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Abstract 

____________________________________________________________________________________________________ 
 
Background and aims: Tuberculosis (TB) is a critical problem of public health. 
Diagnosis and screening of latent Mycobacterium tuberculosis infections (LTBI) 
are essential to control their spread. The goal of the study was to clarify the 
prevalence and risk factors for LTBI using IGRA among healthcare works (HCWs) 
in Sana’a city, Yemen.  
Methods: The cross-sectional study was performed in three chosen tertiary 
hospitals in Sana'a city. Healthcare workers who participated in this survey were 

asked to complete a questionnaire and donate 5 ml of blood to perform the IGRA. 
A total of 180 healthcare workers were involved in this study; aged 20-60 years, 
45.6% males and 54.4% females. Blood samples were collected and then tested by 
Interferon-gamma (IFN-γ)release assays that measure the presence of specific M. 
tuberculosis reactive T-cells sensitized by a previous infection with M. tuberculosis 
using the Quanti FERON-TB Gold In Tube assay (QFT-GIT). The data were 
evaluated for the positive association of interferon-gamma.  
Results: The overall positivity rate IFN-γ of our healthcare workers was 20%, and 

for females it was 28.6%, with an associated odds ratio equal to 3.7, CI=1.5-8.7, 
p=0.001, while for males it was only 9.7%. Positive rates IFN-γ increased with 
increasing age, as a high IFN-γ positive rate occurred in the 50-60-year age group 
was 50%, with OR=5.5, CI=2.2-13.6, p<0.001. There was a significant association 
between IFN-γ positive latent tuberculosis and unimmunized childhood BCG 
(OR=2.2, CI=1.03-4.7, p=0.03), diabetics (OR=4.2, CI=1.5-12, p=0.003), smoking 
(OR=2.7, CI=1.2-6.1, p=0.009) and contacting cases with active TB (OR=4.1, 
CI=1.4-12.2, p=0.007). 

Conclusion: It was found that the rate of LTBI among HCWs is high in Sana'a, 
central Yemen. Factors at both the institutional and individual level can influence 
the prevalence of LTBI among HCWs. Since contact with active TB patients has 
been identified as a risk factor for LTBI, more effective TB infection control 
measures are necessary in health care facilities and congregate settings and to 
create awareness about TB risk factors in hospitals and as an occupational hazard. 
Keywords: Health care workers (HCWs), Interferon (IFN)-γ release assays 
(IGRAs), Latent TB, Tuberculosis (TB), Sana’a, Yemen.  

 

 

INTRODUCTION 
 

Yemen is one of the developing countries where 

infectious microorganisms are the main causes of 

human suffering including tuberculosis, limited 

research has been conducted in investigating infectious 
diseases such as viral hepatitis1-7, parasitic infections8,9, 

leptospirosis10, trachoma11, tuberculosis12, fungal 

infections13. Tuberculosis is one of the serious public 

health problems in Yemen12, as tuberculosis is one of 
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the main causes of death, although it is a curable 

infectious disease, as well as a major cause of 

morbidity in developing countries such as Yemen14. 

Approximately 9 million new cases were expected 

worldwide in 2021, but only half were reported15. 
Detecting and monitoring latent TB infection is crucial 

to controlling its spread. TST and drug treatment to 

prevent LTBI from progressing to overt disease are 

vital strategies for the elimination of tuberculosis in 

low-incidence countries and especially among high-

risk groups such as HCWs16. 

Improving diagnostic methods for LTBI is an 

important step towards the goal of tuberculosis 

eradication, as stipulated in the WHO Tuberculosis 

Control Strategy16 and the Ministry of Health and 

Population Action Plan for Tuberculosis Control in 

Yemen. As part of reaching this goal, individuals with 
tuberculosis should be identified and prophylactic 

treatment offered to halt the progression to active 

tuberculosis and prevent further transmission of 

Mycobacterium tuberculosis. Thus, there is a need to 

develop more accurate methods for detecting LTBI, 

and to provide evidence-based guidance on the use of 

these methods before they can be adopted by national 

TB programmes. In Yemen, the determination of LTBI 

is based on the TST. This diagnostic test has been 

comprehensively evaluated for its potential and the 

limitations of its use in preventive strategies to 
eliminate tuberculosis. However, the TST does not 

