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Abstract
Background: Tuberculosis  (TB) causes significant morbidity/mortality among human 
immunodeficiency virus‑infected individuals in Africa. Reducing TB burden in the era 
of highly active antiretroviral therapy  (HAART) is a public health priority. Aim: We 
determined the factors associated with prevalent TB among patients receiving HAART. 
Subjects and Methods: We conducted a cross‑sectional study of adult patients who had 
received HAART for ≥12 weeks in a Nigerian tertiary hospital. Patients whose TB diagnosis 
predated HAART were excluded from the study. Pre‑HAART data were collected from the 
clinic records, whereas post‑HAART data were obtained through medical history, physical 
examination, and laboratory investigations. Standard TB screening/diagnostic algorithms 
as applicable in Nigeria were used. Logistic regression analysis was used to determine 
factors independently associated with prevalent TB. Results: about 65.8% (222/339) were 
women. The mean age was 41.1 (10.0) years and 23.6% (73/339) had past history of TB. 
The prevalence of active TB was 7.7%  (26/339). Among these patients, 42.3%  (11/26) 
had pulmonary TB, 34.6% (9/26) had disseminated TB, whereas 23.1% (6/26) had only 
extra‑pulmonary disease. Only 45%  (9/20) of patients with pulmonary involvement had 
positive sputum smear. Factors independently associated with prevalent TB were lower 
social class (adjusted odds ratio [aOR]: 31.7; 95% confidence interval  [CI]: 1.1–1417.3), 
HAART non‑adherence  (aOR125.5; 95% CI: 9.6–1636.3), baseline CD4  <200cells/µl 
(aOR31.0; 95%CI: 1.6–590.6), previous TB (aOR13.8; 95%  CI: 2.0–94.1), and current 
hemoglobin <10 g/dl (aOR10.3; 95% CI: 1.1–99.2). Conclusion: Factors associated with 
prevalent TB were a lower social class, HAART non‑adherence, severe immunosuppression 
before HAART initiation, previous TB, and anemia post‑HAART. TB case finding should 
be intensified in these high‑risk groups.
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Introduction

Tuberculosis  (TB) is the leading cause of morbidity and 
mortality among people living with human immunodeficiency 
virus  (PLHIV) in developing countries.[1] HIV infection is 
the most important risk factor for TB and also modifies its 
clinical presentation.[2] The World Health Organization (WHO) 
estimates that about one‑third of the 34 million HIV‑infected 
people globally are infected with latent TB.[3] Individuals with 
TB‑HIV co‑infection are 21–34 times more likely to develop 
active TB disease than HIV‑negative individuals.[3]

The use of highly active antiretroviral therapy (HAART) has 
led to a significant reduction in the burden of TB, mainly in 
countries with a low to medium TB burden.[4‑6] However, 
TB remains a major public health problem in sub‑Saharan 
Africa even in the era of HAART. In 2011, it was reported 
that 79% of the estimated 1.1million HIV‑positive new 
TB cases globally were resident in sub‑Saharan Africa.[3] 
Although the potential benefits of HAART on the burden 
of TB in sub‑Saharan Africa is partly obviated by the 
unsatisfactory access to HIV treatment in the region, active 
TB in individuals who are receiving HAART occurs both in 
Africa and other settings with more established antiretroviral 
treatment programs.[7‑10] Low immune status, especially CD4 
count below 200 cells/µl remains a consistent risk factor for 
the development of active TB in patients receiving HAART 
in various populations.[8,10‑12]

While the contribution of previous TB, poor nutritional status, 
and demographic factors appear to be prominent in a number 
of settings in sub‑Saharan Africa,[10,11,13] these factors were 
not strongly associated with the occurrence of active TB in a 
report from South Africa.[8]

Nigeria ranks tenth among the 22 high TB burden nations 
and has the second highest number of PLHIV globally.[3,14] 
The prevalence of HIV among patients with TB in Nigeria 
increased from 2.2% in 1991 to 19.1% in 2001 and 25% 
in 2010 which suggests that the TB situation is strongly 
HIV‑driven.[15] Unfortunately, only one‑third of the 
proportion of HIV/TB co‑infected patients in Nigeria 
received HAART in 2010.[15] In addition, TB prevention 
and control strategies in PLHIV in Nigeria are suboptimal 
considering that only 57% of the registered HIV‑infected 
persons were screened for TB in 2010.[15] Inaddition, less 
than 1% of PLHIV among whom active TB was excluded 
received isoniazid preventive therapy in 2009.[16] So far, 
the risk factors for TB in patients receiving HAART in 
Nigeria remain poorly characterized. We therefore sought to 
determine the factors associated with prevalent TB among 
patients receiving HAART in a Nigerian tertiary hospital 
with a view to identifying potential recommendations 
to improve TB prevention and control in HIV‑infected 
populations in the era of HAART.

