20 (1/5) 80 (4/5) 2.43 (0.26–23.20)

Profession

Doctorsincluding interns and residents and pharmacist 14 (2/14) 86 (12/14) 1.46 (0.24–9.00)

Nurse 15 (14/94) 85 (80/94) 1.53 (0.47–4.98)

Admin Officer 10 (4/39) 90 (35/39) Reference

Laboratory Staff 0.0 (0/11) 100 (11/11) Undefined

Ancillary workers 00 (0/44) 100 (44/44) Undefined

Highest education completed

None to Primary 06 (1/16) 94 (15/16) 0.84 (0.08–8.77)

Secondary 07 (3/42) 93 (39/42) 0.97 (0.18–5.13)

Higher Secondary 13 (13/103) 87 (90/103) 1.83 (0.49–6.79)

Bachelor and above 07 (3/41) 93 (38/41) Reference

Year worked on pulmonary TB wards

0–10 8 (8/105) 92 (97/105) Reference

11–20 16 (6/38) 84 (32/38) 2.27 (0.73–7.05)

>20 10 (2/20) 90 (18/20) 1.35 (0.26–6.87)

Hours worked on pulmonary TB patients wards per day

�2 10 (9/87) 90 (78/87) Reference

>2 9 (7/76) 91 (69/76) 0.88 (0.31–2.49)

Years of service as healthcare worker

� 10 9 (11/130) 91 (119/130) Reference

11–20 13 (6/45) 87 (39/45) 1.66 (0.58–4.80)

>20 11 (3/27) 89 (24/27) 1.35 (0.35–5.22)

Age of starting work in years vi

<20 19 (4/21) 81 (17/21) Reference

20–25 11 (12/105) 89 (93/105) 0.55 (0.16–1.90)

26–30 6 (4/63) 94 (59/63) 0.29 (0.07–1.27)

>30 0 (0/13 100 (13/13) ~

Lived with someone diagnosed with pulmonary TB

Yes 14 (3/22) 86 (19/22) 1.50 (0.40–5.58)

No 10 (17/178) 90 (161/178) Reference

Don’t know 0 (0/2) 100 (2/2) Undefined

Ever used a face mask or N95 respirator

Yes 7 (6/81) 93 (75/81) Reference

(Continued)
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prevalence were nearly double the prevalence estimated for general populations reported from

studies around the world [7]. The TST prevalence measured by QFT-GIT in this study popula-

tion was higher than the 42% previously reported among HCWs in public tertiary care general

hospitals in Bangladesh that admitted TB patients occasionally for a shorter time [44]. Con-

versely, this TBI prevalence was similar to QFT-GIT results from a pooled prevalence of TBI of

47% (95% CI 34–60%) estimated in a systematic review and meta-analysis in TB high burden

countries [45]. The factors associated with TBI prevalence suggest occupational exposures

were important, irrespective of which test was used, and the HCWs at the chest diseases hospi-

tals are at increased risk compared to general hospitals.

The incidence of TBI differed by mode of testing, ranging from 4.2 (by QFT-GIT) to 4.8 (by

TST) in all hospitals per 100 person-years. These rates were lower than those found in a study

among medical residents and nursing students in Pune city, India, where the annual rate of

infection was 28.7 (95% CI, 20.6–38.9) per 100 person-years using TST with a similar�10mm

induration cutoff and 17.4 (95% CI, 11.5–25.4) per 100 person-years by QFT-GIT [46]. In our

study, none of the incident cases detected by TST or QFT-GIT was among medical residents

or interns—in fact, the average number of years worked as a HCW was 16.96, much longer

than among medical residents or nursing students. The difference in incidence was expected

as the Pune study has a baseline TBI prevalence of 30% which is much lower than our baseline

prevalence of 48% (by QFT-GIT) among HCWs in our study which suggests a much larger

cohort that would be susceptible to TB infection among the cohort of trainee HCWs in India.