distinguish between possible infection with 

tuberculosis and prior vaccination with Bacillus 

Calmette-Guerin (BCG), or possible infection with 

Mycobacterium non-tuberculosis (NTM) 17. IFN-γ 

release assays (IGRAs) are in vitro immune tests that 

have been introduced in ten years ago as an alternative 

to the TST for the diagnosis of LTBI. IGRAs are 

established on the recognition of a T-cell immune 

response towards M. tuberculosis complex specific 

antigens (early secretary antigenic target (ESAT)-6, 

culture filtrate protein (CFP)-10 and/or TB7.7) 17.  The 
adoption and implementation of IGRAs in Yemen's 

national tuberculosis programs must be evidence-

based. To date, many countries have adopted IGRAs 

for the diagnosis of LTBI within their tuberculosis 

screening programmes, and guiding documents are 

available on their use17. Clinical guidance for the 

diagnosis of LTBI is particularly vital for immune-

compromised individual’s care, eg patients experience 

and undertaking tumor necrosis factor (TNF) therapies, 

who have an increased risk of developing active 

tuberculosis. Numerous studies and subsequent 
systematic reviews and meta-analyses have been 

performed to assess the accuracy of IGRA in 

diagnosing LTBI17. The purpose of the study was to 

determine the prevalence and risk factors for LTBI 

using IGRA among HCWs in Sana’a city, Yemen. In 

addition, this study provides important information 

about the use of IGRAs to support the development of 

evidence-based guidelines for tuberculosis screening 

programmes.  

 

 
 

MATERIALS AND METHODS  

 

Study tools: A questionnaire 
All HCWs who participated in this survey were asked 

to finish the questionnaire. The questionnaire consisted 
of things connected to age, sex, occupation, length of 

work, current place of work, history of BCG 

vaccination, history of active tuberculosis, and medical 

history, containing smoking, diabetes, autoimmune 

diseases, and malignancies. Additional information 

acquired included employment history in the 

tuberculosis department classified as the departments 

in which HCWs with a high potential for contact with 

respiratory tuberculosis patients work: including 

tuberculosis management in medical institutions; 

hospital ward or outpatient pulmonology unit; hospital 

ward or outpatient infectious disease unit; 
Bronchoscopy room, laboratory M. tuberculosis; 

pulmonary Function Test Room, Intensive Care Unit; 

Emergency department; Pulmonary clinic and chest x-

ray room. Furthermore, the participating subjects given 

a history of their contact with active tuberculosis, both 

in and out of the hospital. 

Sample size: The sample size was calculated using Epi 

info version 7 and based on the following assumption: 

The total number of HCWS in Sana’a city tertiary 

hospitals (Population size) is 6335. The percentage of 

LTBI among HCWs is about 14%17, the accepted 
margin of error=5%, the design effect=1, and the 

confidence level=95%, the calculated sample size is 

180. 

Collection, transport, and testing of specimens: 

Blood specimens were obtained and directly stored in a 

cooler box. The samples were transported to the 

laboratory on the same day, and on arrival at the 

laboratory, the specimens centrifuged and the serum 

was divided into three aliquots and stored at −20°C. 

One aliquot was tested by IFN-γ release assays  which 

determine the presence of specific M. tuberculosis 

reactive T-cells sensitized by previous infection with 
M. tuberculosis using  the Quanti FERON-TB Gold In-

Tube assay (QFT-GIT) (Cellestis Ltd., Australia).  

DRG IFN-γ ELISA: The DRG IFN-γ ELISA is a solid 

phase enzyme amplified sensitivity immunoassay 

performed on micro-titer plate, the assay uses 

monoclonal antibodies (MAbs) directed against distinct 

epitopes of IFN-γ. Standards and samples react with 

the capture monoclonal antibody (MAb 1) coated on 

micro-titer well and with a monoclonal antibody (MAb 

2) labelled with horseradish peroxides (HRP). After an 

incubation period allowing the formation of a 
sandwich-coated MAb1-human IFN-γ MAb2-HRP, the 

micro-titer plate is washed to remove unbound enzyme 

labeled antibody. Bound enzyme-labelled antibody is 

measured through a chromogenic reaction.  

