
AIMS Public Health, 2 (4): 784-792 

DOI: 10.3934/publichealth.2015.4.784 

Received date 28 May 2015 

Accepted date 1 December 2015 

Published date 2 December 2015 

http://www.aimspress.com/ 

 

Research Article 

Risk Factors Associated with the Development of Tuberculosis Among 

HIV-Infected Patients in Khartoum in 2010 

Heitham Awadalla 
1
, Fateh El-Samani 

2
, Mohammed A. Soghaier 

3,*
 and Mahgoub Makki 

4 

1 
Public Health Specialist,

 
Federal Ministry of Health, Public Health Institute, Khartoum, Sudan  

2 
Professor of Public Health, Ahfad University for Women, Omdurman, Sudan and WHO regional 

consultant 
3 

Epdemiologist, Federal Ministry of Health, Directorate of Epidemiology and Zoonotic diseases, 

Khartoum, Sudan 
4 

Community Physician, Federal Ministry of Health, National Medical Commission, Khartoum, 

Sudan 

* Correspondence: Email: soghaier@gmail.com; Tel: +249-912-387-175.  

Abstract: 

Background: Tuberculosis (TB) screening among patients infected with Human Immunodeficiency 

Virus (HIV) is one of the approaches for controlling TB-HIV co-infection. The absence of typical 

TB symptoms among HIV-infected patients makes diagnosis challenging. Identifying predisposing 

risk factors of TB among HIV-infected patients could possibly guide TB diagnosis and treatment. 

This study was designed to identify some important factors associated with TB among HIV-infected 

patients and to quantify the strength of this association.  

Methodology: In 2010, a case control study was conducted in Khartoum State, Sudan. Cases and 

controls were selected by simple random sampling with a 1:2 ratio; 97 cases and 194 controls were 

enrolled in the study. A logistic regression model was built to estimate and quantify the strength of 

the association between the study variables and the outcome; a p-value less than 0.05 was considered 

the cut-off point for a significant statistical association.  

Results: Past history of TB, CD4 count < 200 cells/µl, late clinical stages, non-employment, and no 

formal education were found to be risk factors for developing TB among HIV-infected patients. The 

adjusted ORs and 95% CIs were (6.9: 3.75–12.99), (4.8: 1.57–15.26), (5.8: 1.88-17.96), (2.5: 1.26–5.03), 

and (2.5: 1.28–4.63), respectively. Poor adherence, marital status, age, and gender are not associated 

with developing TB among HIV patients.  

Conclusion: HIV patients who have at least one of the risk factors found in this analysis are at higher 

risk of TB; therefore, they should be screened more frequently and treated promptly, especially HIV 

patients with previous TB.  
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1. Introduction  

Tuberculosis (TB) and Human Immunodeficiency Virus (HIV) pose significant global public 

health problems. They are overlapping epidemics [1]. Both have been declared global emergencies 

demanding global attention. Triggered by HIV infection, TB has emerged as a major public health 

threat in Sub-Saharan Africa [2]. HIV infection is a major risk factor for reactivation of latent TB 

and rapid progression of recent TB infection. On the other hand, TB increases HIV replication and is 

now a major cause of death among HIV-infected patients in developed and developing countries [3]. 

TB and HIV interaction has resulted in a parallel pandemic of TB disease, increasing the annual TB 

disease rates in sub-Saharan African from 5-fold to 10-fold during the latter half of the 1990s [4]. 

According to the Provider Initiated Testing and Counselling (PITC) Report 2009, in Sudan the 

prevalence of HIV among TB patients in TB clinical settings is estimated to be 18% [5]. 

In order to ensure effective collaboration between Acquired Immunodeficiency Syndrome 

(AIDS) and TB control programs, it is important to have a screening strategy to detect HIV among 

TB patients and a screening program to detect TB among HIV-positive patients. The former is easy 

and could be easily and quickly done through a blood test. The latter is still challenging in many 

countries because HIV-infected TB patients often lack the classic clinical symptoms of TB [6,7]. 

