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Introduction

Human immunodeficiency virus/acquired immunodeficiency
syndrome (HIV/AIDS) is a globally spread disease, with cases
reported from virtually every country. At the end of 2016, an
estimated 36.7 million individuals were living with HIV infection,
according to the Joint United Nations Program on HIV/AIDS
(UNAIDS) (1). The recent 2016 EDHS revealed that among
women and men aged 15--49 years in Ethiopia, 0.9% are living
with HIV; the prevalence of HIV is higher among women than
among men (1.2% versus 0.6%). The urban prevalence is 4.2%,
which is seven times higher than that of rural areas (0.6%). The
prevalence of HIV ranges from less than 0.1% in Somalis to 4.8%
in Gambela (2,3). Tuberculosis, the most common respiratory
system opportunistic infection, is a common cause of morbidity
and mortality in patients infected with HIV living in resource-
limited countries. The lifetime risk of HIV-positive individuals
developing TB is 20-37 times greater than that of HIV-negative
individuals. (5). In Ethiopia, the TB/HIV co-infection rate reported
in a national study was 40%-50% (6). The human immune
deficiency virus (HIV/AIDS) has substantially altered the
epidemiology of TB by increasing the risk of reactivating latent
TB, increasing the chance of TB infection once exposed to
tubercle bacilli and increasing the risk of rapid progression soon
after infection (7,8). When active TB occurs in HIV patients,
worsening HIV-related deficiency is common, facilitating the
progression of other opportunistic infections, such as Candida
albicans esophagitis, Cryptococcus meningitis and, particularly,
Pneumocystis jirovecii (formerly P. carinii pneumonia). These
opportunistic infections may be lethal. If so, TB is indirectly
responsible for death. In addition, TB has been found to be
directly responsible for an average mortality rate of 30% among
HIV/AIDS patients in many reports (9,10). Although antiretroviral
treatment (ART) has revolutionized the care of HIV-infected
individuals, with dramatic reductions in morbidity and mortality
and a 70-90% reduction in tuberculosis incidence rates among
people receiving ART, TB continues to occur. Studies across
regions have consistently documented high TB incidence in the
first months of ART (8, 11-14). In most cohorts, the incidence of
TB declined thereafter but remained higher than the background
TB incidence rate in the general population, even after years of
receiving ART (5, 8, 11-16). Understanding the incidence and risk
factors for active TB over time in patients on ART is crucial for the
design of effective preventive strategies. This study aimed to

determine the incidence and associated factors of tuberculosis in
HIV-infected patients on HAART at Ayder Comprehensive
Specialized Hospital, ART Clinic, Mekelle, Ethiopia (4).
Tuberculosis is the most common respiratory opportunistic
infection in individuals infected with HIV. It is associated with a
significant burden of morbidity and mortality by influencing the
natural history of HIV infection and facilitating the progression of
the disease from asymptomatic to clinically evident AIDS and
even death. Mechanisms such as generalized immune activation
increase the proportion of CD4+ T cells that are preferential
targets for HIV by significantly increasing plasma HIV viremia viral
loads and increasing the expression of HIV co-receptors such as
CCR5 and CXCR4. These paths are important markers of
advanced AIDS and/or treatment failure in those taking HAART.

Initiation of HAART prevents the risk of incident tuberculosis by
approximately 50-70%, and furthermore, together with isoniazid
preventive therapy, the protective effect might reach up to 90%
(17). Despite HAART initiation, tuberculosis continues to occur in
HIV-infected patients, particularly in low-income and sub-Saharan
areas. The clinical manifestation of incident TB is largely
dependent on the level of immunosuppression. Patients with
significant immunosuppression and low CD4 counts tend to
develop extrapulmonary or disseminated tuberculosis, whereas
those with early HIV disease and higher CD4 counts present like
HIV-negative patients, with cavitory lesions being common. The
incidence of tuberculosis is greater in the first few months after
initiation of HAART, possibly because of unmasking hidden
inflammation due to immune reconstitution. Even though the
incidence of TB in HIV patients is relatively high in developing
nations, it is also not uncommon in developed nations. A study on
the incidence of tuberculosis among HIV-infected patients
receiving HAART in Europe and America revealed 13.1 cases per
1000 PYFU in the first 3 months and an overall incidence of 4.7
cases per 1000 PYFU. Similarly, a retrospective cohort in Indian
private health facilities revealed an overall incidence of 1.85
cases per 100PY, with the highest incidence occurring in the first
6 months after the initiation of HAART (24.32 cases per 100PY).