Chromogenic solution is added and incubated. The 

reaction is stopped with the addition of stop solution 

and the micro-titer plate is then read at the appropriate 

wavelength, the amount of substrate turnover is 

determined calorimetrically by measuring the 

absorbance, which is proportional to the IFN-γ 

concentration. 
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Statistical Analysis: To correlate possible risk factors 

for latent TB, the data were inspected in a case-control 

study arrangement. For HCWs with confirmation of 

latent TB were matched up with those who were latent 

TB negative. The chi-square was used to see the 
association Odds ratios (OR) and their 95% confidence 

intervals (CI). Values of OR, CI, and χ2 were 

determined using 2x2 tables to identify possible odds 

ratio on the occurrence of latent TB and their 

significance. The result at p value of 0.05 was 

considered statistically significant. 

Ethical approval: The ethical approval for this study 

was No. 782 dated March, 2022 and was taken from 

the Medical Ethics and Research Committee of Sana’a 

University, Faculty of Medicine and Health Sciences, 

and all procedures were in accordance with the ethical 

guidelines of the review committee. We approached all 
participants for their consent, and prior to enrollment 

information sheets in Arabic were provided. We 

required that all participants provide written informed 

consent before the information was collected.  

 

RESULTS 

 

The study included 180 HCWs, males were 82 

(45.6%), and females were 98 (54.4%) (Table 1). The 

HCWs included in the latent tuberculosis study were 

broken down by occupation and were nurses (39%), 
physicians (34%), technicians (16.7%) and 

administrators (10%) (Figure 1). 

 

Table 1: Gender and age distribution of health care 

workers included in studies of latent tuberculosis. 
Age 

groups 

Years 

Male Female Total 

No  

(Rate %) 

No 

(Rate %) 

No 

(Rate %) 

20-29  24 (29.2) 28 (28.6) 52 (28.9) 
30-39  22 (26.8) 34 (34.7) 56 (31.1) 
40-49  22 (26.8) 26 (26.5) 48 (26.7) 
50-60  14 (17.1) 10 (10.2) 24 (13.3) 
Total 82 (45.6) 98 (54.4) 180 (100) 

 

The total IFN-γ positive for our healthcare workers was 

20%, and for females it was 28.6%, with an associated 

odds ratio equal to 3.7, CI=1.5-8.7, p=0.001, while for 

males it was only 9.7%. Positive IFN-γ rates increased 

with age, with a significant increase in IFN-γ positive 

rates occurring in the 50–60-year age group, where 

OR=5.5, CI=2.2–13.6, p<0.001(Table 2). There was no 

significant association between positive IFN-γ 

indicative of latent tuberculosis with any specific 

occupations of health workers in the current study 
(Table 3). 

 
Figure 1: The distribution of health care workers 

included in study of latent tuberculosis according to 

specific occupations. 

 

There was no significant association between positive 

IFN-γ indicative of latent tuberculosis with duration of 

works for the HCWs in the current study (Table 4). 

There was a significant association between IFN-γ 

positive latent tuberculosis and unimmunized 

childhood BCG (OR=2.2, CI=1.03-4.7, p=0.03), 

diabetics (OR=4.2, CI=1.5-12, p=0.003), smoking 
(OR=2.7, CI=1.2-6.1, p=0.009) and contacting cases 

with active TB (OR=4.1, CI=1.4-12.2, p=0.007) (Table 

4). 

 

DISCUSSION 

 

This is one of the first studies to compare the 

performance of the QFT while examining Yemeni 

HCWs. TB is known to be a biological health hazard 

for HCWs, and continues a very significant 

occupational hazard for HCWs in middle-and low-
income countries and workers in various institutions in 

high-income countries. Risks appear particularly high 

when there is increased exposure such as working in 

infectious disease hospitals, emergency rooms and 

laboratory settings, combined with inadequate infection 

control measures16-18. 