Subjects and Methods

Study design
This was a cross‑sectional study among HIV‑infected patients 
receiving HAART conducted from April 1 to September 30, 
2012.

Study setting/participants
The study was carried out at the Federal Medical Centre 
Owerri (FMCO), Imo state, South east Nigeria. The FMCO 
offers tertiary hospital services to the approximately 3.9 
million people in the state including urban and rural settings,[17] 
as well as other neighboring states such as Abia, Anambra, 
and Rivers. Imo State has an estimated prevalence of HIV 
infection of 4.6%.[14] At the time of the study, the HIV clinic 
of FMCO otherwise known as heart‑to‑heart clinic provided 
services for about 5000 patients out of whom approximately 
2000 adults were receiving HAART free‑of‑charge. At that 
time, the main eligibility criteria for HAART initiation at the 
clinic were baseline CD4cell count <200cells/µl and WHO 
clinical stages III or IV. As the clinic protocol, newly diagnosed 
HIV‑infected patients are routinely screened for TB based on 
symptoms and chest radiographic features before initiation of 
HAART. In the course of follow‑up during HAART, patients 
may have repeat laboratory investigations  (usually chest 
radiography and sputum acid fast Bacilli [AFB] test) at any 
time they report symptoms suggestive of TB.

The study population comprised adult HIV‑infected patients 
15 years and older who had received HAART at the center 
for 12 weeks or more. In Nigeria, 15 years is the minimum 
age for enrollment into adult HIV treatment programs. Their 
HIV status was confirmed by Western blot assay. Patients 
who had received HAART for <12 weeks and those with TB 
diagnosed before commencement of HAART were excluded 
from the study. Furthermore, excluded were patients whose 
TB symptoms were poorly documented as well as those with 
missing results including sputum AFB, chest radiograph, and 
CD4 count.

Sample size and sampling procedure
This study was part of a larger study that primarily investigated 
the burden of opportunistic infections  (OIs). In the larger 
study,[18] a minimum sample size of 322 patients was estimated 
at a 95% confidence interval based on a prevalence of OIs of 
47.6% in a previous study in South Africa[19] using a population 
of approximately 2000 HIV‑infected adults on HAART at the 
FMCO. To address the potential of having missing data, we 
collected an additional 10% of the initial estimated sample 
size for a total size of 354.

To ensure validity, a random sampling technique was 
adopted to minimize bias. After applying the exclusion 
criteria, a sampling frame was generated which comprised 
1560 HAART‑experienced HIV‑infected patients. On each 
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day of data collection, individuals in the sampling frame 
attending the clinic that day were identified. From the subset 
of HAART‑experienced patients attending the clinic on each 
day, a random starting point was first chosen and subsequently 
every third person was selected. This was continued until the 
required sample size of 354 was attained. The flow diagram 
for patient enrollment is shown in Figure 1.

Data collection process
The data collection tool was an interviewer‑administered 
questionnaire. To ensure reliability, a pilot testing of the 
questionnaire was carried out using 30 HIV‑infected patients 
on HAART and pertinent minor modifications made before 
the commencement of data collection. The participants of the 
pilot study were excluded from the final study.

We collected demographic information such as age, gender, 
location of residence (rural or urban), and social class. We also 
obtained information on health behavior such as current alcohol 
use (yes or no) and cigarette smoking (ever smoked or never 
smoked). Data were also collected on pre‑HAART (baseline) 
medical history, date of HIV diagnosis, WHO clinical stage 
at the time of diagnosis, baseline CD4 count, baseline 
hemoglobin, and date of HAART initiation.