The high incidence rate of TBI in Bangladesh, despite the high background prevalence, sug-

gests continuing exposure of these seasoned HCWs to TB in these hospitals. In addition, Ban-

gladesh had an estimated national TB incidence rate of 221 per 100,000 population in 2018,

which is higher than the rate of Pune, India (185 per 100,000); as lapses in TB IPC are common

and TB patients spend considerable time in the hospital in Bangladesh, HCWs likely have a

similarly high risk of encountering TB in their occupational settings [2, 47].

Our study identified occupational factors statistically significantly associated with TBI

infection, and the findings are consistent with results reported in other studies [4, 48]. Preva-

lence of TBI detected using both TST and QFT-GIT were independently associated with

greater years of service as HCWs and greater years of service on pulmonary wards after con-

trolling for age of starting work, history of BCG, and a history of living with someone diag-

nosed with pulmonary TB. These results are supported by prior studies, which similarly

showed that the risk of TBI increases with increased length of service [49, 50]. More specifi-

cally, TBI prevalence by TST was higher among HCWs who spent more than two hours in pul-

monary TB wards per day as well as those who worked 11–20 and >20 years compared with

those working�10 years, further supporting the hypothesis that longer duration of exposure

to pulmonary TB patients increases TB infection risk [51]. The similar finding of increased

odds of TBI prevalence by QFT-GIT among HCWs working >20 years on pulmonary TB

patient wards is consistent with the findings from the TST results. We found that chest disease

hospitals have a high burden of TB patients, and these hospitals have been shown to lack basic

Table 3. (Continued)

TST positive % (n/N) TST negative % (n/N) OR (95% CI) aOR(95% CI)

No 12 (14/121) (107/121) 1.64 (0.60–4.45)

OR = Odds Ratio, CI = Confidence interval, aOR = Adjusted Odds Ratio
i Adjusted for history of BCG vaccine, profession, and age of starting to work in years.

https://doi.org/10.1371/journal.pone.0291484.t003

PLOS ONE Prevalence and incidence of latent tuberculosis infection among healthcare workers in Bangladesh

PLOS ONE | https://doi.org/10.1371/journal.pone.0291484 September 27, 2023 11 / 18

https://doi.org/10.1371/journal.pone.0291484.t003
https://doi.org/10.1371/journal.pone.0291484


Table 4. Factors associated with prevalent QFT-GIT positivity among healthcare workers in Hospital D, Bangladesh, 2013–2016.

QFT-GIT positive % (n/N) QFT-GIT Negative % (n/N) OR(95% CI) aOR (95% CI)

Sex

Male 46 (109/236) 54 (127/236) 0.85 (0.59–1.20)

Female 50 (132/262) 50 (132/262) Reference

History of BCG vaccination

Yes 47 (191/404) 53 (213/404) 0.73 (0.45–1.16)

No 55 (48/87) 45 (39/87) Reference

Don’t know 29 (2/7) 71 (5/7) 0.33 (0.06–1.77)

Professioni

Doctorincluding interns and residents and pharmacist 45 (26/58) 55(32/58) 1.01 (0.53–1.92) 0.85 (0.43–1.68)

Nurse 47 (84/180) 53 (96/180) 1.08 (0.67–1.76) 0.95 (0.56–1.61)

Admin Officer 45 (46/103) 55 (57/103) Reference Reference

Laboratory Staff 37 (13/35) 63 (22/35) 0.73 (0.33–1.61) 0.63 (0.28–1.44)

Ancillary workers 59 (72/122) 41 (50/122) 1.78 (1.05–3.03) 1.26 (0.71–2.24)

Highest education completedii

None to Primary 73 (32/44) 27 (12/42) 3.58 (1.72–7.47) 2.40 (0.90–6.38)

Secondary 51 (58/114) 49 (56/114) 1.39 (0.86–2.26) 1.11 (0.53–2.36)

Higher Secondary 46 (84/183) 54 (99/183) 1.14 (0.74–1.75) 0.11 (0.64–1.91)

Bachelor and above 43 (67/157) 57 (90/157) Reference Reference

Years worked on pulmonary TB patient wardsiii

�10 46 (113/245) 54 (132/245) Reference Reference

11–20 52 (65/126) 48 (61/126) 1.24 (0.81–1.91) 1.23 (0.79–1.91)

