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INTRODUCTION 

According to the WHO estimates, the global incidence 

rate of TB in 2018 was 132 per 100,000 population. TB is 

a preventable and treatable disease that infected 10 

million people and caused the death of 1.2 million people 

in 2018.1 Even though the incidence and mortality of TB 

have been decreasing successively since 2000 by about 
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Background: The WHO has recommended the need for holistic approach towards TB, including addressing the 

underlying socio-economic determinants in conjunction with direct observed treatment short-course (DOTS). 

However, there is lack of epidemiological data in Eritrea regarding factors that are associated with TB and this study 
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and two age-and-sex-matched controls for each case were included. Bivariate and multivariable conditional logistic 

regression models were used to identify the main risk factors of TB.  
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be factors associated with TB. Moreover, results of multivariable analysis showed that, absence of BCG vaccination 

scar, family history of TB, past drinking habit, and history of hospital admission were found to be factors associated 

with TB among the study participants.  

Conclusions: This is the first study in the Central Region of Eritrea that assessed the determinant of tuberculosis. 

Absence of BCG vaccination scar, family history of TB, past alcohol consumption and history of hospital admission 

were found to be independent risk factors for TB.  
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1.6% per annum, still a significant challenge remains in 

the fight against the disease.1 Mycobacterium 

tuberculosis, the main causative agent of TB is a 

necessary, but not a sufficient cause of TB.2 Several 

factors affect the risk of exposure, progression to active 

tuberculosis, and then cure.3 

The main strategies employed by WHO to combat TB 

were ensuring equitable delivery of quality assured 

technologies for the appropriate diagnosis and treatment 

of TB. However, preventive efforts were less considered 

in this approach and their combination with curative 

efforts to address determinants of TB was given less 

emphasis.4 As TB is declining at a slow rate failing to 

meet the goals set by the End TB strategy (4-5% 

reduction in incidences per annum till 2020), there is a 

need for a renewed interest in finding new TB control 

strategies.1,5 There is increasing evidence that factors such 

as the social, economic, and political conditions in which 

people are born, grow, live and work are prominent in TB 

epidemiology.6-8 Structural determinants such as global 

socio-economic inequalities, high population mobility, 

and rapid urbanization influence key social determinants 

of TB such as malnutrition, food insecurity, poor 

environmental conditions, financial, cultural, and 

geographical factors. These social determinants can in 

turn affect the four stages of TB pathogenesis: exposure 

to infection, progression to disease, diagnosis and 

treatment, as well as adherence and success.6   

Currently, it is estimated that latent TB has infected about 

1.7 billion individuals worldwide with a 5-10% lifetime 

risk of progression to an active TB.9,10 Understanding 

how some people develop TB while others don’t, has the 

potential to refocus the search for new public health 

control strategies.5 Therefore, WHO has recommended a 

holistic approach for the control and elimination of TB, 

including addressing the underlying socio-economic 

determinants of TB, in conjunction with the DOTS 

strategy.3   

In recent years, Eritrea has recorded significant success in 

achieving the health-related millennium development 

goals and improving the life expectancy of its population. 

Nonetheless, there is a huge burden of tuberculosis that 

needs to be addressed. Both incidence rate and mortality 

rate of TB increased from 67/100,00 in 2017 to 

89/100,000 and from 12/100,000 in 2017 to 17/100,000 in 

2018, respectively.1,11 The notification rate, however, has 

been declining in the six regions of Eritrea at an average 

rate of 6.1% per year for the preceding 13 years according 

to the annual WHO report released in 2020.12 This 

indicates more cases that are not identified and shows the 

enormity of the problem.   

With the slow decline of TB incidence worldwide, there 

is a need to re-examine the characteristics of patients and 

a more reasonable understanding of the risk factors, to 

adjust and adapt TB control policies.5 To the best 

knowledge of the researchers, there has not been any 

research in Eritrea that assessed the determinants of TB. 

Therefore, the objective of this study is to assess the 

determinants of TB in the most densely populated region, 

the central region of Eritrea. 