Post‑HAART data included medical history with emphasis 
on TB symptoms, physical examination, HAART adherence, 
current CD4 count, current hemoglobin, and investigations for 
TB where applicable. For the purpose of this study, the patients 
first underwent TB screening using a validated algorithm 
for HIV‑infected patients.[20] A TB diagnostic algorithm was 
subsequently used to evaluate patients with a positive TB 
screening response (i.e.,  those who reported having at least 
one of the screening symptoms of cough of any duration, 
fever of any duration, weight loss of any duration, or night 
sweats of ≥3 weeks in the preceding 4 weeks). TB laboratory 
investigations employed included chest radiograph, sputum 
AFB microscopy (three samples for each patient), complete 

blood count, erythrocyte sedimentation rate as well as pleural 
fluid analysis, abdominal ultrasound, or tissue histology where 
appropriate. To further improve reliability, before a diagnosis 
of TB was accepted, at least two physicians were required 
to agree on the diagnosis. All the laboratory investigations 
were carried out in the same center using the same protocol 
for specific investigations with standard quality assurance 
guidelines.

Definition of variables
Primary outcome: Tuberculosis diagnostic criteria
Pulmonary tuberculosis
It was defined as the presence of cough with or without fever, 
weight loss, night sweats or hemoptysis, and demonstration of 
AFB in two or more sputum samples and/or chest radiological 
features compatible with TB.[21‑23]

At the time of this study, the WHO definition of smear‑positive 
TB as one or more AFB‑positive smears had not been fully 
adopted at the study site; hence, the definition used in this study. 
We were unable to use either sputum mycobacterial culture or 
GeneXpert, which would have improved the sensitivity of TB 
diagnosis because these methods were not readily available 
at the time of this study which remains the case in most 
resource‑limited settings. Moreover, in the Nigerian National 
TB management guideline, sputum mycobacterial culture is 
highly prioritized and is not yet indicated for routine diagnosis 
of TB irrespective of HIV status.[23]

Extra‑pulmonary tuberculosis
It was defined as clinical features suggestive of TB in 
an extrapulmonary site without evidence of pulmonary 
involvement with any of the following: Compatible lymph 
node histology; exudative pleural effusion accompanied by 
a clinical response to anti‑TB drugs; ultrasonography of the 
abdomen showing enlarged lymph nodes accompanied by a 
clinical response to anti‑TB drugs.[21‑23]

Disseminated tuberculosis
It was defined as clinical features suggestive of TB with 
concurrent involvement of at least two non contiguous 
organs, with positive sputum smear and/or histological 
and/or radiological evidence of TB.[21]

For patients with negative sputum AFB despite clinical 
and/or radiological features strongly suggestive of pulmonary 
TB as well as those having a clinical diagnosis of extrapulmonary 
TB, clinical response to only anti‑TB drugs  (resolution 
of symptoms/signs of TB, improvement of radiological 
abnormalities where applicable) within the 8 weeks of intensive 
phase of treatment was further required before diagnosis of TB 
was accepted.[13,24] In line with the protocol of the study site, 
all HIV‑infected patients with lower respiratory infections and 
smear negative AFB are administered a 2 week course of broad 

Adult patients on HAART
n = 1999 On HAART for <12 weeks

(n = 337) Commenced
anti-TB treatment
before initiation of
HAART (n = 22)
Clinic visits did not
coincide with enrolment
days (n = 80)

Eligible for sampling
(n = 1560)

Systematic Random Sampling

Enrolled in the study
(n = 354) TB symptoms poorly

documented (n = 3)
Missing sputum AFB result (n = 3)
Missing CD4 count result (n = 7)

No chest radiograph result (n = 2)Final study population
(n = 339)

Figure 1: Flow diagram for enrolment of study participants
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spectrum antibiotics and only if there is no improvement are 
such patients considered for antituberculous therapy.

Highly active antiretroviral therapy adherence
It was assessed using both tablet counting and self‑reporting 
methods. In the tablet counting method, pharmacy medication 
records for patients were matched by the pharmacist against 
the not‑yet‑used medicines brought to the pharmacy by the 
patients as a routine for refill of prescriptions, and the number 
of doses that ought to have been taken that were missed 
were recorded.[25] In the self‑reporting method, patients were 
interviewed about their adherence over the previous day, 
previous week, and previous month successively.[26] If there 
was discrepancy between the two methods, the tablet counting 
method was used.

Adherence was defined as taking 95% of prescribed doses 
which corresponded to missing no >1 dose in a 10‑day period 
(in 2  times a day dosing regimen), or one dose per month 
(in a once daily regimen).[25] Patients were therefore said to 
have HAART non‑adherence if they missed  >5% of their 
doses.[25,26] HAART adherence was reported as a dichotomous 
variable (i.e., yes or no).

