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Abstract
Background. Tuberculosis-HIV co-infection is the leading cause of death for people living with HIV
(PLHIV) in the Central African Republic. The objective of this study was to determine the incidence and
risk factors of TB among PLHIV in Bangui.

Methods: This was a retrospective study carried out on a cohort of PLHIV followed in an HIV infection
management center in Bangui. PLHIV aged 18 or older, with no history of TB, enrolled between January 1,
2017 and December 31, 2018 were included in the study. The software, Epi Info 7, made it possible to
enter and analyze the data. The chi-square test was used only to compare the proportions at the 5%
signi�cance level.

Results: A total of 677 patients including 618 (91.28%) on antiretroviral therapy were included in the
study. The median age was 34 with extremes ranging from 18 to 57. Of the patients followed, 104
developed TB. The overall incidence of TB was 15.37 (104/677) cases per 100 PLHIV-years. This
incidence was 13.10 (81/618) cases per 100 in patients on ART-years and 38.99 (23/59) cases per 100
patients on pre-ART-years. In pre-ART patients the incidence of TB was therefore almost 3 times higher
than that of PLHIV on ART (p = 0.03). WHO clinical stages III and IV (p = 0.02), absence of ART (p = 0.03),
poor adherence (p = 0.004) and low functional capacity (p = 0.04) were the risk factors associated with
the occurrence of TB among PLHIV in Bangui.

Conclusions: The high incidence of TB in our context is essentially linked to delay in diagnosis and the
quality of care. Early initiation of antiretroviral therapy, systematic screening for TB in PLHIV upon entry
into the active queue and better monitoring of patients on ART are strongly recommended.

Background
Controlling the TB epidemic is a major challenge for public health programmes in African countries. HIV
infection has increased the burden of TB, especially in populations with high prevalence of TB, mainly in
sub-Saharan Africa and South East Asia [1]. HIV co-infection is the main cause of increased mortality risk
in TB. The incidence of TB is particularly high in sub-Saharan Africa, reaching 259 cases per 100,000
inhabitants. The overall mortality rate is 23% and even exceeds 50% in the African countries most
affected by HIV infection [1]. The incidence of TB among AIDS patients ranges from 20 to 40% [1; 5-7]. It
can reach 80% in countries with high HIV seroprevalence [2]. Of the approaches needed to assess the
interference of the two endemics, HIV infection and TB, incidence and prevalence are the most important
parameters [5; 6].

The Central African Republic is a country highly affected by both diseases. The prevalence of HIV
infection is estimated at 4.9% among adults aged 15-49 years [1] and the country reports national
coverage of antiretroviral (ARV) treatment at 40% at the end of 2018 [2]. Screening for HIV infection is
often delayed and case management does not systematically take into account underlying tuberculosis.
Thus, the incidence of TB in PLHIV is not regularly documented, but the global report on TB in CAR
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published by the WHO in 2016 gives an incidence of 400 cases per 100,000 inhabitants without
distinction of serological status [2]. The targeted objectives of this study were to determine the incidence
and identify the risk factors of TB among PLHIV followed in Bangui, in order to propose adapted
strategies for a better control of the disease.

Methods
Setting, type and period of study

This study took place at the National Reference Centre for Sexually Transmitted Infections and
Antiretroviral Therapy (CNRISTTAR) in Bangui, which is a reference centre for the care of PLHIV in the
Central African Republic. The CNRISTTAR is a centre with an active �le of 4,940 PLHIV, i.e. 21.1%
(4,940/2,3412) of registered PLHIV in Bangui. The active �le of patients on ARVs is 3142, i.e. 13.4% of the
active �le in Bangui. The choice of this study site was motivated by the good quality of services offered
to PLHIV [3,4] and the existence of an electronic and physical database. This was a retrospective study.
The duration of the study (inclusion and all follow-ups) was two years.

Sampling, inclusion and follow-up time of patients

The study population consisted of all PLHIV enrolled in CNRISTTAR for medical management. We
included all PLHIV aged at least 18 years, enrolled between January 2016 and December 2017, free of TB
at initiation and followed for 2 years. Routine TB screening at enrolment of PLHIV was based on clinical
criteria. Patients with incomplete records were not included in the study. We considered any patient with a
positive bacilloscopy, culture or molecular test (Xpert MTB/RIF®) as a TB case.