METHODS 

The study was done in the Central Region of Eritrea - in a 

matched case-control design. The population is estimated 

to be around 600,000 and the majority of the population 

resides in the capital city, Asmara. The regional branch of 

the ministry of health is the main body tasked to oversee 

the population health and DOTS treatment centers are the 

main body that renders TB care, control, and prevention 

activities. All TB patients are taken care of by the public 

health system which covers their diagnosis and treatment 

free of charge.  This study was conducted in eight DOTS 

treatment centers in the Central Region of Eritrea 

between October and December 2019. One DOTS center 

was excluded from the study as there were no TB patients 

during the study period. All TB patients who were above 

15 years of age and on follow-up for TB treatment for at 

least 2 weeks in the DOTS centers were included in the 

study as cases. For each case, two sex and age (within 10 

years’ band) matched controls were included in the study. 

A wide age range was used as there were difficulties in 

finding suitable controls during the study period. Controls 

were drawn from the attendees of the health facilities for 

non-TB health problems. Controls with symptoms 

suggestive of TB were excluded from the study. 

A questionnaire was developed by conducting an 

intensive literature search to identify relevant variables. 

After discussion with key experts (epidemiologists, 

biostatisticians, and TB Control program personnel) and 

amendments to the questionnaire, it was piloted to 20 

study subjects (10 cases and 10 controls) in the Southern 

Region referral hospital to assess its relevance, accuracy 

in measuring the intended variables. Final amendments 

were made to the questionnaire by further discussion with 

key experts. The questionnaire included sections about 

demographic, living conditions, housing characteristics, 

behavioral risk factors, past and present medical history, 

and wealth quintile index. Data captured in the 

questionnaire was entered into cspro 7.2 (CSpro). Data 

was analyzed using STATA version 14 statistical 

software (Window stata inc.). In step one, descriptive 

statistics was used to describe demographics, living 

conditions, behavioral risk factors, and medical history. 

Pearson chi-square test was used to compare the 

relationship among factors and the respondent’s group 

(case and controls).  In step two, bivariate conditional 

logistic regression was used to assess the association of 

each covariate with the outcome variable of interest. 

Finally, a multivariable conditional logistic regression 

was used to determine the main risk factors for the 

occurrence of TB in the Central region of Eritrea. Odds 

ratios (ORs) and the associated 95% confidence intervals 

(CIs) were extracted from each fitted logistic regression 

model. Multi-collinearity was checked and variables with 
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VIF values greater than 5 were excluded from further 

analysis. A two-sided alpha level of 0.05 was used for all 

tests to determine statistical significance.  

To create the wealth quintile index, firstly variables with 

frequencies between 5% and 95% were dichotomized. 

Principal component analysis was conducted on 26 items 

with orthogonal rotation (Varimax). The Kaiser-Meyer-

Olkin measure verified the sampling adequacy for the 

analysis, KMO=0.724, and all KMO values for individual 

items were >0.5. Bartlett’s test of sphericity X2 

(351)=1895.4, <0.001, indicated the correlation between 

items was sufficiently large for PCA. An initial analysis 

was run to obtain eigenvalues for each component in the 

data. Ten components had eigenvalues over Kaiser 

criterion of 1 and in combination explained 65.15% of the 

variance. The wealth quantile index was created by using 

the first component to generate 5 groups. 

Matching during case-control studies is a common 

practice done for reasons like improving precision and 

controlling unquantifiable factors that may interfere with 

the results.13 This will improve the efficiency of the result 

as confounders in the study will be controlled. However, 

there are two misconceptions about the case-control 

study: i.e. matching itself eliminates confounders by the 

matching variables and that a matched analysis is 

warranted for a matched case-control study. Pearce 

argued that matching introduces confounding by 

matching factors in the case and control, even when it did 

not exist in the source population. To control such 

occurrences, he suggested that matching variables should 

be controlled for during analysis in the matched case-

control study. We followed such guidelines in this study 

and included the matching variables, age, and sex during 

in analysis.14 

 

Figure 1: Flow chart of cases and controls. 

RESULTS 

Of the 80 total TB cases in 7 DOTS treatment centers, 8 

were excluded as per the eligibility criteria. A total of 72 

patients were eligible for interview of which 3 were 

unable to be located and 2 were either unwilling or unable 

to finish the interview yielding a total case count of 67. 

For the controls, 152 controls were present at the time of 

the study of which 16 were excluded for having 

symptoms suggestive of TB; of the 136 eligible controls 4 

refused to participate, and as such 2 replacements were 

made. A total of 134 controls each matched by sex and 

age to a respective case were included in the study. 