>20 66 (31/47) 34 (16/47) 2.26 (1.18–4.35) 2.48 (1.25–4.90)

Hours worked on pulmonary TB patients ward per day

�2 49 (68/139) 51 (71/139) Reference

>2 51 (131/257) 49 (126/257) 1.09 (0.72–1.64)

Years of service as healthcare workeriv

� 10 44 (118/271) 56 (153/271) Reference Reference

11–20 54 (81/151) 46 (70/151) 1.50 (1.01–2.24) 1.60 (1.05–2.45)

>20 69 (37/54) 31 (17/54) 2.82 (1.51–5.26) 3.13 (1.62–6.04)

Age of starting work in years v

�20 54 (36/67) 46 (31/67) Reference Reference

21–25 43 (95/222) 57 (127/222) 0.64 (0.37–1.11) 0.76 (0.39–1.47)

26–30 48 (74 /154) 52 (80 /15) 0.80 (0.45–1.42) 0.96 (0.49–1.90)

>30 65 (35/54) 35 (19/54) 1.59 (0.76–3.31) 1.74 (0.76–3.95)

Lived with someone diagnosed with pulmonary TB

Yes 53 (31/59) 47 (28/59) 1.21 (0.70–2.09)

No 48 (206/431) 52 (225/431) Reference

Don’t know 43 (3/7) 57 (4/7) 0.82 (0.18–3.70)

Ever used a face mask or N 95 respiratorvi

Yes 58 (120/207) 42 (87/207) 1.94 (1.35–2.78) 2.01 (1.39–2.88)

No 42 (121/291) 58 (170/291) Reference Reference

OR = Odds Ratio, CI = Confidence interval, aOR = Adjusted Odds Ratio
i Adjusted for history of BCG vaccine, age of starting work in years, lived with someone diagnosed with pulmonary TB, and ever used a face mask or N95 respirators.
ii Adjusted for lived with someone diagnosed with pulmonary TB, profession, age of starting work in years and ever used a face mask or N95 respirators.
iii Adjusted for history of BCG vaccine, age of starting work in years and lived with someone diagnosed with pulmonary TB.
iv Adjusted for history of BCG vaccine, age of starting work in years, profession, and lived with someone diagnosed with pulmonary TB.
v Adjusted for highest education completed, lived with someone diagnosed with pulmonary TB, profession, and ever used a face mask or N95 respirators.
viAdjusted for age of starting work in years, and lived with someone diagnosed with pulmonary TB.

https://doi.org/10.1371/journal.pone.0291484.t004
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Table 5. Factors associated with incident QFT-GIT positivity among healthcare workers by exposures in hospital D, Bangladesh, 2013–2016.

Characteristic QFT-GIT positive % (n/N) QFT-GIT negative % (n/N) OR (95% CI) aOR (95% CI)

Sex

Male 6 (6/94) 94 (88/94) Reference

Female 9 (9/105) 91 (96/105) 1.37 (0.47–4.02)

History of BCG vaccination

Yes 5 (9/165) 95 (156/165) Reference Reference*
No 17 (5/30) 83 (25/30) 3.47 (1.07–11.19) 3.01 (0.91–9.93)

Don’t know 25 (1/04) 75 (3/4) 5.78 (0.55–61.24) 5.95 (0.55–64.69)

Profession

Doctorincluding interns and residents and pharmacists 19 (3/16) 81 (13/16) 5.08 (0.76–33.71)

Nurse 8 (6/77) 92 (71/77) 1.86 (0.36–9.62)

Admin Officer 4 (2/46) 96(44/46) Reference

Laboratory Staff 6 (1/17) 94 (16/17) 1.36 (0.12–16.22)

Ancillary workers 7 (3/43) 93 (40/43) 1.65 (0.26–10.39)

Highest education completed

None to Primary 18 (2/11) 82 (09/11) 3.06 (0.49–19.20)

Secondary 7 (3/46) 93 (43/46) 0.96 (0.20–4.52)