Variables

Information collected for each patient included socio-demographic (age and sex), clinical (Body Mass
Index or BMI, WHO clinical stages, type of TB, clinical diagnosis of TB, antiretroviral treatment, functional
capacity and adherence to treatment) and paraclinical characteristics (CD4 count, sputum microscopy.
The incidence rate is the number of new TB cases divided by the number of PLHIV multiplied by the risk
period.

Data collection, processing and management

A data collection form was designed to record information on each patient. The collection of information
was based on the record of ARV treatment and the record of TB treatment. All patient data were
anonymized before entry.

Data analysis

Excel 2007®, Epi Info 7© and SPSS® version 20 were used to analyze the data. The Pearson Chi-square
test with a signi�cance level of 5% was used to compare categorical variables. To determine the risk
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factors, we calculated the crude relative risk (bivariate analysis) and the Cox regression adjusted hazard
ratio (multivariate analysis).

Ethical considerations 

The survey was granted clearance No16/UB/FACSS/2016. Data collection was done in strict compliance
with the Declaration of Helsinki. 

Results
Characteristics of PLHIV at inclusion

Over the period of our study (January 2016 to December 2017), we reviewed 866 records. Of these 866
records, we excluded 189 or 21.8 who did not meet the inclusion criteria. A total of 677 patients were
included in the study. Females predominated with 71.6% (n=485) of cases. Approximately 91.3% (n=618)
of the patients were on antiretroviral therapy versus 8.7% (n=59) who were waiting for treatment.

Incidence of TB

Of the 677 patients included in the study, 104 developed TB disease. The overall TB incidence rate was
therefore 7.7 per 100 PLWHA-years. This incidence is 19.50 per 100 PLHIV pre-ART year, about 2.5 times
the incidence in PLHIV on ART (Table 1). The median age of the PHAs who developed TB was 34 years
(range 18 - 57 years), with females predominating (65.4%). More than half of the PLHIV who developed
TB were in WHO stage III (Figure 1, Table 1). Of the 618 PLHIV on ART, 81 (13.1%) developed TB, 41
(50.7%) during the �rst trimester of follow-up.  Among the 59 patients on pre-ART, 23 (38.98%) developed
TB, 8 (34.78%) of them during the �rst quarter (Figure 2). Table 2 shows a slightly high incidence of TB in
younger PLHIV (18 - 44 years), male PLHIV, PLHIV with CD4  350 and in those with poor adherence.
However, it was very high in WHO stage III and IV PLHIV, PLHIV waiting for antiretroviral treatment and in
PLHIV who had lost weight and/or were bedridden.

Characteristics of PLHIV who developed TB 

Of the 104 PLHIV who developed TB, the median age was 34 years with extremes ranging from 18 to 57
years. As in the original population, the majority were female. More than half of the PLWH who developed
TB were at an advanced stage (III or IV) with a mean CD4 count of 272/mm3 and a median of 229/mm3.
In our series, microscopy-positive pulmonary TB was the most frequent (61.54%, n=64), followed by
microscopy-negative pulmonary TB (25%, n=26) and extra-pulmonary TB (13.46%, n=14).

Risk factors for the occurrence of TB in PLHIV

Young age and gender with all an RR  1; but not signi�cant (p 0.05) are not risk factors for TB. There is
no risk of TB in older PLHIV (RR=0.93, p=0.41) and those with low CD4 counts (RR=0.75, p=0.09). On the
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other hand, the risk of TB is higher in WHO stage III and IV PLHIV (RR=21.96, p 0.05), pre-ART patients
(RR=2.97, p 0.05), patients with poor adherence (RR=3.66, p 0.001) and those who have lost weight.