Therefore, many studies had been conducted to determine the risk factors associated with TB among 

HIV-infected patients [8,9,10]. These factors include different socio-demographic factors, CD4 count, 

WHO-clinical stage, co-morbid conditions, and TB-presenting symptoms.  

Moreover, Isoniazid Preventive Therapy (IPT) is one of the strategies that is used to reduce the 

burden of TB among HIV-infected patients [11,12,13]. However, IPT has not yet been implemented 

in Sudan because it requires a strong and efficient TB screening program among HIV-infected 

patients. Therefore, this study could possibly provide useful recommendations and guiding clinical 

algorithms for TB screening among HIV patients in Sudan. 

2. Materials and methods 

This multi-centered case control study was conducted in Khartoum State in Sudan between 

January and October 2010. There are six Voluntary Counselling and Testing/Anti-Retroviral 

Treatment VCT/ART centers in the cities of Khartoum, Omdurman, and Khartoum North 6 (21% of 

the total ART in the country). In these centers, 2,049 patients undergo Highly Active Antiretroviral 

Therapy (HAART). All of these centers provide screening services and treatment for TB and HIV-

infected patients, free of charge. All six of these centers were included in the current study. 

The cases (patients with TB-HIV co-infection) and the controls (only HIV-infected patients) 

were selected from these six VCT/ART centers using simple random sampling (SRS) after listing all 

of the patients that were receiving care. Selection of the cases was based on the World Health 

Organization (WHO) standard case definition. Inclusion criteria were: males and females with either 

pulmonary TB (PTB) or extra-pulmonary TB (EXPTB), and incident or prevalent TB. Patients under 

15 years of age and those that did not reside in Khartoum State were excluded from the study. 
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Sample size was calculated assuming 95% confidence level (CI) and 80% power. Two controls 

were selected for each case to increase the study’s power [14]. After screening for inclusion and 

exclusion criteria, a total of 97 cases and 194 controls were recruited for the study. Subjects that 

were initially selected as controls and then discovered to have TB or that developed TB later during 

the study, were reclassified as cases for the analysis and other controls were selected instead.  

Data was collected by using structured questionnaires, reviewing patient registries, and 

screening results records. Six qualified counsellors, working within the six VCT/ART centers, were 

trained to collect data from the selected cases and controls in the same way using the structured 

questionnaire.  

A multivariate logistic regression model with 95% CI was run through SPSS version 20 

software to calculate the odds ratio (OR), thereby quantifying the associations between the 

occurrence of TB and the different predictors or risk factors [15]. The significance level was 

considered to be a p-value < 0.05. 

2.1. Ethical considerations 

Ethical approval was obtained from the Sudan Medical Specialization Board on 15
th

 February 

2010. Written informed consent was obtained from both the cases and controls before enrolment in 

the study. 

3. Results 

A total of 291 subjects were enrolled in this study; 97 (33%) were cases (TB-HIV co-infection) 

and 194 (67%) were controls (HIV-infected only). The age of the cases and controls enrolled in this 

study was almost identical. However, the mean age was slightly higher among the controls [37.2 ± 9.4] 

compared to the cases [35 ± 9.8]. Table 1 summarizes the baseline characteristics of the cases and 

the controls.  

In terms of the risk factors associated with the outcome, five variables were found to be 

significant for developing in HIV-infected patients. Past medical history of TB (HIV-infected 

participants with TB that was successfully treated before the current study) was found to be 

associated with developing TB (adjusted OR = 6.98 and 95% CI [3.75–12.99]). HIV patients with no 

formal education (i.e., the official primary, secondary, and higher education levels within the 

country’s educational system) were found to have a higher risk of developing TB compared to HIV 

patients who were educated (adjusted OR = 2.54 and 95% CI [1.28–4.63]). Unemployed HIV 

patients were found to have a greater risk of developing TB (adjusted OR = 2.53 and 95% 