In Africa, particularly the sub-Saharan region, the problem has
widened and is associated with significant socioeconomic and
health impacts, with high death rates, including in Ethiopia.
Different studies performed in different areas of Africa still
revealed a significant burden of tuberculosis in HIV patients. For
example, the incidence rates in South Africa, Cote de Ivor, and
Burkina Faso were 12.4, 4.8, and 5.77 PYFU, respectively, with
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obviously different sample sizes and durations of follow-up. In
Ethiopia, there are different studies showing the significant
occurrence of tuberculosis in HIV patients in different parts of the
country, such as a meta-analysis on the effect of HAART on the
incidence of tuberculosis, which was 10.3 PYFU, and another
study in Zewditu Memorial Hospital, A. A., reported a 3.1PYFU
incidence, with a higher incidence in a retrospective cohort in
Africa, with 8.6/100PY (7, 18, 19). Overall, the increased
incidence of tuberculosis in HIV patients despite receiving
HAART is one of the hotspot areas where urgent and coordinated
strategies and interventions are needed to halt mortality related to
TB/HIV co-infection.

Methods

Study design, setting, and participants

The study was conducted at the Antiretroviral Therapy (ART)
Clinic of Ayder Comprehensive Specialized Hospital (ACSH) from
January 1, 2002, to July 30, 2012 E.C. ACSH is a teaching and
referral hospital under Mekelle University, College of Health
Sciences, located in Mekelle, the capital city of the Tigray
Regional State, approximately 783 km north of Addis Ababa,
Ethiopia. The hospital serves more than nine million people
residing in Tigray, Afar, and the northeastern parts of the Amhara
Regional State, as well as patients from neighboring Eritrea. It
provides comprehensive inpatient and outpatient services to
patients of all age groups and is recognized as one of the most
advanced healthcare facilities in northemn Ethiopia.

ACSH has a capacity of approximately 500 inpatient beds and
offers a wide range of specialized clinical services, including
adult, pediatric, and neonatal intensive care units; medical and
surgical services; emergency care; obstetrics and gynecology;
pediatrics; pathology; psychiatry; dermatology; physiotherapy;
radiology; and various subspecialty clinics. The hospital is
equipped with advanced diagnostic and treatment facilities,
including CT scan, MRI, digital X-ray, ultrasound, endoscopy,
bronchoscopy, echocardiography, and cardiac catheterization
services. Healthcare services are provided by multidisciplinary
teams comprising subspecialists, specialists, residents, general
practitioners, nurses, laboratory professionals, pharmacists, and
support staff. The ART clinic began providing HIV care and
treatment services in January 2002 E.C. At the time of the study,
the clinic was staffed by five trained Bachelor of Science nurses,
three case managers, two adherence supporters, two data clerks,

and one senior internist. To facilitate comprehensive HIV care,
the clinic had dedicated laboratory and pharmacy services for
patients receiving antiretroviral therapy.

Sample size and sampling procedure

All adult people living with HIV (PLHIV) who were enrolled in HIV
care and initiated HAART at the Ayder Comprehensive
Specialized Hospital (ACSH) ART Clinic between January 2002
and May 2012 E.C. were assessed for eligibility. A total of 2,832
patients were enrolled in care during the study period. Of these,
1,464 patients were excluded from the analysis due to transfer
out (n = 807), death (n = 356), treatment discontinuation (n =
140), pediatric age (<18 years; n = 91), or loss to follow-up (n =
70). Consequently, 1,368 eligible adult HIV patients who were
actively followed up at the ACSH ART Clinic were included in the
retrospective cohort analysis. During the follow-up period, 22
patients developed tuberculosis (TB), while the remaining 1,346
patients were censored at their last recorded clinic visit (Figure 1).