Social class
It was assessed using the paternal occupation/income and 
the maternal educational attainment as recommended for 
Nigeria.[27] This method stratifies social class into five classes 
I to V. Class I represent the upper cadre, classes II and III the 
middle cadre, whereas classes IV and V are the lower cadre. 
Paternal occupation had a cumulative score of 3, whereas 
maternal educational attainment had a cumulative score of 2. 
The total score from both parameters placed each participant 
in the respective classes. This classification system is judged 
relevant in developing countries such as Nigeria where the 
mother’s education often influences healthcare knowledge and 
heath seeking behavior in the family irrespective of household 
income.

Ethical considerations
Ethical approval was obtained from the Ethics Committee of 
FMCO. Written informed consent was obtained from each 
patient before enrollment and confidentiality were ensured 
by every member of the research team. All patients newly 
diagnosed with TB were referred for appropriate treatment.

Data management and analysis
Data entry and analysis were carried out using the Epi Info 
version  3.5.1 statistical software  (CDC, Atlanta, Georgia, 
2008). Completed questionnaires were coded by numbers 
and double entered in the Epi Info software. Cross‑checking 
and data cleaning were done. Data were presented as 
proportions for categorical variables. Quantitative variables 
were presented as  mean  (standard deviation)  if they were 
normally distributed while non‑normally distributed 

quantitative data were presented as median  (interquartile 
range). The Student’s t‑test was used to compare mean 
values of normally distributed quantitative variables, whereas 
non‑normally distributed variables were compared using the 
Kruskal–Wallis test.

Bivariate comparisons utilized the Chi‑square test as 
appropriate. Quantitative variables were dichotomized using 
cutoff points that had clinical relevance and that were as 
close as possible to the mean or median values in the entire 
population. For body mass index (BMI), the clinical relevance 
of 18.5kg/m2 as a cutoff point was considered more important 
than the mean value since TB usually presents with weight 
loss. A cutoff point of 200cells/µl was used for current CD4 
count rather than the median value to better assess the impact 
of severe immunosuppression post‑HAART.

Logistic regression model was used to determine the factors 
independently associated with prevalent TB using parameters 
that had a P < 0.1 on bivariate analysis. Statistical significance 
was set at P < 0.05.

Results

Characteristics of the study participants
Of the 354  patients enrolled, 15 had several missing data, 
so we included only 339  patients with complete data for 
the analysis  [Figure  1]. In the final study population, 
65.8% (222/339) were women. The mean age of the entire 
population was 41.1 (10.0) years. Urban dwellers constituted 
56.3%  (191/339) of the participants, and 50.4%  (171/339) 
belonged to the lower social class. About one‑fifth had a 
positive history of current alcohol use and 7.1%  (24/339) 
ever smoked. Previous history of TB was documented in 
23.6% (73/339) of patients. The most frequent WHO clinical 
stage at the time of HIV diagnosis was stage I comprising 
41.0% (139/339) of patients followed by stage II comprising 
31.3% (106/339) while the remaining 27.7% (94/339) presented 
at stages III or IV. About 49.6%  (168/339) of the patients 
had baseline CD4 count <200 cells/µl, whereas the median 
current (post‑HAART) CD4 count was 357 (211–496) cells/µl. 
The median durations of HIV diagnosis and HAART were 
3.2 (2.0–5.0) years and 35.0 (20.0–50.0) months, respectively. 
HAART non‑adherence was documented in 22.4% (76/339) 
of participants.

Table  1 shows the characteristics of the study participants 
according to TB status. There were statistically significant 
differences between the two groups in social class and HIV/
HAART/other clinical parameters with the exception of 
duration of HIV diagnosis.

Prevalence and types of tuberculosis
In the entire study population, 12.7% (43/339) had a positive 
screening based on the TB screening algorithm used. Active 



Iroezindu, et al.: Risk factors for tuberculosis post‑HAART

124	 Annals of Medical and Health Sciences Research | Mar-Apr 2016 | Vol 6 | Issue 2 |

TB was diagnosed in 7.7% (26/339) of patients. The 26 patients 
included 9 patients whose TB were diagnosed after initiation of 
HAART and were still on anti‑TB drugs at the time of the study 
and 17 who were newly diagnosed during the study. Of these 
TB cases, 42.3% (11/26) had pulmonary TB, 34.6% (9/26) 
had disseminated TB, whereas the remaining patients had only 
extrapulmonary disease including tuberculous pleural effusion 
in 11.5% (3/26) of patients, TB lymphadenitis in 7.7% (2/26), 
and abdominal TB in 3.8%  (1/26). In all, 20  patients had 
evidence of pulmonary involvement out of whom only 
45% (9/20) had positive sputum smear.