Higher Secondary 7 (6/83) 93 (77/83) 1.07 (0.29–3.98)

Bachelor and above 7 (4/59) 93 (55/59) Reference

Year worked on pulmonary TB wards

0–10 7 (7/95) 93 (88/95) Reference

11–20 14 (7/51) 86 (44/51) 2.00 (0.66–6.06)

>20 0 (0/15) 100 (15/15) Undefined

Hours worked on pulmonary TB patients ward per day

�2 12 (6/51) 88 (45/51) Reference

>2 8 (8/106) 92 (98/106) 0.61 (0.20–1.89)

Years of service as healthcare workers

� 10 7 (8/117) 93 (109/117) Reference

11–20 9 (6/59) 90 (53/59) 1.54 (0.51–4.67)

>20 0 (0/16) 100 (16/16) Undefined

Age of starting work in years

�20 17 (04/24) 83 (20/24) Reference

21–25 7 (7/95) 93 (88/95) 0.40 (0.11–1.49)

26–30 5 (3/66) 95 (63/66) 0.24 (0.05–1.16)

>30 7 (1/14) 93 (13/14) 0.38 (0.04–3.84)

Lived with someone diagnosed with pulmonary TB

Yes 5 (1/21) 95 (20/21) 0.58 (0.07–4.61)

No 8 (14/175) 92 (161/175) Reference

Don’t know 0 (0/3) 100 (3/3) Undefined

Ever used a face mask or N 95 respirator

Yes 7 (5/68) 93 (63/68) 0.96 (0.31–2.93)

No 8 (10/131) 92 (121/131) Reference

OR = Odds Ratio, CI = Confidence interval;

*Adjusted for age of starting work in years, and lived with someone diagnosed with pulmonary TB.

https://doi.org/10.1371/journal.pone.0291484.t005
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TB IPC measures, including TB infection control committees, isolation rooms, regular sup-

plies of N95 respirators, and routine training for HCWs on TB infection control [12, 52].

Predictably, the prevalence of TBI measured by TST and QFT-GIT was not statistically sig-

nificantly associated with age of starting work further supporting occupational TB exposures.

The one community TB exposure among HCWs that we did measure in this study, history of

household contact with a person with TB disease, was also not associated with an increased

prevalence of TBI, possibly owing to the small number of HCWs who reported this exposure.

Furthermore, additional healthcare-related occupational exposures were not captured in our

data. Public sector HCWs often work in private practice settings and clinics, and the time

spent in these other jobs are likely to be substantial [53]. We do not know the IPC practices in

private clinics; studies exploring private practices and clinics’ practices might generate a more

complete picture of HCWs’ exposures in all workplaces.

While the number of PTB patients under treatment differs by the hospital, the availability of

effective tuberculosis IPC measures can reduce transmission and is likely an important contrib-

utor to the difference seen in TBI prevalence identified by TST in hospitals. In an earlier evalua-

tion of TB IPC healthcare measures in the participating chest disease hospitals, implementation

gaps, including triaging of presumptive TB patients and use of masks by TB patients, varied by

hospital [54]. The variations found in TBI prevalence by study sites were consistent with the

variation found in IPC practices in those hospitals in a previous study and consistent with the

findings from a study conducted in high TB burden countries [52, 55]. A national evaluation of

the implementation of TB IPC measures in hospitals and other healthcare facilities could iden-

tify common gaps that could be addressed to decrease nosocomial TB transmission.

Our study identified an association between increased prevalence of TBI (by both TST and

QFT-GIT) and the use of masks or N95 respirators. The use of masks and N95 respirators in

this study might be a marker for a HCW working in an area with greater risk for TB exposure,

taking greater risks while wearing only a mask, or wearing N95 respirators improperly, as masks

and irregular or improper use of respirators provide no actual protection against TB [44]. Nazn-

een et al. (2021) found a limited supply of N95 respirators in the hospitals, and the use of N95

respirators varied by category of profession, which might have resulted in irregular use of respi-

rators among HCWs [12]. In chest disease hospitals in Bangladesh, HCWs spend six to eight

hours a day on inpatient wards with limited or no respiratory protection [56] while providing

care to TB patients, cleaning rooms of TB patients, and accompanying TB patients to radiologi-

cal studies and DOTS facilities [56, 57]. Similar findings have also been reported in a study in

Brazil [58], where authors found that irregular use of N95 respirators did not provide protec-

tion, but rather increased the risk of QFT-GIT positivity by more than two and a half times.