 

Table 2: Association of positive interferon gamma indicative of latent tuberculosis with age and sex of health 

workers. 
Characters Positive gamma 

interferon 

OR CI X2 P 

NO Rate (%) 

Sex 
Male n=82 8 9.7 0.27 0.1-0.6 9.8 0.001 
Female=98 28 28.6 3.7 1.5-8.7 9.8 0.001 

Age group (Years) 
20-29  n=52 2 3.8 0.11 0.025-0.47 11.9 0.0005 
30-39  n=56 10 17.8 0.8 0.36-1.8 0.2 0.62 
40-49  n=48 12 25 1.5 0.68-3.3 1.02 0.31 
50-60  n=24 12 50 5.5 2.2-13.6 15.6 <0.001 

Total n=180 36 20     
OR= odds ratio, CI= confidence interval; X2= Chi-square; p<0.05 (significant) 
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Table 3: Association of positive interferon gamma indicative of latent tuberculosis with specific occupations of 

health workers. 
 Positive gamma 

interferon 

OR CI X2 p 

No (Rate %) 

Nurses, n =70 12 (17.1) 0.7 0.34-1.5 0.5 0.44 

Physician, n=61 8 (12.9) 0.49 0.2-1.1 2.7 0.09 
Technician, n= 30 10 (33.3) 2.4 1.0-5.6 4 0.04 
Administrators, n=18 6 (33.3) 2.2 0.7-6.3 2.2 0.13 
Total, n=180 36 (20)     

OR=odds ratio, CI= confidence interval; X2=Chi-square; p<0.05 (significant) 

 
De Vries et al.,19 confirmed the importance of vigilance 

in TB control and emphasized that a high suspicion of 

TB by the clinician, sufficient infection control 

measures by hospital authorities and in the early time 

identification of latent TB infection by occupational 

and public-health specialists are necessary to prevent 

tuberculosis among HCWs. Efforts to combat 

tuberculosis in Yemen are huge but still ineffective. An 

important step in tuberculosis control is the 

identification of LTBI especially among HCWs. In this 

study, the prevalence of IFN-γ positive latent 
tuberculosis among HCWs was found to be 20% with a 

higher prevalence (50%, OR=5.5, p<0.001) among age 

groups 50-60 years. The results of the current study 

were comparable with those of Nienhaus et al.,20 in 

Europe who found a positive 25% of IFN-γ suggestive 

of latent tuberculosis among HCWs and roughly 

similar to that done by Abbas et al.,21 in Saudi Arabia; 

the positive rate of IFN-γ among HCWs was 18%.  In 

addition, the positive rate of IFN-γ among HCWs in 

current study was lower than the rate reported by Chen 

et al., in southern China recently where the positive 

rate of IFN-γ among healthcare workers was 33.9%22, 
while low rates were reported by Hung et al., (14.5%)23 

and Shumba et al.,24 (6.3%) among health care workers 

in central of China and Thailand respectively. There 

was also a strong association between older ages with 

positive outcomes, with the highest prevalence of 

positive IFN-γ (45%) among the age group of 60 years 

or older. On the other hand, lower rates of positive 

IFN-γ indicative of latent tuberculosis have been 

reported in other studies. For example, among HCWs 

in a pulmonary hospital in Germany, Schablon et al.,25 

found a prevalence of LTBI of 7.2%. Also in current 

study, the lowest IFN-γ positive prevalence among 

younger age group (20–29 years) was similar to that in 

HCWs <30 years of age in Germany where the positive 

prevalence of IFN-γ decreased to 3.5% in younger 

HCWS25. The positive IFN-γ index of latent 

tuberculosis among HCWs in current study (20%) is 

higher than that of the general population in Yemen by 

TST (2-4%)26. This higher rate in this study among 
HCWs compared to the general population can be 

explained by the fact that HCWs are usually more 

susceptible to tuberculosis infection 27. 

In this study, female employees were associated with a 

higher prevalence of IFN-γ (28.6%) and an associated 

risk factor of 3.7 (CI=1-15, p=0.02), compared to a 

male prevalence of 9.7% (Table 2). This result is 

similar to that reported elsewhere where females 

showed a higher prevalence of latent TB than males28. 