Bivariate analysis for factors associated with 
prevalent tuberculosis
Bivariate analysis of factors associated with prevalent TB is 
presented in Table 2. All variables were dichotomized. Patients 
with TB were significantly more likely to belong to lower 
social class (P = 0.02). There was no statistically significant 
relationship between prevalent TB and age (P = 0.77), gender 
(P = 0.08), location of residence (P = 0.50), current alcohol 
use (P = 0.81), or having ever smoked (P = 0.09).

A number of HIV severity and HAART‑related parameters 
showed significant associations with prevalent TB including 
WHO clinical stage III/IV  (P  <  0.001) and HAART 
non‑adherence (P < 0.001). Patients with TB were significantly 
more likely to have baseline CD4 count  <200  cells/µl 
(P < 0.001) and currentCD4 count <200cells/µl (P < 0.001). 
Neither duration of HIV diagnosis <3 years  (P = 0.08) nor 
HAART duration  <35months  (P  =  0.05) had statistically 
significant association with prevalent TB.

Compared with patients without TB, those with TB had a 
higher proportion of individuals with past history of TB, 
BMI <18.5 kg/m2, baseline hemoglobin <10 g/dl, and current 
hemoglobin <10 g/dl (all P < 0.001).

Multivariate analysis for factors associated with 
prevalent tuberculosis
To identify factors independently associated with prevalent 
TB, we created a logistic regression model using factors that 
had P < 0.1 on bivariate analysis as shown in Table 3. The 
factors that were independently associated with prevalent 
TB were lower social class (P = 0.04), baseline CD4 count 
<200cells/µl (P = 0.02), HAART non‑adherence (P < 0.001), 
previous TB  (P  <  0.01), and current hemoglobin <10  g/dl 
(P = 0.04).

Discussion

We found a prevalence of active TB of 7.7% among 
HIV‑infected patients who had received HAART for an average 
of 35 months in a high TB burden nation. Prevalent TB was 
associated with lower social class, severe immunosuppression 
before HAART initiation, HAART non‑adherence, previous 
history of TB, and current hemoglobin <10 g/dl.

Table 1: Characteristics of the study participants according 
to tuberculosis status

Characteristics TB (n=26) No TB (n=313) P
Demographics

Male, n (%) 13 (50.0) 103 (32.9) 0.08
Age (years)† 38.0 (6.6) 41.4 (10.2) 0.09
Rural residence, n (%) 13 (50.0) 135 (43.1) 0.50
Lower social class 
(4 and 5), n (%)

19 (73.1) 152 (48.6) 0.02

Health behavior, n (%)
Ever smoked 4 (15.4) 20 (6.4) 0.09
Current alcohol use 6 (23.1) 66 (21.1) 0.08

HIV severity and HAART
HIV duration (years)# 2.7 (1.0-6.0) 3.3 (2.0-5.0) 0.61
Baseline WHO clinical 
stage III/IV, n (%)

18 (69.2) 76 (24.3) <0.001

HAART duration (months)# 15.5 (6.0-36.0) 36.0 (22.0-52.0) 0.02
HAART non‑adherence, 
n (%)

24 (92.3) 52 (16.6) <0.001

Baseline CD4 count 
(cells/µl)#

90 (53-165) 201 (119-267) <0.001

Current CD4 count, 
(cells/µl)#

165 (85-216) 371 (233-523) <0.001

Other clinical parameters
Previous TB, n (%) 15 (57.7) 58 (20.5) <0.001
BMI (kg/m2)† 20.1 (4.0) 24.8 (5.3) <0.001
Baseline haemoglobin† 9.4 (2.2) 11.4 (1.9) <0.001
Current haemoglobin† 9.6 (2.2) 11.8 (1.5) <0.001

†Variables are expressed as means (SD), #Variables are expressed as median (IQR). 
BMI: Body mass index, TB: Tuberculosis, HAART: Highly active antiretroviral therapy, 
IQR: Interquartile range, SD: Standard deviation

Table 2: Factors associated with prevalent tuberculosis 
in HIV‑infected patients on highly active antiretroviral 
therapy (bivariate analysis)