CI [1.26–5.03]). Patients with late clinical stage HIV based on WHO criteria or with a low 

CD4 count (less than 200 cells/µl) were found to be at a higher risk of developing TB in 

comparison to patients in early clinical stages of HIV (OR = 5.86 and 95% CI (1.88–17.96) and 

OR = 4.81 and 95% CI (1.57–15.26), respectively). Other sociodemographic and clinical factors—

gender, age, and marital status—did not show a significant statistical association with the study 

outcome. Table 2 shows the final multivariate logistic regression model estimating the association 

between the factors and the study outcome. 
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Table 1. The baseline characteristics of the study participants. 

Characteristics Cases  (TB-HIV) n (%) 
Controls (HIV patients) n 

(%) 

No. of participants 97 (33%) 194 (67%) 

Age in years (mean ±SD) 35.8 ± 9.8 37.2 ± 9.4 

Male sex 64 (66%) 102 (53%) 

Marital status 

Single 

 
29 (30%) 41 (21%) 

Married 43 (44%) 94 (48%) 

Divorced 18 (19%) 31 (16%) 

Widowed 7 (7%) 28 (15%) 

Employment 

Officer (professional) 2 (2%) 27 (14%) 

Labor (skilled & non-skilled ) 43 (44%) 84 (44%) 

Student 

 

1(1%) 6 (3%) 

Unemployed 51(53%) 77 (39%) 

Education 

No formal education 37(38%) 32(17%) 

Primary 33(34%) 59(30%) 

Intermediate 9(9%) 52(27%) 

Higher 18(19%) 51(26%) 

Other co-morbid condition 4 (4%) 10 (5%) 

Past history of TB 66 (68%) 39 (20%) 

Baseline CD4 count cells/µl 

(median: IQR) 
112(82-156) 132(92-200) 

WHO clinical stage 

Stage 1 1 (1%) 28 (15%) 

Stage 2 2 (2%) 21 (11%) 

Stage 3 81 (84%) 130 (69%) 

Stage 4 12 (13%) 10 (5%) 

All patients receiving HIV care 

(mean± SD) 
16.3±13.4 21.2±15.6 

Patients receiving HAART 

(mean± SD) 
20.9±13.9 28.5±25.5 

HIV patients on HAART n 

(%) 
62 (64%) 142 (74%) 

Duration of HAART in 

months (mean± SD) 
17.2±13.8 22.1±15.0 

Period before start of 

HAART (in months) 
3.6±5.5 6.3±22.6 
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Adherence to HAART 

Good 49 (79%) 111 (78%) 

Fair 9 (15%) 26 (18%) 

Poor 4 (7%) 5 (4%) 

Table 2. Multivariate logistic regression model and adjusted OR for the possible risk of 

developing TB among HIV-infected patients. 

Characteristics  Adjusted OR 95%CI  p-value 

Male sex  1.99  0.92-4.32  0.07 

Age  0.99  0.95-1.02  0.45 

Past TB history  6.98  3.75-12.99  < 0.01 

No formal education  2.54  1.28-4.63  < 0.01 

Married (not single)  2.20  0.79-4.38  0.07 

Unemployed  2.53  1.26-5.03  0.01 

Late clinical WHO stages  5.86  1.88-17.96  < 0.01 

CD4 less than 200 cells/µl 4.81  1.57-15.26  0.01 

Poor adherence 1.81  0.47-7.04  0.39  

Unemployed  9.52  2.17-41.74  < 0.01 

4. Discussion 

HIV-associated immunodeficiency is an important risk factor for the recurrence of TB, whether 

that disease is caused by relapse or exogenous re-infection [16]. Like many other studies, 

patients with a past history of TB had a higher chance of developing it if they were also 

infected with HIV [15,17]. Evidence suggests that the restoration of Mycobacterium tuberculosis-

specific immunity is incomplete during the first year (at least) that an HIV-infected patient undergoes 

HAART [18,19]; therefore, it is certainly plausible that a previous history of TB would persist as a 

significant risk factor for incident TB after the initiation of HAART. Some studies found that the 

association between the risk of TB and a past history of TB was weaker than the association 

observed in this current study. Most of the cases in the previous studies that reported a weak 

association had completed their anti-TB drugs within one year or less before enrollment in HAART. 