2832 patients were enrolled to the care since service
started on January 2002 E.C
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Figure 1: Flowchart illustrating the selection of study participants
and follow-up outcomes among adult HIV patients receiving
HAART at Ayder Comprehensive Specialized Hospital (ACSH),
Mekelle, Ethiopia

Operational definitions and measurement

Incident Tuberculosis: The development of tuberculosis
following one month of HAART initiation through sputum AFB,
chest X-ray, culture, biopsy or clinical examination.

Prevalent Tuberculosis: Tuberculosis before or within 1 month
of HAART initiation is considered prevalent TB.

Anemia was defined as a fetus when hemoglobin was less than
12 g/dl (26).
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CPT use: Patient taking or taking cotrimoxazole prophylaxis
therapy as per the indication at any time during the course of
follow-up

IPT use: Patients who had been receiving or received isoniazid
prophylaxis therapy for at least 1 month in the past 3 years from
the last visit

Patients who were followed up at ACSH or the ART clinic initially
and whose follow-up was changed to other health facilities were
excluded.

Drop: Refers to a patient who has not responded to X number of
follow-up contacts after X

number of months of not being seen by a health worker (number
and quality of follow-up contacts and duration of time to be
agreed upon at the country level). If no national

decision has been made, consider using three months initially
(27).

Lost to follow-up: A patient who had elapsed >180 days since
her last visit to the clinic (28).

Baseline hemoglobin: the initial hemoglobin count, which is
performed while the patient is enrolled in care

Baseline CD4 count: the initial CD4 count performed while the
patient is receiving care.

Data collection tool, measurement, and quality control
Quantitative data were collected by two trained data clerks
through a review of patient charts, SmartCare records, and data
storage software available in the ART clinic. A structured data
collection tool, prepared in English and designed specifically to
address the study objectives, was used to extract the required
information. Patient charts and adherence support records were
also reviewed to supplement the data. The data collection tool
consisted of three sections: the first captured participants’
sociodemographic characteristics, the second assessed clinical
parameters, and the third recorded immunohematological and
medication-related information. Patient records were retrieved
using medical registration numbers and unique ART identification
numbers from the clinic database.

To ensure data quality, the principal investigator closely
supervised the data collection process and verified adherence to
the established inclusion criteria. The collected data were
regularly reviewed for completeness, consistency, and accuracy
throughout the study period. Any discrepancies or missing
information identified during the review process were addressed
promptly to maintain the reliability of the data.

Data processing and analysis

After thorough review and verification, the collected data were
coded and entered into Microsoft Excel 2016 before being
exported to STATA version 14.1 for statistical analysis.
Descriptive statistics were used to summarize the data, including
frequencies, percentages, and measures of central tendency for
univariate analysis. Associations between dependent and
independent variables were assessed using bivariate and
multivariable Poisson regression analyses. Variables with a p-
value of less than 0.20 in the bivariate analysis were included in
the multivariable Poisson regression model. The strength of
associations was estimated using incidence rate ratios (IRRs),
and statistical significance was determined at a 95% confidence
interval with a p-value of less than 0.05. Tuberculosis (TB)
incidence rates were calculated by dividing the number of new TB
cases by the total person-years at risk and expressed per 100
person-years (PY). Kaplan-Meier survival analysis was employed
to estimate the probability of TB-free survival over time, and the
findings were presented using tables and graphical displays.

Results

Sociodemographic and economic characteristics
Until the end of the enrollment day, which is May 30, 2012E. C. A

total of 2832 HIV patients were included in the study, and 1464
HIV patients were excluded from the study (91 pediatrics, 807
transferred out, 356 dead, 140 dropped and 70 lost to follow-up);
ultimately, 1368 adult HIV patients were included.

Patients are censored while they develop tuberculosis and those
with no tuberculosis at their last visit. Continuous variables are
expressed as medians with IQRs, and categorical variables, such
as proportions and risk factors for tuberculosis incidence, were
analyzed via Poisson regression due to the small number of TB
cases.