Variable OR (95% CI) P
Demographic/health behavior factors

Age (≤40 vs. >40 years) 1.1 (0.5-2.6) 0.77
Gender (male vs. female) 2.0 (0.9-4.6) 0.08
Social class (4 and 5 vs. 1-3) 2.9 (1.2-7.5) 0.02
Residence (Rural vs. Urban) 0.7 (0.3-1.7) 0.50
Ever smoked versus never smoked 2.6 (0.7-8.1) 0.09
Current alcohol use (yes vs. no) 1.1 (0.4-2.8) 0.81

HIV severity and treatment factors
Baseline WHO clinical stage (III/IV 
vs. I/II)

7.0 (3.0-17.6) <0.001

HIV duration (<3 vs. ≥3 years) 2.0 (0.89-4.5) 0.08
HAART duration (<35 vs. ≥35 months) 0.4 (0.2-1.0) 0.05
HAART nonadherence (yes vs. no) 59.2 (15.7-381.9) <0.001
Baseline CD4 count (<200 vs. 
≥200 cells/µl)

29.5 (5.4-620.0) <0.001

Current CD4 count (<200 vs. 
≥200 cells/µl)

10.0 (4.2-25.5) <0.001

Other clinical factors
BMI (<18.5 vs. ≥18.5 kg/m2) 6.6 (2.7-15.8) <0.001
Baseline hemoglobin (<10 vs.≥10 g/dl) 8.1 (3.4-19.8) <0.001
Current hemoglobin (<10 vs. ≥10 g/dl) 12.4 (5.1-30.5) <0.001
Previous TB (yes vs. no) 5.3 (2.3-12.4) <0.001

BMI: Body mass index, TB: Tuberculosis, HAART: Highly active antiretroviral therapy, 
OR: Odds ratio, WHO: World Health Organization, CI: Confidence interval
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The findings of this study are considered important because 
identifying the high‑risk groups for active TB as shown in this 
study may lead to a higher index of suspicion, closer follow‑up, 
more intensive screening for TB, and earlier TB diagnosis 
with possibly improved outcome. In addition, addressing the 
factors associated with TB such as HAART non‑adherence and 
lower social class may prove to be key strategies for improved 
prevention and control of active TB in patients receiving 
HAART at least in the context of developing countries with 
high TB burden. The issue of HAART adherence as a means 
of TB control in PLHIV deserves to be emphasized bearing in 
mind that HAART has generally improved the quality of life of 
PLHIV, and undeniably changed the epidemiology of TB for 
the better in countries with high prevalence of this co‑infection.

The prevalence of TB documented in HIV patients on HAART 
in this study is comparable with findings in Brazil (6.8%‑all 
forms of TB),[28] Tanzania  (8.5%‑pulmonary TB),[29] and 
Ethiopia  (10.1%‑all forms of TB).[30] The study in Brazil 
was a retrospective analysis of 599 HIV‑positive patients 
out of whom 59% were on HAART. TB diagnosis was based 
on sputum smear positivity or mycobacterial culture or 
physician‑diagnosed cases. The majority (73%) had pulmonary 
TB.[28] The study in Tanzania was cross‑sectional and involved 
233  patients of whom 74% were women. Children were 
included in the study though the mean age was 37 (10) years. 
About 15% had a past history of TB. TB was defined as cases 
positive for AFB by smear microscopy and/or culture.[29] In 
Ethiopia, a cross‑sectional study of 385 HIV‑positive patients 
was conducted with 91% on HAART, 64% women and mean 
age of 35.9 (9.2) years. About 27% of their patients had CD4 
count <200cell/µl. The case definition of TB was not clearly 
stated.[30]

Some other high TB burden settings have reported lower 
rates of 3–5%  (all forms of TB) in ART‑experienced 
populations.[11,31] Although the case definitions of TB in those 
studies were comparable with that of our study, a possible 
reason for the difference in the reported rates of TB is that 
those studies involved much larger samples of 28,323 and 
2514 subjects in the works of Nicholas et al. And Peck et al., 
respectively.[11,31]

On the other hand, some other studies have reported much 
higher rates of prevalent TB in patients receiving HAART: 
17–27% in other settings in India that investigated only 
pulmonary TB[32,33] and 19.8% in Benin City, Nigeria.[34] There 
are some explanations for the disparity between these studies 
and ours. In the work of Giri et al.,[32] half of their participants 
were men, and over 70% had CD4 count <250cells/µl. The 
reason for the higher rate of prevalent TB in Benin City, 
Nigeria may be because only 70% of their participants were 
on HAART and understandably the remaining 30% who were 
HAART naïve had higher TB risk.