Table 1: Socio-demographic characteristics of study participants. 

 Variables Cases (n=67)  Controls (n=134) P value 

 
N (%) N (%)  

Sex      0.993 

Female 39 (58.2) 78 (58.2)  

Male 28 (41.8) 56 (41.8)  

Age (in years)     0.635 

15-25 9 (13.4) 25 (18.7)  

26-45 27 (40.3) 49 (36.6)  

>45 31 (46.3) 60 (44.8)  

Marital status      0.029* 

Married 35 (52.2) 91 (67.9)  

Single 19 (28.4) 33 (24.6)  

Widowed 6 (9.0) 7 (5.2)  

Divorced 7 (10.4) 3 (2.2)  

Education     0.269 

No education 13 (20.4) 18 (13.4)  

Elementary (1-5) 5 (7.5) 12 (9.0)  

Middle (6-8) 14 (20.9) 17 (12.7)  

Secondary (9-12) 27 (40.3) 66 (49.3)  

Post-secondary 8 (11.9) 21 (15.7)  

Continued. 
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 Variables Cases (n=67)  Controls (n=134) P value 

Occupation      0.484 

Employed 33 (49.2) 73 (54.4)  

Unemployed 34 (50.7) 61 (45.5)  

Wealth quantile index     0.530 

Lowest 16 (23.9) 24 (17.9)  

Second 15 (22.4) 25 (18.7)  

Middle 15 (22.4) 26 (19.4)  

High 10 (14.9) 30 (22.4)  

Highest 11 (16.5) 29 (21.6)  

*(P<0.05), **(P<0.01), ***(P<0.001) 

Table 2: Living conditions of study participants. 

 Variables Cases (n=67) Controls (n=134) P value 

 N (%) N (%)  

Family size      0.544 

1 to 3 36 (53.7) 58 (43.3)  

4 to 6 19 (28.4) 52 (38.8)  

Above 6 12 (17.9) 24 (17.9)  

Congregated setting     0.750 

Yes 21 (31.3) 43 (32.1)  

No 46 (68.7) 91 (67.9)  

History of imprisonment     0.087 

Yes 16 (23.9) 12 (9.0)  

 No 51 (76.1) 122 (91.0)  

Family history of TB      0.008** 

Yes 12 (17.9) 8 (6)  

No 55 (82.1) 126 (94)  

*(P<0.05), **(P<0.01), ***(P<0.001) 

Table 3: Personal lifestyle of study participants. 

Variables  Cases (n=67)  Controls (n=134) P value 

 N (%) N (%)  

Smoking history     0.435 

No 53 (79.1) 112 (83.6)  

Yes 14 (20.9) 22 (16.4)  

Current smokers     0.610 

No 65 (97.0) 128 (95.5)  

Yes 2 (3.0) 6 (4.5)  

Smokeless tobacco     0.469 

No 63 (94) 129 (96.3)  

Yes 4 (6.0) 5 (3.7)  

Past drinking habit     0.000*** 

No 43 (64.2) 121 (90.3)  

Yes 24 (35.8) 13 (9.7)  

*(P<0.05), **(P<0.01), ***(P<0.001) 

Table 4: Past medical history of study population. 

 Variables Cases (n=67)  Controls (n=134) P value 

 
N (%) N (%)  

Previous TB history     0.001*** 

No 55 (82.1) 129 (96.3)  

Yes 12 (17.9) 5 (3.7)  

Continued. 
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 Variables Cases (n=67)  Controls (n=134) P value 

Chronic illness comorbidity     0.991 

No 54 (80.6) 108 (80.6)  

Yes 13 (19.4) 26 (19.4)  

BCG vaccination scar     0.003** 

No 39 (58.2) 48 (35.8)  

Yes 28 (41.8) 86 (64.2)  

History of health facility visit     0.373 

No 52 (77.6) 111 (82.8)  

Yes 15 (22.4) 23 (17.2)  

History of hospital admission     0.000*** 

No 32 (47.8) 106 (79.1)  

Yes 35 (52.2) 28 (20.9)  

*(P<0.05), **(P<0.01), ***(P<0.001) 

Table 5: Bivariate and multivariable analysis of risk factors among TB patients and controls, in the Central region 

of Eritrea. 

