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Abstract
Background: Study done in Ethiopia in Southern Nation Nationality People (SNNP) during 2003 showed the
incidence of TB among those on HAART was lower (3.70 cases of TB per 100 person years) than those, on pre-HAART
(11.1 cases of TB per 100 PYO). Besides being on HAART or pre HAART different socio demographic, substance use
and clinical factors play an important role in developing TB infection among PLHIV. So, the objective of this study was to
assess the effect of HAART on incidence of TB among people living with HIV/AIDS. 1.2 Methods: A retrospective cohort
study was conducted at Assela referral Hospital among patients enrolled on HIV care and support during September
13/2005 to January 30/2011. A total of 412 patients’ record from the HAART and pre HAART group were selected in one
to one ratio by simple random sampling method. Kaplan Meier and proportional cox regression methods were used to
determine the predictor of TB incidence.
Result: The incidence of tuberculosis was 7.02/100 person years (95% CI: 5.02, 9.83) among those on pre HAART
follow up where as it was 3.73/100 person years among those on HAART. Furthermore, individuals on HAART have a
96.8% decrease in risk of tuberculosis, (AHR=0.032; 95% CI: 0.012, 0.082) than those non-HAART individuals. Similarly
CD4 cell count <200 cell/µl and WHO clinical stage III or IV has statistically significant association with TB development
among People living with HIV/AIDS.
Conclusion and recommendation: HAART use decreased tuberculosis incidence among HIV positive individuals.
In addition, CD4 cell count <200 cell/µl and WHO clinical stage III or IV were factors associated with the development
of new TB cases among PLHIV. So, HAART should be started with a higher CD4 cell count and none advanced WHO
clinical stage in order to get maximum reduction of new TB cases among PLHIV.
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Introduction
Tuberculosis (TB), one of the infectious diseases known to affect
humans, is a major cause of death worldwide. It is commonly caused by
Mycobacterium tuberculosis [1]. Tuberculosis and HIV are among the
leading killer infectious disease in the developing world. These diseases
are life threatening by their own, but the risk is becoming more severe
as a large number of people infected with HIV are also infected by TB
[2,3]. In Ethiopia, about 41% TB diagnosed individuals were found to be
HIV positive in 2007 and the TB-HIV co infection rate was 31% in the
same year [3,4]. Highly active antiretroviral treatment (HAART) is the
cornerstone in the management of HIV infection; where the primary
goal is preventing HIV-related morbidity and improving quality of life,
reducing mortality and maximally suppress viral load [5].
Different studies showed use of HAART decreases risk of having
TB among PLHIV [6-9]. A prospective cohort study done in south
Africa revealed that TB incidence was lower among PLHIV taking
HAART than pre HAART; 2.4 versus 9.7 cases of TB per 100 patient
year [10]. Similar Finding was also obtained both in high income and
low income countries showed that PLHIV on HAART had lower
rate of incidence TB as compared to PLHIV on pre HAART care [713]. In Ethiopia studies have showed that, incidence of TB is higher
among patient on pre-HAART than those on HAART. Two different
studies done in South Africa and Southern Nation Nationality People
(SNNP) it was found to be higher in both groups [10,14]. In contrast to
this, study from South Africa reported that HAART doesn’t decrease
incidence TB among treated PLHIV when compared with HIV
negative individuals [15]. Factors associated with TB infection were
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varied and different among People Living with HIV. The first and the
most important are being on treatment using anti-retroviral therapy.
According to meta-analysis done on HAART in developing countries
HAART can significantly decrease TB infection among PLHIV [16].
This finding was also supported by studies done in Brazi, United States
and Denmark [7,9,11,12,17]. Besides, studies has also found that, the
lower base line CD4 cell count and at advanced WHO staging of HIV
of individuals also contributes to the development of TB among PLHIV
[10,12,18-23]. Furthermore lower base line hemoglobin level (<12 g/dl)
and base line Body Mass Index (BMI) less than 18.5 kg/m2 was also
shown to have an association with TB infection [18,21,23,24]. Sociodemographic factors have association with TB infection In addition to
clinical factors. It was found that male sex, patients at older age and
those from urban were at higher risk to develop TB [8,10,18,21-27].
There are contrasting results in association between TB infection and
illicit drug use. According to study done in Brazil, generally illicit drug
uses were found to be associated with increased risk of TB infection
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among PLHIV [25,28]. But another study showed alcohol use, smoking
and chat chewing not associated with development of TB [18].
Generally many of the previous studies done in other countries
reported that HAART use reduces TB incidence among PLHIV, but
there are contrasting result how it can decrease TB infection. Studies
that have been done in Ethiopia focuses predominantly on adherence
to wards HAART and its survival benefit and there is limited evidence
about whether HAART has a significant effect on the incidence TB.
Given that Ethiopia is a country with high HIV–TB co infection; little
was done to address this problem among PLHIV [2,10]. Therefore, the
aim of this study was to assess if there is difference in TB incidence
among PLHIV by their HAART status. In addition this study also
conducted to identify factors associated with TB infection in Assela
referral hospital. So that, it provide an evidence for policy makers and
program managers working on HIV/AIDS and TB programs for better
planning and design of program related to these two diseases.