Discussion
PLHIV at all stages have developed TB. The incidence of TB is 7.68 cases per 100 PLHIV year. Incident
cases are high in patients aged 18 to 44 years (15.74 per 100 PLHIV-year), men (18.75 per 100 PLHIV-
year) and patients with a CD4 less than 350/mm3 (19.01 per 100 PLHIV-year). This incidence is very high
in non-adherent patients (28.57 per 100 PLHIV-years), pre-ART patients (38.99 per 100 PLHIV-years), WHO
stage III and IV patients (61.80 per 100 PLHIV-years) and patients with weight loss (94.28 per 100 PLHIV-
years). Among PLHIV on ARVs, half of the incident cases (n=41/81, or 50.7%) occurred during the �rst
trimester of follow-up. WHO clinical stages III and IV, lack of ART, poor adherence and weight loss were
the risk factors for TB in PLHIV.

This study has limitations. The �rst di�culty of this study is related to missing data due to its
retrospective nature. However, even though the follow-up time was not long, almost a quarter of the HIV-
infected patients (n=144 or 21.27%) had enrolled for treatment when they were already in stage III and IV
of the disease. At the time of data collection, information on the weight of patients was well documented;
however, data on the height of patients was only partially available. This did not allow us to take into
account the body mass index in the study of risk factors. Therefore, information on dietary habits
(tobacco and alcohol) as risk factors was not collected from PLHIV. PLHIV in communal settings
(prisons, IDP sites and others) have a higher risk of developing TB than those living outside these settings
[5,6]. We did not have su�cient information on the place of residence or occupation, or the level of
education. However, according to the literature, precariousness, other infectious diseases, alcoholism and
chronic illnesses are all factors that contribute to the lowering of the immune system and can in�uence
the extra pulmonary spread of TB [5,6].

The incidence of TB, which was high in patients on ART in the �rst quarter of treatment, declined over
time (Figure 2). We believe that the risk of contracting TB in PLHIV decreases as the time to start ART
increases. Koch's bacillus (KB) is most likely already present but quiescent even before HIV infection in a
hyper-endemic TB country like CAR.

The delay in ARV treatment probably facilitates the clinical expression of BK. The high annual incidence
of TB and the predominance of the pulmonary form can be explained by the high prevalence of TB in
CAR, which is predominantly pulmonary between 2008 and 2012 (data from the National TB Control
Programme, 2012 Review, CAR). This high incidence of TB among PLHIV during the �rst quarter of ART is
in line with the results of studies conducted in Côte d'Ivoire [7], Burkina Faso [8-10], South Africa [11,12],
Uganda [13], Niger [14], and the study by Bonnet et al. conducted in �ve countries (Cambodia, Thailand,
Kenya, Malawi and Cameroon) [15]. This high incidence of TB thus re�ects the need to introduce
isoniazid preventive treatment among PLHIV in CAR as soon as ARVs are introduced. The de�ation of
incidence as one moves away from the date of ART initiation was also reported by Foucher and
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colleagues in Niger, who found a regressing incidence (5%) after 6 months of ARV treatment [14].
Dembélé et al. in Burkina Faso reported the same for the decrease in incidence with 2.23 per 100 people
after 180 days, 1.21 per 100 people after 365 days and 0.18 per 100 people after 365 days [9]. The
restoration of the immune system induced by antiretroviral treatment could explain the decline in TB
incidence [16]. In contrast, in Uganda, the incidence of TB in one cohort remained high beyond 365 days
(2.18 per 100 PLHIV) after initiation of highly active antiretroviral therapy [13]. The high prevalence of HIV,
known in the literature as an aggravating factor in TB, would explain this situation in this country [13].
WHO clinical stages III and IV, delay in ARV treatment and low body mass index (BMI ≤ 18.5) or wasting,
considered as risk factors in our study, have also been reported in studies conducted in Niger, South
Africa, Burkina Faso and Uganda [8-14]. Low CD4 T-cell count as a risk factor in some African studies
was not identi�ed as a risk factor in our results [9, 14, 15]. Male sex was considered a risk factor in the
studies by Poda et al in Burkina Faso [8]. In our study the risk was not signi�cant (RR=1.33, p=0.06).
Nationally, as in our study, the female sex among all PLWH was predominant (data from the National TB
Control Programme, 2012 Review, CAR) and the most affected by TB among the 104 PLWH. In contrast to
our data where female HIV-TB co-infected patients were predominant, male predominance of co-
infections was reported in studies conducted in Africa [9,17-19] and Brazil [20,21]. The slightly higher
incidence of TB in men than in women is consistent with the �ndings of Dembélé and colleagues [9].
Incident TB cases in patients with CD4 less than 350/mm3 were higher than in patients with high CD4
( 350/mm3); this is consistent with the literature [9,14]. The majority of PLWH had TB in WHO stages III
and IV combined (85.58%), a result comparable to previous studies [9,14]. Patients with less advanced
WHO stages (I and II) reported TB. This re�ects the fact that due to immunosuppression, TB can occur at
any stage of the disease [22]. The predominance of microscopy-positive pulmonary TB (MPT+), followed
by microscopy-negative pulmonary TB (MPT-) and extra pulmonary TB (EPT), respectively, is in line with
national NTP data from 2008 to 2012, which place MPT+ in �rst position, followed by MPT- and EPT.
Similar results have been found in Africa [10, 17, 23, 24], in contrast to studies in Niger which showed a
predominance of EPT [14,24].