Variable Category cOR (95% CI) aOR (95% CI) 

Age  1.13 (0.88-1.43) 

Family history of TB 
Yes 3.56 (1.32-9.60) ** 5.75 (1.28-25.76) 

No 1 1 

Family size 

>6 0.53 (0.22-1.25)  

4-6 0.76 (0.37-1.56) 
 

1-3 1 

Congregated setting 
Yes 0.89 (0.46-1.73) 

 
No 1 

Past drinking habit 
Yes 5.23 (2.32-11.78) *** 7.06 (2.4-20.54) ** 

No 1 1 

History of smoking 
Yes  1.50 (0.62-3.63) 

 
No 1 

Passive smoking 
Yes 2.25 (1.06-4.75) * 3.25 (1.00-9.60)  

No 1 1 

Previous TB diseases 
Yes 4.80 (1.69-13.62) ** 1.88 (0.50-7.02) 

No 1 1 

BCG scar 
Yes 0.37 (0.19-0.71) * 0.28 (0.11-0.67) ** 

No 1 1 

History of hospital admission 
Yes 3.85 (2.00-7.41) ** 4.20 (1.87-9.46) ** 

No 1 1 

History of imprisonment 
Yes  1.89 (0.9-3.96) 

 
No 1 

Having chronic illness 
Yes  1.00 (0.44-2.20) 

 
No 1 

Having visited a health facility 
Yes  0.72 (0.35-1.49) 

 
No 1 

Educational status 
Illiterate 2.73 (0.78-9.49) 

 
Literate 1 

Occupation 
Unemployed 1.46 (0.66-3.21) 

 
Employed 1 

Wealth quantile index 

Lowest 1.67 (0.68-4.11) 

 

Second 1.58 (0.59-4.25) 

Middle 1.45 (0.57-3.64) 

Fourth 0.86 (0.47-3.32) 

Highest 1 
Note: R2=0.291 and *(P<0.05), **(P<0.01), ***(P<0.001) Results matched for Age and Sex 
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Socio-demographic characteristics 

A total of 67 cases and 134 controls participated in the 

study. Females were 58.2% of the study participants. 

Regarding marital status, 52.2% of cases and two third of 

controls (67.9%) were married, while 28.4% of cases and 

24.6% of controls were single. Secondary school 

education was cited in most of the cases (40.3%) and 

controls (49.3). Those who were unemployed represented 

50.7% of cases and 45.5% of the control. More than two 

third of the cases (68.7%) were in the middle or below 

wealth index, while in the control 56% were in the middle 

or below wealth index quantiles. (Table 1). 

Living condition 

Living in a family of 4 to 6 people was cited by 28.4% of 

cases and 38.8% of controls. Similar proportions of cases 

and controls have lived in congregated settings, i.e. 

31.3% of cases versus 32.1% of controls. Almost one-

fifth of cases had a history of imprisonment while only 

9% of controls stated that they have been imprisoned 

before. Almost threefold of the cases (17.9%) had a 

family history of TB as of the controls (6%) (Table 2). 

Personal lifestyles 

Only 20.9% of the cases and 16.4% of controls replied 

positively when they were asked if they have ever 

smoked cigarettes. The proportion of current smokers was 

3% in cases and 4.5% in controls. Past alcohol 

consumption was cited in 35.8% of cases and 9.7% of 

controls. Smokeless tobacco was consumed by 6% of 

cases and 3.7% of controls (Table 3). 

Past medical history 

History of TB diagnosis was almost five folds more 

among the cases compared to the controls (17.9% versus 

3.7%). However, an equal proportion of cases and 

controls (19.4%) stated that they have a comorbid chronic 

illness. Two fifth (41.8%) of cases and 64.2% of controls 

had a BCG vaccination scar on their deltoid. A similar 

proportion of health facility visits was reported by cases 

and controls i.e. 77.6% and 82.8% in cases and controls, 

respectively. More than half of the cases (52.2%) and 

one-fifth of the controls (20.9%) reported that they had 

been admitted to the hospital 12 months before the 

interview (Table 4). 