Method
Study area and population
The study was conducted in Assela referral Hospital which is found
175 kms from Addis Ababa the capital of, Ethiopia. The study enrolled
PLHIV on HAART and pre HAART which were under follow up care
from September 13/ 2005 up to January 30/2011. A total of 3271 PLHIV
on HAART and 2217 PLHIV on pre HAART care were identified. The
study participants were included if they were between 15-64 years
of age. In addition they were diagnosed for HIV between September
13/2005 to January 30/2011. Clients who were tested for HIV at other
health facility (Transfer in), those diagnosed with TB and HIV, PLHIV
taking anti TB at the time of enrollment were excluded from the study.

Sample size determination and Sampling procedure
Sample size was determined using STATA version 12 software
using sample size calculation for cox proportional hazard model. The
80% power, 5% significance level and standard deviation 0.5 were
assumed for sample size calculation. To select study participants first
their medical record number (MRN) and unique ART number of
PLHIV were used from the HIV data base. Finally, study subjects were
selected by simple random sampling method, after the two groups have
been provided an increasing sequential number independently, using
random numbers generated by computer.

Data collection
Data was collected from routinely collected paper based data
primarily for care and treatment of PLHIV in Assela Referral Hospital
ART clinic. Data collection took place from March 11-26/2013 by two
data collectors from Assela Hospital ART clinic. And it was supervised
by health professional from Assela health center ART clinic. Training
was given for both data collector and supervisor on the study objective,
data collection tool and on how to retrieve data from the patient
record. Check list was prepared from intake form, follow up forms
and other clinical records of patient. To check the logical order and
understandability of the questionnaire a pretest was conducted on 5%
of the sample at Assela Health center ART clinic. And data quality was
maintained by close supervisor and some of the questionnaire was
crosschecked with the patient registration.