The incidence of TB in pre-ART PLHIV was almost 3 times higher than that of PLHIV on ART. According to
WHO, in the context of monitoring TB/HIV activities, access to ARVs can reduce the incidence of TB in
PLHIV by 50-80%. Similarly, isoniazid preventive treatment when given to PLHIV without active TB
reduces the incidence of TB by 50% (WHO Collaborative Guide for TB/HIV Activities 2004). The incidence
of TB in a study by Dembelé et al. in Burkina Faso where all PLWH were on highly active antiretroviral
therapy was lower than ours [9]. In our study the majority of pre-ART patients developed WHO stage III TB.
The incidence of TB is high in this pre-ART group although they are less numerous than PLWHA on ART.
The absence of ART in some PLWHA (59 or 8.71%) and the advanced WHO stage would explain this high
incidence of TB at the Bangui CNRISTTAR.

Conclusion
Our data showed that PLHIV develop TB at all WHO clinical stages. The incidence of TB is high in
patients waiting for ART, PLHIV in advanced WHO stages, those with weight loss and in the �rst trimester
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of ART treatment. Emphasis should be placed on initiating ART at earlier stages of the disease and
systematically screening PLHIV for TB at entry. This study has highlighted the need to introduce isoniazid
preventive treatment in PLHIV before they are started on ARVs. The aspects mentioned in the limits of
this study must be taken into account not only for a better management of the CNRISTTAR database, but
also for an improvement in the quality of patient care at the center.
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Parameters Number
 (%)

p-
value

TB -

n (%)

TB+

n (%)

IR

(%
year)

IR by group (%
year)

Age (year)*     

18 - 24 62 (09.15)  

 

 

0.03

51(0.91) 11
(10.58)

17.74  

15.74
25 - 34 284

(41.94)
239
(41.72)

45
(43.27)

15.84

35 - 44 226
(33.38)

192
(33.51)

34 (2.70) 15.05

45 - 54 81 (11.97) 69 (12.05) 12
(11.53)

14.82  

13.33
55 - 64 23 (3..9) 21(03.66) 2 (1.92) 8.69

≥ 65 1 (0.17) 1(0.17) 0 (0.0) 0.0

Sex            

Male 192
(28.36)

 

0.35

156(27.23) 36(34.62) 18.75 18.75

Female 485
(71.64)

417(72.77) 68
(65.38)

14.02 14.02

CD4 rate**            

 50 60 (08.86)  

 

0.03

53(09.25) 7 (6.73) 11.66  

14.3950 - 199 165
(24.37)

132(23.03) 33(31.73) 0.2

200 - 349 310
(45.79)

273(47.65) 37(35.58) 11.94

≥ 350 142
(20.98)

115
(20.07)

27(25.96) 19.01 19.01

Clinical stage by
WHO ***

           

I 320
(47.34)

 

0.02

314
(54.80)