We grouped some of the independent variables to make analysis
easy. Baseline hemoglobin was classified as anemia (Hgb below
12 g/dl) or no anemia (Hgb of 12 and above), and the baseline
CD4 count was classified as <200 cells/micL, 200-350 cells/micL
or above 350 cells/micL. Similarly, WHO stage at enroliment and
baseline BMI were classified as early and advanced (stage | and
Il and stage Ill and 1V), underweight (BMI below 18.5 kg/m2),
normal (18.5-24.99 kg/m2), overweight (25-29.99 kg/m2) or
obese (BMI above 30 kg/m2). The baseline characteristics of the
study participants are shown in Table 1.

https://mjh.sphmmc.edu.et/

Millenn. j. health. 5(2), July 31, 2026


https://mjh.sphmmc.edu.et/

The median age of the study participants was 42 years (IQR=35-
49), and the majority 530(38.74%) were above 45 years of age.
Among a total of 1368 participants, more than half 803(58.7%)
were female. More than 3/4 of the study participants
1084(79.24%) were from Mekelle city, while the rest were from
Mekelle city. The majority, more than 1/3 of the participants, were
married 471(34.43%), and those who were widowed accounted
for the smallest percentage 72(5.26%). Even though the
employment status of more than 3/4 of the participants was not
known, 12.13% of the remaining participants were employed.

With respect to clinical status, approximately half of the study
participants 693(50.66%) were in advanced stages (stage Ill and
IV) during enroliment. Considering preventive strategies, 1006
(73.54%) and 566 (41.37%) participants were provided with
cotrimoxazole and isoniazid preventive therapy, respectively.
Among the participants, approximately half ( 684 (50.22)) were on
the tenofovir-lamivudine-Efavirenz  (TDF-3TC-EFV) regimen
during the data collection. Similarly, a total of 109 (7.96%)
participants were on second-line regimens.

Among the 1368 patients, 69 (5.04%) were presented with
previous tuberculosis or tuberculosis during 1 month of
enrollment (prevalent tuberculosis). We also found that the
median baseline hemoglobin level was 13.4 g/dl (IQR=12-14.7),
and low hemoglobin was significantly associated with incident TB
according to bivariate analysis. Similarly, the median BMI was
19.56 kg/m2 (IQR=17.47-22.31). Among the total participants,
nearly half (666(48.68%)) of the patients started ART with a CD4
count of less than 200 cells/micL, with a median of 207
(IQR=101--364).

Over a total follow-up of more than 10 years, the minimum and
maximum follow-up times were one month and 16 years and five
months, respectively, resulting in a median follow-up time of 6.5
years (IQR=3.58-9.25), and tuberculosis occurred in 22 patients,
with pulmonary TB accounting for 13/59.09% of those patients.
Baseline  sociodemographic, clinical, and immunologic
characteristics of patients is shown in Table 1.

TB incidence rates
During a total of 8960.71 person-years of follow-up, TB
developed in 22 patients (1.61%), accounting for an overall

incidence rate of 0.25 per 100 person-years of follow-up (95% CI:
0.16-0.37), and the majority (13/59.09%) had pulmonary TB. The
median age of patients with incident TB was 42 years (IQR=35-
51), and the majority (15/68.18%) were male. Most TB incidents
occurred within the first year of follow-up with ART 8(36.36%),
with an incidence rate of 16.52 cases per 100 person-years of
follow-up (95% Cl: 8.26-33.05), and the incidence rates
decreased after that year, with 3.04 (95% Cl: 1.14-8.12) and 0.74
(95% ClI: 0.18-2.98) per 100 person-years of follow-up at the end
of the second and third years of follow-up, respectively.

Determinants of incident TB

In the bivariate analysis, male sex, residency out of mekelle,
being employed, advanced WHO stage (stage Il and V),
baseline hemoglobin level below 12 g/dl or anemia, baseline CD4
count below 200 cells/micL, prevalent Tb and no IPT were
associated with an increased risk of incident TB. On the other
hand, low baseline BMI and advanced age were not associated
with an increased risk of TB. However, in the multivariate Poisson
regression analysis, only male sex, being employed, WHO stage
Il and IV and being outside the Mekelle were significantly
associated with an increased risk of TB, with P values <0.05.
Factors associated with incident TB among HIV patients on
HAART are summarized in Table 2.