Associated factors of TB 

In the bivariate analysis, family history of TB, past 

alcohol consumption, previous TB disease, absence of 

BCG vaccination scar, and history of hospital admission 

were found to be significantly associated with the 

presence of TB. While history of imprisonment, history 

of smoking, employment status, educational status, 

wealth quintile index, having a chronic illness, and 

having visited a health facility did not show significant 

association with TB. Variables that were found to be 

significant in the bivariate conditional logistic regression 

were entered into multivariable conditional logistic 

regression. The matching variables age and sex were also 

included in the multivariable analysis to control 

confounding. Past drinking habit was significantly 

associated with the occurrence of TB (aOR=7.06, CI:2.4-

20.54, p<0.001). Participants with a history of hospital 

admission had 4.20 times the odds of being infected with 

TB compared with those with no history of hospital 

admission (aOR=4.20, CI:1.87-9.46, p<0.001). Having a 

family history of TB was also an independent risk factor 

(aOR=5.75, CI:1.28-25.76, p<0.05). Having a BCG 

vaccination scar was identified as a protective factor 

against TB, as there was 72% less probability of being 

affected by TB for those who were vaccinated for BCG 

(aOR=0.28, CI:0.11-0.67, p<0.05) (Table 5). 

DISCUSSION 

There is a high burden of tuberculosis in many countries 

which may be attributed to demographics and socio-

economic profiles like poverty, lack of knowledge, 

overcrowding, malnutrition, co-morbidity, etc.4 Adequate 

information on factors that contribute to the transmission 

of tuberculosis helps formulate national TB control 

policies.4 There is a paucity of information on factors 

contributing to TB in Eritrea. Also, as no single factor is 

fully attributable to the emergence of TB, this study has 

tried to assess the factors that are associated with the 

occurrence of TB in the Central Region of Eritrea. A total 

of 201 patients participated in this matched cased control 

study. 

The result of this study indicates that factors such as a 

history of alcohol consumption, BCG vaccination, history 

of hospital admission, previous history of TB, and having 

a family member infected with TB were found to be 

associated with the TB. Concurrently, these factors could 

be attributed to many factors including quality of health 

system, socio-economic profile, population background 

characteristics, study setting, sample size, and differences 

in knowledge, attitude, and practice regarding TB. 

Subjects who used to be alcohol consumers had seven 

times more odds of developing TB when compared to 

those who were not. A congruent finding was reported by 

studies in West Africa and Ethiopia in which former 

alcohol consumers have had an elevated odd of 

contracting TB.4,15 A recent meta-analysis indicated that 

consuming more than 40 g of alcohol per day results in a 

nearly three folds increase in the risk of TB.16 Alcohol 

significantly hinders anti-mycobacterial defenses by 

suppressing mobilization, adherence, phagocytosis, and 

superoxide production of alveolar macrophages. 

Additionally, alcohol exposure may limit the response of 

the immune system by inhibiting the activity of 

macrophages, suppressing the capacity of monocytes to 

produce cytokines compromising the immune defense, 

and increasing susceptibility to TB.17-19 The association 
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between alcohol and TB is worth exploring as 39.6% of 

the Eritrean population is classified as heavy drinkers by 

the Ministry of Health.20  

The proportion of the study participants who smoke 

cigarettes is comparatively few and, therefore, an 

insignificant association was found between smoking and 

the risk of TB. However, the association between TB and 

smoking is well established by several studies.21,22 

Smoking results in histological changes in the lower 

respiratory tract that, in turn, lead to alteration in the 

epithelial function such as reduced ciliary activity, 

decreased clearance of inhaled substances, and abnormal 

vascular and epithelial permeability which in effect 

increases the risk of developing TB.4 The association 

between smoking and TB needs further investigation as 

data from the MOH indicates that 7.2% of the Eritrean 

population is categorized to be smokers.20  

Being vaccinated for BCG during childhood reduces the 

risk of contracting TB as found by several studies.23,24 In 

this study, those who were vaccinated were 72% less 

likely of developing TB when compared with those who 

were unvaccinated. This result is corroborated by findings 

in Ethiopia and west Africa where 66% and 33% less 

probability of TB disease was recorded respectively for 

those who were vaccinated as compared to those 

unvaccinated.5,15 There was higher protection of BCG in 

Eritrea compared to those countries and the reason could 

be the high coverage of the BCG vaccine in Eritrea, 

which according to WHO report in 2020 stands at 97.1% 

while the BCG coverage in Ethiopia was only 79% in 

2019.12,25 BCG coverage in Ethiopia corresponds with 

one of the highest rates of TB in the world at 151 (107-

204) per 100,000.11 

More cases than controls stated that they were admitted to 

a hospital in the 12 months before the diagnosis of the 

current illness. Those with hospital admission history 

were found to be 4.2 times higher odds of TB when 

compared with those with no history of admission. 