Females had a higher TBI incidence even after controlling for profession, history of BCG

and living with someone who had TB. A similar difference, albeit nonsignificant, was also

observed in TBI incidence detected using QFT-GIT. This finding is consistent with a study

conducted among HCWs in public tertiary-care general hospitals in Bangladesh, where

females were 1.08 times more likely to be TST positive when compared with males [44]. Our

findings are also similar to those reported from a study conducted among HCWs in South

Africa where females had higher rates of new TB infections—30 per 100 person-years by TST

and 37 per 100 person-years by QFT-GIT, and for males, 5 per 100 person-years by TST and

12 per 100 person-years by QFT-GIT [59]. While the reasons for the elevated incidence among

females are unclear, the results suggest higher exposures among females in inpatient wards in

both general and chest disease hospitals in Bangladesh.

The discordance identified between TST and QFT-GIT might be attributable to several fac-

tors, including the effect of age on reactivity to TST, BCG vaccination status, and exposure to

NTM, which are prevalent in Bangladesh [13, 60]. We found a lower prevalence of TST
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positivity among HCWs who started working at>30 years of age compared to other ages,

while QFT-GIT positivity increased consistently with increasing age; this pattern is similar to

results reported by other studies, where the decreased reaction to TST was attributed to the

decreased ability of elderly skin to react [13, 61]. The findings in our study support recent find-

ings that suggest that QFT-GIT is more useful in detecting TBI among elderly populations

than TST [62]. We could not systematically exclude all TB exposures in the community. How-

ever, years working as a HCW in a chest disease hospital, years working on pulmonary TB

patient wards, and hours working on PTB patient wards per day remained significantly associ-

ated with TBI after controlling for non-workplace factors (history of BCG vaccine, and living

with someone who had TB). A second limitation was participation attrition; 35% of HCWs

were lost to follow up for the repeat TST and 23% for the repeat QFT-GIT due to job transfer,

illness, retirement from work, and unwillingness to participate. These participants lost to fol-

low-up could have developed a new infection, and therefore, our study could have inaccurately

estimated the true incidence of TST and QFT-GIT positivity. In addition, owing to the loss of

follow-up, the incidence analysis was underpowered to detect true differences between groups,

particularly by professional category. Finally, we did not obtain chest radiographs on HCWs

positive with TST or QFT-GIT. We only relied on TB symptoms screening and might have

missed cases with active TB.

This study estimated the prevalence of, the incidence of, and factors associated with TBI

among HCWs in chest disease hospitals in Bangladesh for the first time. The data can be used

as a baseline for future interventions. Healthcare workers with TBI represent a substantial reser-

voir for future cases of TB disease, and therefore the NTP might consider providing TBI pre-

ventive treatment. As the study hospitals admit and treat MDR-TB patients regularly, NTP

should consider this when deciding whether to offer HCWs preventive treatment and which

regimen to use. In addition, there is an urgent need to establish effective TB IPC programs in

healthcare facilities to reduce nosocomial TB transmission and protect HCWs and other ward

occupants. An assessment of the implementation of Bangladesh’s national TB IPC guidelines to

identify modifiable administrative and engineering measures, such as improving facility layout

and patient flows for preventing airborne pathogen transmission and reducing barriers to per-

sonal protective equipment use, can help protect HCWs and prevent TB transmission in chest

disease hospitals and other healthcare facilities in Bangladesh. We also do not have rigorous

estimates of the prevalence and incidence of TBI among the general population in Bangladesh.

Future surveys that target estimating TBI prevalence and incidence among the general popula-

tion would help estimate the true contribution of occupational exposures to TBI among HCWs.
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