Accordingly, in multivariate analysis, being male was associated
with a 2.83-fold greater risk of developing tuberculosis than being
female (incidence rate ratio (IRR): 2.83, 95% CI 1.01-7.89 and
P=0.046). Those patients from outside of the mekelle were 3.75
times more likely to be at greater risk at any time than patients
who resided in the mekelle were (IRR: 3.75, 95% CI 1.29--10.92
and P=0.015). Patients who are employed are 2.35 times more
likely to develop tuberculosis than those who are unemployed are
(IRR 2.35, 95% CI; 1.31-4.23 and P=0.004). Patients with
advanced WHO clinical stage disease at enrollment were 3.9
times more likely to have tuberculosis than patients with WHO
stage | or Il disease were (IRR: 3.9, 95% CI 1.09--13.98;
P=0.036).
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Table 1: Baseline sociodemographic, clinical and immune-laboratory characteristics of adult HIV patients receiving HAART in ACSH,
ART clinic, January 2002-May 2012EC

Characteristics Frequency % Incident TB No incident TB
Overall (1368) (N=22) (N=1346)
Age (years) Median(IQR) 42(35-49)
18-24yrs 271 19.81 4 267
25-34yrs 51 371 0 51
35-45yrs 516 37.72 9 507
Above 45yrs 530 38.74 9 521
Gender
Male 565 41.3 15 550
Female 803 58.7 7 796
Address
Mekelle 1084 79.24 7 1077
Out of Mekelle 284 20.76 15 269
Marital status
Never married 175 12.79 2 173
Married 471 34.43 10 461
Widowed 72 5.26 1 71
Divorced 213 15.57 6 207
Not mentioned 437 31.94 3 434
Employment status
Unemployed 131 12.13 0 131
Employed 166 9.58 15 151
Unknown 1071 78.29 7 1064
WHO stage at enrolment
Stage | & I 675 49.34 4 671
Stage Il & IV 693 50.66 18 675
CPT use
Yes 1006 73.54 17 989
No 362 26.46 5 357
IPT use
Yes 566 41.37 4 562
No 802 58.63 18 784
ART regimen ( current)
AZT-3TC-NVP 22 1.61 0 22
AZT-3TC-LPVIr 47 3.44 2 45
TDF-3TC-EFV 687 50.22 10 677
TDF-3TC-DTG 476 34.8 5 471
TDF-3TC-ATVIr 60 4.39 1 59
Others 76 5.54 4 72
Prevalent TB
Yes 69 5.04 5 64
No 1299 94.96 17 1282
Forms of TB
Pulmonary 13 59.09
Extra pulmonary 9 40.90
Baseline BMI(kg/m2) Median (IQR) 19.56(17.47-22.31)
<185 525 38.38 8 517
18.5-24.99 697 50.95 10 687
25-29.99 122 8.92 3 119
>30 24 1.75 1 23
Baseline Hgb(gm/dl) Median( IQR ) 13.4(12-14.7)
<12gm/dl 213 24.68 12 201
>/=12gm/dl 650 75.32 10 640
Baseline CD4 count (cells/pl) Median (IQR ) 207(101-364)
<200 666 48.68 17 649
200-350 335 24.49 2 333
>350 367 26.83 3 364
Duration on follow up(years) median(IQR) 6.5(3.58-9.25)
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The present study also revealed that patients with a low
baseline hemoglobin count (<12 g/dl), prevalent Tb,
baseline CD4 count<200 cells/micL and no IPT were 3.66,
5.53, 3.12 and 3.17 times more likely to develop TB than
patients with no anemia, no prevalent TB, a CD4 count
above 200 cells/micL and those who were provided
isoniazid preventive therapy (IRR: 3.66, 95% CI 1.58--8.47),
(IRR: 5.53, 95% Cl 2.04--15.00), (IRR: 3.12, 95% CI 0.91--
10.65) and (IRR: 3.17, 95% Cl 1.07--9.38), respectively, in
the bivariate analysis; however, these findings were not
significant in the multivariate analysis.