This result can be explained by that female staffs are 

exposed to sources of infections more than male staff 

and sex susceptibility for which overall importance 
remains undefined28. There was a significant 

association between IFN-γ positive latent tuberculosis 

and contacting cases with active TB (OR=4.1, CI=1.4-

12.2, p=0.007) (Table 4). These findings can be 

explained by those people with frequent, prolonged, or 

close connection with people with TB patients as 

HCWs are at predominantly high risk of developing 

infected, with an estimated 22% infection rate29. 

 

Table 4:  Association of positive interferon gamma indicative of latent tuberculosis with BCG vaccination, work 

duration, diabetics, smoking, and TB contact  for health workers. 
 Gamma interferon 

Positive 

N=36 

OR CI X2 p 

No (Rate %) 

BCG vaccination  
Unvaccinated, N=50 15 (30) 2.2 1.03-4.7 4.3 0.03 
Vaccinated, n =130 21 (16.2) 0.4 0.2-0.9 4.3 0.03 

Duration of works  
≤1 year, n=15 1 (6.7) 0.26 0.03-2 1.8 0.17 
>1 to ≤5 years, n=51 7 (13.7) 0.6 0.2-1.4 1.2 0.27 
>5 to ≤10 years, n=69 16 (23.2) 1.3 0.6-2.8 0.7 0.33 
>10 years, n=45 12 (26.7) 1.7 0.7-3.7 1.6 0.19 

Diabetes mellitus (DM), n=17 8 (47.1) 4.2 1.5-12 8.5 0.003 

Smoking, n=41 14 (34.1) 2.7 1.2-6.1 6.6 0.009 
Qat chewing, n=65 11 (16.9) 0.7 0.3-1.6 0.6 0.43 

Contact active tuberculosis 
patients, n=15 

7 (46) 4.1 1.4-12.2 7.2 0.007 

Work in risk area, n=70 18 (25.7) 1.7 0.8-3.6 2.3 0.1 
OR=odds ratio, CI=confidence interval; X2=Chi-square; p<0.05 (significant) 
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An individual with active but untreated TB may infect 

10-15 (or more) other people per year30. Transmission 

should only occur from people with active TB; those 

with latent infection are not thought to be 

contagious. The possibility of transmission from one 
individual to another depends upon a number of 

factors, comprising the effectiveness of ventilation, the 

number of infectious droplets expelled by the carrier, 

the level of immunity in the uninfected person, the 

duration of exposure and others31.  Additionally high 

rate of IFN-γ might be indicated by the high infectivity 

and the virulence of the M. tuberculosis strain31. Also 

this high proportion of positive IFN-γ among HCWs 

staff may suggest that the HCWs may be unknowingly 

exposed to the risk of TB infection during working. 

After patients with active pulmonary TB sneeze, 

cough, spit, speak, or sing, they expel infec-
tious aerosol droplets 0.5 to 5.0 µm in diameter. A 

single sneeze can release up to 40,000 droplets32.  Each 

one of these droplets may transmit the disease, since 

the infectious dose of tuberculosis is very low (the 

inhalation of fewer than 10 bacteria may cause an 

infection). HCWs staff are most times in contact with 

these patients making them at high risk of contacting 

TB infection. Occupational transmission of tubercu-

losis through contact between HCWs has been 

confirmed in previous reports. Current study covered a 

wide range of hospital personnel, including physicians 
(doctors and consulates), nurses, technicians and 

administrators but there were no significant differences 

in latent tuberculosis with specific occupation in the 

current study and this differed from the results of 

previous studies where specific occupations showed 

higher rate of latent TB14,27,31.  