Statistical analysis
The collected data were coded, entered, cleaned and analyzed in
STATA version 12 (College Station, Texas 77845 USA). Tuberculosis
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free survival probability was determined both unadjusted and adjusted
Kaplan Meier curve. It was calculated by HAART use status and by other
explanatory variables found significant at the log rank test. Incidence
rate of TB was calculated as number of TB cases per 100 person years of
observation (PYO) by HAART use status. The incidence rate between
the two groups was compared by adjusted hazard ratio. To identify
predictors of TB incidence a multivariate Cox proportional Hazard
model was built with purposeful selection of covariates and back ward
elimination method by taking variables with p value ≤ 0.25 during the
bivariate analysis. Variables were retained in the multivariate model
if it showed a significant effect (p value ≤ 0.05) in Wald chi squared
test. Presence of potential confounder was assessed using change in the
coefficients (β). Interaction among variables was checked by creating
interaction terms and using p values from log likelihood ratio test. Plots
of Schoenfeld residuals and tests of Schoenfeld residual using global test
was used to assess the proportionality hazard assumption. DFBETA
were used to handle influential observations. Finally, the sufficiency of
the fitted model to the survival data was checked using Nelson Aalen
cumulative hazard estimator for Cox-Snell residuals.
Survival analysis for PLHIV on HAART was the time from
registration on the ART log book till date of TB diagnosis, (LTFU) or
drop out, death, transfer to other health facility (TO) or the person was
alive and the study ended which ever come first. Similarly for PLHIV
on pre HAART follow up were the time from registration in the pre
HAART log book until TB diagnosis, LTFU (drop out), dead, TO, or a
person was alive and the study ended.

Ethical clearance
Ethical clearance was obtained from Mekelle University (MU)
College of Health Science (CHS) Ethical Review Committee. Formal
letter for cooperation was secured from Oromiya Regional Health
Bureau and Administration office of Assela referral Hospital. Each
study subjects’ record was coded and on the data collection tool patient
name and personal address was not written.

Results
Baseline characteristics of study subjects
A total of 412 PLHIV, 206 from the pre HAART care and 206
on HAART were included in the study. From the study subjects on
HAART 105 (50.97%) of them were female and the corresponding
number for pre HAART were 141 (68.45%) (Table 1). Besides this, a
majority of the study subjects in both group was in the age group of 3039 years 98 (47.57%) and 85 (41.26%) in the HAART and pre HAART
group respectively. Furthermore, a majority, 135 (65.53%), of study
subjects on HAART had a CD4 cell count of <200 cells/µl whereas 109
(52.91%) of study subjects on pre HAART had a CD4 cell count of ≥
350 cells/µl (Table 1). A higher number of study subjects, 149 (72.33%)
on HAART were categorized under WHO clinical stage III or IV
while, 164 (79.61%) of study subjects on pre HAART follow up were
categorized under WHO clinical stage I or II (Table 1).

Incidence rate of TB by HAART use
Study subjects on HAART were followed for 34.38; (IQR=50.8013.23) months, while those on pre HAART were followed 26.45;
(IQR=41.86-11.33) months in average. During this period 22 new case
of TB was diagnosed from total of 589.98 person year from HAART
group. Similarly 34 new TB case were diagnosed from the total 484.18
person year. Accordingly the incidence rate of TB among HIV positive
individuals on HAART was 3.73 cases of TB per 100 PYO while it was

Volume 5 • Issue 3 • 1000156

Citation: Abebe A, Etana B, Tsadik M, Terefe W (2014) Assessing the Effect of Highly Active Anti-Retroviral Treatment and Associated Factors
on Incidence of Tuberculosis among Adult HIV Positive Individuals in Assela, Ethiopia. J Health Med Informat 5: 156. doi:10.4172/21577420.1000156

Page 3 of 5
Variable

HAART n (%) Pre HAART n (%) Total n (%)

Sex
Age

Male

101 (49.03)

65 (31.55)

166 (40.29)

Female

105 (50.97)

141 (68.45)

246 (59.71)

15-29

45 (21.85)

72 (34.95)

114 (27.67)

30-39

98 (47.57)

85 (41.26)

186 (45.15)

>39
CD4 cell count <200
(in cells/µl)
200-349
≥ 350
WHO clinical
STAGE

63 (30.58)

49 (23.79)

112 (27.18)

135 (65.53)

11 (5.34)

146 (35.44)

64 (31.07)

86 (41.75)

150 (36.41)

7 (3.40)

109 (52.91)

116 (28.15)

Stage III or IV 149 (72.33)

42 (20.39)

191 (46.36)

Stage I or II

164 (79.61)

221 (53.64)

57 (27.67)