6 (5.77) 1.87  

02.82
II 213

(31.46)
204(35.61) 9(8.65) 4.22

III 128
(18.93)

50 (08.72) 77
(75.00)

60.15  

61.80
IV 16 (2.37) 5 (0.87) 12

(10.58)
75.00
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ARV treatment            

Yes  618
(91.28)

 

0.03

537(93.71) 81
(77.88)

13.10 13.10

No 59 (08.72) 36 (06.28) 23
(22.12)

38.99 38.99

Observance****             

Good  657
(97.05)

 

0.004

557(97.21) 100
(96.14)

15.22 15.22

Medium  13 (1.92) 11(01.92) 2 (01.93) 15.38  

23.53Poor  7(1.03) 5 (0.87) 2 (01.93) 28.57

Functional capacity
*****

           

Active 604
(89.21)

 

0.04

566(98.78) 38(36.54) 6.30 6.30

Slimming  70 (10.34) 4(0.69) 66
(63.46)

94.28  

90.42
Bedridden  3 (0.45) 3(0.53) 0 (0.0) 0.0

* = p-value for   18-44 years and  ≥ 45 years

** = p-value for CD4 350 and CD4 350/mm3

*** = p-value for clinical stages group I and II and clinical stages group III and IV of WHO

**** = p-value for observance group good and observance group medium and poor

***** = p-value for active group and slimming and bedridden groups  

IR= Incidence rate 

Table2: Proportional hazard analysis for factors associated with TB incidence
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Characteristics Number 

n (%)

TB+

n (%)

TB-

n (%)

Bivariate analysis Multivariate
analysis 

        RR [95% CI] p RRa [95% CI] p

Young age (years)

18 - 24 62
(17.90)

41
(66.13)

18
(29.03)

-   - -

25 - 30 284
(82.10)

31
(10.92)

255
(89.79)

18.73 [9.60 –
36.53]

<0.001 1.10 [0.80 –
1.57]

**

Older age (years)

31 - 44 226
(68.27)

27
(11.95)

204
(90.27)

-   - -

45 et plus 105
(31.73)

5
(4.76)

96
(91.43)

2.54 [0.94 –
6.80]

0.057 - -

Sex

Male 192
(28.36)

26
(13.54)

166
(86.46)

-   - -

Female  485
(71.64)

78
(16.08)

407
(83.92)

0.81 [0.50 –
1.31]

0.47 - -

CD4 rate

< 350 535
(79.02)

92
(17.20)

443
(82.80)

-   -  

≥ 350 142
(20.98)

12
(8.45)

130
(91.55)

2.24 [1,19 –
4.23]

0.012 3.20 [1.81 –
5.90]

****

Clinical stage by WHO

I & II 433
(63.96)

31
(7.16)

402
(92.84)

-   -  

III & IV 244
(36.04)

73
(29.92)

171
(70.08)

0.18 [0.11 –
0.28]

<0.001 0.55 [0.40 –
0.75]

****

ARV treatment

Before ART 218
(32.20)

91
(41.74)

127
(58.26)

-   -  

ART 459
(67.80)

13
(2.83)

446
(97.17)

24.58 [13.30 –
45.40]

<0.001 7.56 [2.12 –
26.96]

****

Observance

Good  459
(67.80)

33
(7.04)

426
(90.83)

-   - -
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Medium/Poor 218
(32.20)

71
(32.57)

147
(67.43)

0.16 [0.10 –
0,25]

<0,001 0,92 [0,62 –
1,38]

**

Capacité fonctionnelle

Active 504
(74,44)

28
(5,56)

476
(94,44)

-   -  

Grabataire 173
(25,56)

76
(43,93)

97
(56,07)

0,07 [0,04 –
0.12]

<0.001 0.15 [0.12 –
0.95]

***

RR= Risk Ratio ; RRa= Adjusted Risk Ratio ; 95% CI= Con�dence Interval 95% ; p=p-value ;****= p<0.001
;*** = p<0.05 ; **= p>0.05 

Figures

Figure 1

Trends in the occurrence of TB according to WHO stage
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Figure 2

TB cases by quarter and ARV status