The cumulative survival rates or proportions of TB-free HIV
patients at 1, 2 and 3 years were 0.9940, 0.9916 and
0.9890, respectively. In terms of survival curves, there was
significant variation between males and females (P= 0.011),
employed and unemployed individuals (P<0.0001), Mekelle
and out of Mekelle individuals (P=0.017) and advanced and
early WHO clinical stages (P=0.008).
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Figure 2: Kaplan-Meier curve of the TB survival rate of people
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Figure 3: Kaplan-Meier survival estimates for incident
tuberculosis (TB) events stratified by (A) sex, (B) employment
status, (C) residential address, and (D) World Health
Organization (WHO) clinical stage.

Discussions

Ethiopia is one of the high TB/HIV burden countries with the
co-infection rate of 40-50% (4). In our study the overall
tuberculosis incidence in adult HIV patients actively
following in the ART clinic was 0.25 cases per 100 PY of
observation. This finding is in line with those reports from
Europe and Africa. In Northern Tanzanian cohort from three
regions, the overall TB incidence rate was 2.08 cases per
1000 PY of observation (22). Likewise, in 12 cohorts from
Europe and America cumulative incidence of TB in HIV
patients on HAART was 4.69 cases per 1000PY (95% ClI:
3.99-5.39) of observation (13). Similarly, retrospective

cohort in Israel showed incidence rate of 6.9 cases per

1000PY (95% CI: 1.8-12) of observation (29). Other two
Nigerian cohorts also showed 7.43 cases per 1000 PY (95%
Cl: 13.10-23.21) and 0.57 cases per 100 PY of observations
of incident tuberculosis (9)(30). However, the incidence
density in our study is lower than those studies done in
other parts of Ethiopia, South-African cohorts and India. The
studies in Addis Ababa, Debre-Markos, Arba-Minch and
Afar of Ethiopia with follow up years ranging from 5-10years
showed incidence rate of 1.44, 6.5, 3.7 and 8.6 cases per
100 PY of observation respectively (7,19,25,31). In South-
African cohorts and western India incidence rates were 3.5
and 1.85 cases per 100 PY of observation respectively (12,
14). The low incident rate in our cohort could be due to
availability of better preventive, diagnostic and treatment
strategies in study area. The other reason could also be due
to the longer duration of follow up (more than 10 years) in
our cohort.

We also revealed that the higher incidence of tuberculosis
was seen in the early period after ART initiation (within 1
year of ART initiation) which is consistent with similar
studies in the country and other African countries and
continents. The study in Debre-Markos showed 14.4% TB
incidence rate, 53.03 cases per 100 PY in AA study,
57.14% of incident TB in Afar, 52% in rural Uganda and
cohorts from Europe and America, the first year after
initiation of HAART than other subsequent years. The
reason for early occurrence of majority of incident
tuberculosis could be due to late presentation of patients to
the enrollment might lead to get new infection or immune
reconstitution inflammatory response (IRIS) after initiating
HAART.
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Table 2: Bivariate and Multivariate Poisson-regression analysis of determinants of incident TB in adult HIV patients on HAART in
ACSH, ART clinic January 2002-July 2012E.C

Characteristics Bivariate analysis Multivariate analysis
IRR (95% ClI) P-value IRR (95% Cl) P-value

Age (years) (ref: 18-24yrs)

25-34yrs 1.30(0) 0.989

35-45yrs 1.18(0.36-3.83) 0.781

Above 45yrs 1.15(0.35-3.73) 0.816
Gender (ref: female)

Male 3.04(1.24-7.46) 0.015 2.83(1.01-7.89) 0.046
Address (ref: Mekelle)

Out of Mekelle 8.17(3.33-20.06) <0.0001 3.75(1.29-10.92) 0.015
Marital status (ref: never married)

Married 1.85(0.40-8.47) 0.424

Widowed 1.21(0.11-13.40) 0.874

Divorced 2.46(0.49-12.21) 0.269
Employment status (ref: Unknown)

Unemployed 2.21e(0) 0.983

Employed 13.82(5.63-33.90) <0.0001 2.35(1.31-4.23) 0.004
WHO stage at enroliment (ref: stage | & II)

Stage Il & IV 4.38(1.48-12.95) 0.008 3.90(1.09-13.98) 0.036
CPT use (ref: yes)