Table 1: Baseline characteristics of PLHIV on HAART (n=206) and pre HAART
(n=206) enrolled in Assela referral Hospital, January30/ 2013.
Variable
Use
HAART

TB
Median follow up in Follow up time Incidence TB cases per
Cases months (IQR)
in person year 100 PYO with 95% CI
Yes 22

34.38 (50.80-13.23) 589.98

3.73 [2.46,5.66]

No

26.45 (41.86-11.33) 484.18

7.02 [5.02,9.83]

34

Table 2: Incidence rate of TB by HAART use among PLWHA enrolled in Assela
hospital, January 30/2013 (n=412).
Variable
HAART status
CD4 cell count
(in cells/µl)

CHR [95% CI]

AHR [95% CI]

Pre HAART

1

1

On HAART

0.561 [0.324, 0.972]* 0.032 [0.012, 0.082]**

<200

1

201-349

0.29 [0.15, 0.57]**

0.044 [0.016, 0.120]**

≥ 350

0.62 [0.34, 1.15]

0.053 [0.018, 0.149]**

WHO clinical stage Stage I or II

1

Stage III or IV 2.64 [1.51, 4.63]**

1

1
6.290 [3.345, 11.828]**

**Significant at p value <0.01, *Significant at <0.05
Table 3: Factors associated with time to incidence TB at the bivariate and
multivariate cox regression.

7.02/100 person year among individuals on pre HAART follow up
(Table 2).

Free TB survival by HAART use
Figure one shows the probability of TB free survival for PLHIV.
After adjusting for sex, CD4 count, residence and WHO staging.
The probability of TB free survival was lower among patients on
pre-HAART care than those on HAART. The probability of free TB
survival for PLHIV on HAART was stabilized nearly at 86% while the
corresponding probability of free TB survival for PLHIV on the pre
HAART continued dropping starting from the twentieth month up to
the end of follow up reaching 50% (Figure 1).