Therefore, the short time duration after completing anti-TB medications reduces the probability of 

re-infection in these cases [20]. 

Based on the WHO clinical stages for HIV, stage 3 and stage 4 were found to be strong 

predictors of TB among HIV-infected patients. This result is consistent with current available clinical 

knowledge and it has been confirmed by several similar studies [21–25]. The possibility of a missed-

diagnosis of TB among stage 4 HIV patients is likely to occur because these patients usually lack the 

typical signs and symptoms associated with TB. Therefore, it is possible that an even stronger 

association exists between stage 4 HIV and TB risk than what we found our study.  

A low CD4 cell count of less than 200cell/µl remains an independent predictor for TB among 

HIV-infected patients [26,27]. The association between the risk of TB and low CD4 count in this 

present study (p-value 0.03) was not as strong as we had expected. This could be due to several 

factors; either most of control patients had just completed their TB treatment or they had TB while 

they were undergoing long-term HIV treatment HIV before enrolling in the study. This explanation 
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can be supported by two results obtained from the study. First, the mean duration of HIV was much 

higher among the controls (21 months) than the cases (16 months) with a p-value of 0.01. Second, 

20% of the controls had a past history of TB, and the possibility of contracting TB while also living 

with a long-term HIV infection was highly probable. 

Education level and occupation showed a significant association with TB risk among the HIV-

infected patients in this study. Poor educational level and no employment were both associated with 

higher risk of majority of infectious diseases. Occupation was most likely determined by the level of 

education [28]. Most of the non-skilled labors and those without any occupation probably had a low 

level of education. Therefore, both poor educational level and no employment acted synergistically 

to increase TB risk.  

In some studies, a longer duration of HAART was found to be associated with a lower TB 

risk [12,29]. Pre-treatment immunodeficiency (gap before starting HAART) and the lack of response 

to HAART are considered to be principal risk factors for TB [30]. However, this association was not 

found in this study. This could be explained by the fact that most of the HIV patients enrolled in this 

study were either in clinical stage 3 or stage 4 and they were eligible for HAART treatment (almost 

matched for this variable).  

Poor adherence to treatment has the same effect as not taking the treatment. The measurement 

of adherence was challenging. Moreover, it is typically subjected to many other confounders that 

were not addressed in this study, such as the medical condition of the patient, whether or not the 

patient is taking other types of medications, and the stage of the patient’s disease (late stages versus 

early stages). To overcome these challenges, we recommend a follow up cohort study design instead 

of a retrospective design [31]. 

In univariate logistic regression analysis of this study, an association was found between male 

sex and developing TB among HIV-infected patients. A similar result was obtained from similar 

studies conducted in developing countries, such as Tanzania [10], Thailand [32], and South 

Africa [31]. However, multivariate analysis and the findings presented in other studies revealed that 

sex is not a risk factor [33–35]. This could be explained by the effect of some additional confounders, 

such as the CD4 level and the WHO-clinical stage.  

5. Conclusion 

In conclusion, TB risk was found to be higher among unemployed participants and those with a 

low educational level. The most important and absolute predictors for TB risk among HIV-infected 

patients were: a low baseline CD4 count of less than 200cell/µl, late WHO clinical stages, and past 

history of TB. Nevertheless, TB clinical screening should be conducted regularly for HIV patients 

whether or not these predictors are present. HIV patients who are expected to be at a higher risk for 

TB should be examined and investigated thoroughly and more frequently. Evidence of the role 

played by an earlier start and good adherence to HAART was not strong enough in this study; 

however, the recommendation for an earlier start of HAART and good adherence remains valid.  
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