Findings of studies done in Addis Ababa lend impetus to 

this finding as individuals with a history of admission 

were found to be 3.39 times more at risk of having TB 

than those who have never been admitted.4  

Similarly, a study done in India found that, the incidence 

rate among health care workers to be 17 per 1000 

people.26 Diseases that compelled admission reduce the 

competency of the immune system, and this along with 

the higher risk of TB transmission in hospitals could 

increase the likelihood that admitted patients could 

contract TB while they stay there.  

People with a prior diagnosis of TB have an elevated risk 

for reinfection with TB compared to those who had no 

prior TB diagnosis. For instance, a cohort study in 

Barcelona reported a 13 times higher incidence rate 

among the population with TB history compared to the 

general population.27 In the current study, however, no 

significant association was found between prior TB 

disease and the risk of TB. 

The risk of TB increased with having a family member 

with TB.15 In this research, study subjects who had a 

history of TB among their family members were 5.75 

times more likely to develop TB compared with those 

with no history of TB among their family members. 

Similar findings were also reported in Addis Ababa 

where a family history of TB was associated with the risk 

of developing TB.4 Similarly, in a study done in West 

Africa, participants with a family history of TB were 3.25 

times more likely to develop TB.13 In a study done in the 

Gambia, having a household member with TB carried an 

odd of 7.55 of being infected by TB (aOR=7.55 (3.43-

16.6) <0.0001).28 Having a family member with TB 

increases the exposure to TB bacilli which in turn 

predisposes a healthy person to TB. Additionally, factors 

that may have predisposed the family member with TB 

can also increment the probability of other family 

members to be infected with TB. 

HIV is the main driver of the TB epidemic in many 

countries and it is labeled as the most important risk 

factor in high prevalent countries of Sub-Saharan 

Africa.29 HIV promotes the progression of latent or recent 

infections of TB to active disease.30 It is also associated 

with higher mortality and unfavorable TB treatment 

outcomes.31,32  

A study conducted in three African countries showed that 

HIV positive were 2.14 times (CI: 1.23-3.73, P 

value=0.006) more exposed to TB as compared to HIV 

negative.15 Similarly, a study done in Gambia found HIV 

to pose 3.2 times higher risk for contracting TB 

(aOR=3.2, CI: 1.5-7.2).27 However, in our study, the 

number of HIV-positive participants was limited yielding 

a total separation during multivariable analysis. 

Therefore, HIV was not included in the final model for 

the determinant of TB in this study. A study with more 

study participants can help to measure the exact 

contribution of HIV as a determinant of TB in the Central 

Region of Eritrea. 

Limitations of the study 

This study has assessed potential determinants of TB in 

the Central region of Eritrea using matched case-control 

study. This study is the first of its kind and it will help 

identify risk factors that are driving the dynamics of TB 

in Eritrea. However, due to the limited number of TB 

cases during the study period, the confidence interval for 

some variables was wide. Hence the results, even though 

they may elucidate the current conditions in the study 

area, studies with more participants are needed to 

unquestionably establish the risk factors identified in this 

study. Therefore, generalization of the study results to the 

whole of Eritrea should be done with caution as the 

factors that drive the TB epidemic in other regions could 

be various and disparate in each region of Eritrea.  
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CONCLUSION  

The factors identified as the predicators of TB in the 

Central Region of Eritrea by this study were past alcohol 

consumption, family history of TB, absence of BCG scar, 

and history of hospital admission. Programs targeting 

alcohol consumption could help in reducing the 

occurrence of TB in the study area. Instituting strict 

guidelines to prevent TB infection in a health care facility 

would also help reduce the burden of TB in the Central 

Region. BCG vaccination was proven to present a 

protective effect against TB and as such the current 

coverage of the BCG vaccination program under the 

expanded program of immunization (EPI) should be 

maintained. Finally, as this study was limited in scope 

and design, larger studies with longitudinal research 

designs are needed to exactly ascertain the factors that are 

driving the TB in the Central Region of Eritrea. 
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