Associated factors with time to develop TB
Multivariate Proportion Hazard model showed that, PLHIV who
were on HAART had 96.8% lower rate of developing TB as compared
to PLHIV on pre HAART care by controlling the effects of WHO
clinical stage and CD4 cell count of the study subjects (AHR=0.032;
95% CI:0.012,0.081). Similarly PLHIV presented with WHO clinical stage
III or IV at base line were developing TB at a rate of 6.29 times higher risk
than base line WHO clinical stage I or II keeping the effect of HAART use
and CD4 cell count constant (AHR=6.29; 95% CI:3.345,11.828) (Table 3).
However, those who had a base line CD4 count 200-349 cells/µl and ≥ 350
cells/µl had 95.6% and 94.7% lower risk of developing TB as compared to
their counterparts. Keeping the effect of HAART use and WHO clinical
stage constant (AHR=0.044; 95% CI: 0.016, 0.120) and (AHR=0.053;
95%CI: 0.018, 0.149) respectively (Table 3).
J Health Med Inform
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Discussion
This study was done to assess the effect of HAART on incidence
and free TB survival and associated risk factors among adult PLHIV
under chronic HIV care in Assela referral hospital Ethiopia. We found
that the incidence rate of TB is lower among PLHIV on HAART as
compared to PLHIV on pre HAART. This result is in agreement with
studies conducted in SNNP of Ethiopia at Arbaminch Hospital and in
South Africa where the incidence rate of TB for PLHIV on HAART
were lower than the corresponding incidence rate of TB among PLHIV
on pre HAART care [10,14]. The decrease in incidence rate of TB is
because use of HAART is associated with a marked increase in survival
of PLHIV, as it improves immune condition and decreases risk of
opportunistic infection [6].
Others similar findings with our study were obtained in high
income countries; United States and Denmark [9,12]. The study in
United State reported that, incidence rate of TB among PLHIV on
HAART (135 cases of TB per 100,000 PYO) were significantly lower
than the incidence rate of TB among PLHIV on pre HAART (212 cases
of TB per 100,000 PYO) [9]. Similarly findings from Denmark showed
that incidence rate of TB among PLHIV on HAART (6.5 cases of TB
per 1000 PYO) were lower than the incidence among the pre HAART
(37.1 cases of TB per 1000 PYO) [12].
But as compared to both studies from Denmark and United States
[9,12], higher number of incidence rate of TB was observed in both
groups in the current study. This may be because the current study was
conducted in the state of high TB burden country, where Ethiopia is
among the 22 HBC of TB in the world [2]. But as described in other
study [13,20], small number of TB incidence among PLHIV in HBC
of TB can be achieved by early initiation of HAART and integration
with IPT [6,16], which will bring restoration of the immune system
and suppression of latent TB infection resulting in good TB control.
This can be further improved by long term use of HAART where the
TB incidence rate will be lowered to less than 1 cases of TB per 100
PYO [20].
When we see the incidence rate of TB for PLHIV on HAART in
our study in relation with other studies, it is comparable with finding
from SNNP of Ethiopia (14). However, the incidence rate is higher
when compared to the findings from South Africa (2.4 cases of TB per
100 PYO). This difference might be due to 72.33% of study subjects on
HAART in the current study were presented with WHO clinical stage
(III or IV) while only 46% of the study subjects, from South Africa,
were presented with WHO clinical stage (III or IV) [10].
In our study although PLHIV enrolled on pre HAART care had
relatively higher incidence rate of TB than those on HAART. This
finding is lower when compared with finding from SNNP of Ethiopia
(and South Africa (9.70 cases per 100 PYO) [10,14]. This might be due
to majority of PLHIV on pre HAART in our study were presented with
WHO clinical stage I or II (79.61%). But, study participants of those
from SNNP of Ethiopia were majorly presented with WHO clinical
stage III [14]. Similarly, majority of PLHIV on pre HAART in our
study had a baseline CD4 cell count ≥ 350 cells/µl, while those from
the South African study had a CD4 cell count of <350 cells/µl at base
line [10].
Regarding the free TB survival, the probability of free TB survival
was higher for PLHIV on HAART as compared to PLHIV on pre
HAART care. This result is consistent with the findings from SNNP
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Figure 1: Survival curves by HAART use for CD4 cell count, sex, residence, WHO clinical stage.

of Ethiopia, South Africa and two studies from Brazil [6,10,14,17]. The
better free TB survival for PLHIV on HAART might be due to; persistent
inhibition of HIV viral replication that results immune boosting and
protection from TB infection. But for PLHIV on pre HAART as they
stayed long time on pre HAART care their immunity become depleted
and leads to increase in incidence TB from the latent TB infection [1,5].
Moreover the decrease in probability of free TB survival among PLHIV
on pre HAART might be due to recent transmission of TB.

TB survival as compared to pre HAART CD4 cell count <200 cells/
µl, being on pre HAART care and WHO clinical stage III or IV were
the independent risk factors for developing TB. So HAART should be
started with a higher CD4 cell count and none advanced WHO clinical
stage in order to get maximum reduction of incidence TB with strong
evaluation of its cost effectiveness and issue of adherence. TB Screening
should be done for all PLHIV, but special focus is needed for PLHIV
with the risk factors identified in this study.

Generally, the current study has identified that PLHIV on HAART
had lower rate of developing TB as compared with PLHIV on pre
HAART. The result is consistent with previous study reports from
SNNP of Ethiopia, South Africa and Brazil [10,11,14]. However, the
decrease in TB incidence among PLHIV on HAART in our study is
higher than the decrease in high income countries (six European
countries and United States) [7]. This might be due to low TB incidence
in the general communities and low previously un-diagnosed TB
among PLHIV in high income countries limits the effect of HAART [9].
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Conclusions and Recommendations
In general HAART use was found to decrease tuberculosis
incidence. People living with HIV/AIDS on HAART had better free
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