In the current study, there was a significant association 

between IFN-γ positive latent tuberculosis and diabetes 

mellitus (DM) (OR=4.7, CI=1.5-12, p=0.003) (Table 

4). Patients with DM are more likely to pass from 

latent TB to active TB. A diagnosis of diabetes also 

increases the risk of progression from primary infection 
to active TB. Case-control studies have shown that the 

OR of developing tuberculosis is 2.44 to 8.33 times 

higher in patients with DM compared with those 

without33. Poor DM control can lead to numerous 

complications, comprising raised susceptibility to 

infection. DM intense susceptibility to tuberculosis by 

numerous mechanisms, including hyperglycemia and 

cellular insulinopenia, which have roundabout 

consequences on macrophages and lymphocytes 

functions. Nevertheless, tuberculosis can in the short 

term cause damaged glucose tolerance, a risk factor for 
developing diabetes. Transient hyperglycemia can be 

caused by the inflammation that occurs during 

tuberculosis. Therefore, to establish a new diagnosis of 

diabetes, glucose levels should be measured again 4 

weeks after TB treatment, especially after the patient 

has developed a fever33,34. 

There was a significant association between IFN-γ 

positive latent TB and smoking (OR=2.7, CI=1.2- 6.1, 

p=0.009) (Table 4). It is estimated that 1.3 billion 

people globally consume tobacco and the majority of 

them live in developing countries, where TB rates are 
high. Therefore, the biggest influence of smoking in 

terms of issues of public health associated with 

infection is probably the increased risk of developing 

tuberculosis. A number of meta-analyses and 

systematic reviews studies have revealed an adverse 

connection between universal epidemics of TB and 
smoking. In addition, the exposure to tobacco smoke 

has been associated with TB infection, active TB, and 

TB-related mortality33,35. The responsibility that 

cigarette smoke performing on the pathogenesis of TB 

is connected to ciliary dysfunction, to a reduced 

immune response, and to defects in the immune 

response of macrophages, with or without a decrease in 

the CD4 count, increasing susceptibility to infection 

with M. tuberculosis.   Alveolar macrophages bind to 

the bacillus through complement receptors 1, 3 and 4. 

Activated lymphocytes release cytokines during the 

recruitment of macrophages, fibroblasts, and other 
lymphocytes. The most important cytokine implicated 

in granuloma formation is TNF-α, which is produced 

and released by macrophages directly after introduction 

to M. tuberculosis antigens. TNF-α activates 

macrophages and dendritic cells. In smokers, nicotine, 

acting through the α7 nicotinic receptor, reduces the 

production of TNF-α by macrophages, thus preventing 

its protective effect and favoring the development of 

tuberculosis33,35.  

In the current study childhood BCG vaccine were 

protective with significant OR=0.4, CI=0.2-0.9, p=0.03 
(Table 4). The most contentious feature of BCG is the 

changeable efficacy found in different clinical trials, 

which become visible to depending on geography. 

Trials performed in the UK have reliably revealed a 

protective development of 60 to 80%. Obtained results 

are also supported by a 1994 systematic review that 

found that the BCG vaccine reduces the risk of TB by 

about 50%36. Differences in efficacy depend on county, 

due to factors for instance genetic variations in the 

population, alters in the environment, susceptibility to 

other bacterial infections, and conditions in the 

laboratory where the vaccine is grown, including 
genetic distinctions between the strains being cultured 

and selection medium growth. Also, a meta-analysis 

and systematic review conducted in 2014 demonstrated 

that the BCG vaccine reduced infections by 19–27% 

and reduced progression to active TB by 71%37. 

Limitation of the study 

The prevalence of latent tuberculosis among health 

workers in Yemen has not been studied sufficiently and 

encourages follow-up treatment of latent tuberculosis 

cases in this group. The sample size of health workers 

was limited in this study, and a future study should be 
conducted to include all HCWs in Sana'a hospitals. 

 

CONCLUSIONS  

 

Evidence from this study among public hospital 

employees in Sana'a City, Yemen indicates that latent 

tuberculosis (IFN-positive) - among HCWs in Sana'a 

city public hospitals is even relatively common. The 

positive rate of females latent TB was higher than that 

of males and there is a higher risk of TB in older 

employees, unvaccinated childhood BCG, HCWs with 
diabetes, smoker-HCWs, and HCWs who have been in 
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contact with active TB cases. Since contact with active 

TB patients has been identified as a risk factor for 

LTBI, more effective TB infection control measures 

are necessary in health care facilities and congregate 

settings and to create awareness about TB risk factors 
in hospitals and as an occupational hazard. 
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