Generally, the availability of mycobacterial culture is another 
reason for variation in rates of diagnosed TB. For example, 
the prevalence documented for pulmonary TB by Ngowi.[29] 
in a setting in Tanzania where mycobacterial culture was 
employed in diagnosis in some patients was 3 times higher 
than the prevalence of all forms of TB documented by Peck 
et  al.[31] in another Tanzanian setting where mycobacterial 
culture was not available.

The WHO estimated that only 3% of HIV‑infected individuals 
developed TB in 2010 in Nigeria[14] although this data did not 
specify antiretroviral treatment status. Hospital‑based studies 
have shown that the prevalence of active TB in predominantly 
HAART naive HIV‑infected patients in Nigeria was 30–40% 
before antiretroviral drugs became readily available[35,36] 
and 6–14% in the post‑HAART era.[37‑39] Our finding on the 
prevalence of active TB among patients on HAART is therefore 
within the range described in the post‑HAART era in other 
studies in Nigeria.

While there is evidence that TB can occur in HIV‑infected 
patients at any level of CD4 count,[9] low CD4 count before 
HAART initiation has consistently been reported to be a risk 
factor for TB in patients on HAART.[7,8,10,37,38] According to 
Girardi et  al.,[7] baseline CD4 count was associated with 
the occurrence of TB in Europe and North America from 
6 months after initiation of HAART even after controlling for 
the 6‑month CD4 count which was also predictive of TB. In 
South Africa, the risk of TB was independently associated with 
CD4 count <100cells/µl. In an evaluation of the relationship 
between TB and CD4 count in HIV‑infected patients in another 
study in Nigeria, patients with CD4 count ≤200cells/µl were 
significantly more likely to have TB compared to those with 
values >200cells/µl.[37]

Table 3: Factors associated with prevalent tuberculosis 
in HIV‑infected patients on highly active antiretroviral 
therapy (multivariate analysis)

Variable aOR (95% CI) P
Gender (male vs. female) 1.5 (0.2-10.0) 0.64
Social class (4 and 5 vs. 1-3) 31.7 (1.1-1417.3) 0.04
Ever smoked versus never smoked 1.9 (0.1-52.2) 0.46
Baseline WHO clinical stage 
(III/IV vs. I/II)

0.2 (0.0-1.8) 0.16

HIV duration (<3 vs. ≥3 years) 0.1 (0.0-1.6) 0.11
HAART duration (<35 vs. ≥35 months) 6.7 (0.5-82.3) 0.14
HAART nonadherence (yes vs. no) 125.5 (9.6-1636.3) <0.001
Baseline CD4 count (<200 vs. 
≥200 cells/µl)

31.0 (1.6-590.6) 0.02

Current CD4 count (<200 vs. 
≥200 cells/µl)

2.1 (0.3-16.4) 0.46

BMI (<18.5 vs. ≥18.5 kg/m2) 2.6 (0.3-19.8) 0.36
Baseline hemoglobin (<10 vs. ≥10 g/dl) 4.5 (0.6-31.7) 0.13
Current hemoglobin (<10 vs. ≥10 g/dl) 10.3 (1.1-99.2) 0.04
Previous TB (yes vs. no) 13.8 (2.0-94.1) <0.01
BMI: Body mass index, TB: Tuberculosis, HAART: Highly active antiretroviral therapy, 
OR: Odds ratio, aOR: Adjusted odds ratio, WHO: World Health Organization, CI: Confidence 
interval
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Similar to our finding, past history of TB has been reported to 
be a risk factor for active TB among patients on HAART in 
various studies in sub‑Saharan Africa.[9,11,13,40] In a prospective 
cohort study in Coted’Ivoire, the risk of TB after HAART 
initiation was 2  times higher in patients with a past history 
of TB compared to those who had no past history of TB.[40] 
According to Komati et al.,[13] a history of TB at baseline was 
associated with subsequent TB and death during HAART in 
South Africa. Contrary to these reports, Lawn et al.[8] found 
that previous TB was not associated with subsequent TB in 
patients on HAART in another South African cohort. In that 
study, only 14% of the population had a past history of TB 
compared to about 24% in our study, so it is possible this 
contributed to the disparity.

While we found that low social class was independently 
associated with TB, Lawn et al.[8] reported that socioeconomic 
status was not a risk factor for TB in their population despite 
the fact that the proportion of individuals with low social 
class was similar in the two studies  (51% in South Africa 
and 50.4% in our study). In line with our findings, HAART 
adherence <95% was identified as a strong predictor of TB in 
Mozambique.[41] Anemia has also been associated with TB in 
a number of studies.[10,11,13,30]

We observed that the significant association between either 
post‑HAART CD4 count or WHO clinical stage III/IV and 
active TB seen on bivariate analysis was lost after controlling for 
confounders. Advanced WHO clinical stage at the time of HIV 
diagnosis[8,13,38,42‑44] and low CD4 count post‑HAART[7,10,12,32] 
have been shown in several studies to predict active TB in 
patients receiving HAART. Age, gender, and low BMI were not 
predictors of active TB in our study. The observation by Lawn 
et al.[8] that gender had no significant association with TB in 
South Africa despite a male predominance in their population 
agrees with our finding. Some other studies have reported 
younger age,[8,34] male gender,[11,20,39,42] and low BMI[10,11,13,29] 
to be significantly associated with TB disease in patients on 
HAART. It is possible that our study was underpowered to 
detect some of these associations. Another reason for the lack 
of association between WHO clinical stage and TB in our study 
may be the relatively low proportion of patients with advanced 
WHO clinical stage (27.7%).

It is also important to note that high HIV viral load both at 
baseline or during HAART has been strongly associated with 
active TB both in high and low TB burden countries.[7,10,13] We 
were unable to assess for the association between HIV viral 
load and prevalent TB due to lack of facilities for viral load 
quantification in our center at the time of this study which 
unfortunately is the case in most resource‑limited settings.

Our study had a number of strengths. Selection bias was 
reasonably minimized by the use of a simple random sampling 
technique. The inclusion of only patients who had received 

HAART long enough to attain some immunological recovery 
and virological suppression mean that we did not recruit a 
group of HIV‑infected patients who had unduly high risk of 
TB or unmasking TB immune reconstitution inflammatory 
syndrome. The TB diagnostic criteria, we adopted also 
minimized the chances of TB overdiagnosis.

Nevertheless, our observation should be interpreted in the light 
of our study limitations. Considering that the sample size was 
estimated based on a larger study on OIs, our study could have 
been underpowered to detect associations between prevalent 
TB and some other variables such as WHO clinical stage and 
post‑HAART CD4count. We did not have facilities for sputum 
mycobacterial culture or GeneXpert at the time of this study 
either of which would have further improved the sensitivity of 
our TB diagnosis considering that our patients were HIV‑infected 
and may present with atypical clinical features, unremarkable 
chest radiograph, and smear negative sputum despite having 
TB. Therefore, the actual prevalence of active TB in our 
HAART population may be higher than we found. Availability 
of mycobacterial culture for TB diagnosis remains a challenge 
in resource‑limited settings. In fact, mycobacterial culture is 
highly prioritized for TB diagnosis in Nigeria and is not yet 
indicated for routine diagnosis irrespective of HIV status even 
in the 2014 revised National guideline.[23] The fact that we did 
not use more objective criteria such as Cage criteria for alcohol 
use and number of pack‑years for cigarette smoking are also 
considered limitations in this study. This is worth mentioning 
considering that both chronic alcohol use and cigarette smoking 
are recognized risk factors for pulmonary infections.

Conclusion

This study has shown that prevalent TB remains an 
important public health problem among HIV‑infected 
patients receiving HAART in high TB burden nations. Lower 
social class, previous TB, HAART non‑adherence, severe 
immunosuppression before HAART initiation, and anemia 
post‑HAART were factors independently associated with 
prevalent TB. We recommend that TB and HIV policy makers 
as well as clinicians should consider these findings to review 
TB management guidelines to raise the index of suspicion for 
TB diagnosis in these high‑risk groups. Addressing key issues 
such as HAART non‑adherence and poor living conditions in 
PLHIV in resource‑limited settings is highly recommended as 
part of TB prevention strategy. The observation that baseline 
CD4 count below 200cells/µl was associated with prevalent TB 
underscores the importance of commencement of ART at higher 
CD4 count in line with current WHO recommendation.[45] 
Finally, the likelihood that the prevalence of active TB in our 
population may actually be higher than we found justifies a call 
for policy makers and relevant authorities in resource‑limited 
settings such as Nigeria to make mycobacterial culture and 
molecular‑based techniques such as GeneXpert readily 
available for TB diagnosis, especially in PLHIV.
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