No 0.81(0.30-2.21) 0.692
IPT use (ref: yes)

No 3.17(1.07-9.38) 0.037 2.01(0.65-6.21) 0.224
Prevalent TB (ref: No)

Yes 5.53(2.04-15.00) 0.001 1.43(0.47-4.70) 0.552
Baseline BMI (kg/m2) (ref: 18.5-24.99)

<185 1.06(0.41-2.69) 0.899

25-29.99 1.71(0.47-6.22) 0.413

>30 2.90(0.37-22.68) 0.309
Baseline Hgb (gm/dl) (ref: above 12)

<12gm/d| 3.66(1.58-8.47) 0.002 2.06(0.82-5.16) 0.120
Baseline CD4 count (cells/ul) (ref: CD4>350)

<200 3.12(0.91-10.65) 0.108 1.17(0.59-2.30) 0.647

200-350 0.73(0.12-4.37) 0.731
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Regarding the determinants of incident Tb, our study
revealed in multivariate Poisson regression that male
gender, address out of Mekelle, patients who are employed
and advanced WHO clinical stages (lll and IV) were found
to be statistically significant risk factors.

In our study male gender was significantly associated with
risk of TB which is consistent with studies done in Tanzania
and Denmark (OR 2.9; P-0.007 and OR 2.6 respectively)
(22,32). The reason for this could be due to behavioral and
occupational components like alcohol use and smoking
habits which are more common in men than women. Men
are also engaged in occupations like long distance driver,
policemen and solider, which are the main risk groups in our
country.

The other interesting and significant finding was that people
who came from outside of Mekelle were found to be at
higher risk than those living in Mekelle city. The facts that
advanced and well organized services are available in
Mekelle city which the people can get easy access, lack of
transportation and cost for those out of Mekelle resulting in
late presentation and complication, could be the main
reason for lower risk in Mekelle city.

Even though employment status was not significant risk
factor for incident TB in studies in Debre-Markos Ethiopia
and Nigeria, and difficult to explain, being employed is
another important risk factor for tuberculosis incidence in
our cohort. The possible assumptions could be HIV patients
who are employed are supposed to gather together or have
close contact with other people which expose them for

many air-transmitted diseases including tuberculosis

In concordance with studies in Afar Ethiopia, Burkina Faso,
Nigeria, and S. Africa, people who enrolled with advanced
WHO stage were found to be significantly associated with
risk of developing incident TB (33)(7)(9).

immunosuppression of patients with advanced WHO stage

Devastating

will expose the patient for different opportunistic infection
and TB being one of the leading is the main reason for this
finding.

Unlike studies in Europe and N. America, S. Africa, Burkina
Faso, Botswana and Addis Ababa, our study didn’t show
significant association between low baseline CD4 count
(below  200cells/micL)

multivariate analysis (13, 21 34). In contrast to studies done

and incident tuberculosis in
in S. Africa and Burkina Faso, patients with BMI below
18.5kg/m2 during enroliment were not associated with risk
of tuberculosis (15,33). Our cohort also failed to show the
association between anemia during HAART initiation and
risk of subsequent TB development in multivariate analysis
even though studies in Tanzania, Botswana and Denmark
did (22,32,34). Prevalent TB, which is significant in the
bivariate analysis for its association with incident TB, was
not however significant in multivariate analysis. And this is
in line with S. African cohort(24) and against the cohort in
Nigeria (30). Patients with Isoniazid Preventive Therapy
(IPT) were having low incidence of tuberculosis comparing
with those with no IPT in retrospective study in Debre-
Markos which is against our finding in which revealed IPT
provision didn't decrease the risk of incident TB in

multivariate analysis (25).
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Strength and limitation

The strength of our study are the large sample size and long
duration of follow up (more than 10 years), being the first
time to event study in the area presenting in Kaplan-Meir
survival Curve and more importantly it showed interesting
finding like association of male gender, residency out of
Mekelle and being employed for TB incidence. The first
limitation of our study is the retrospective nature of the
cohort. Second, the fact that we didn’t include patients who
are transferred out, dead and lost to follow up might
decrease the event. Third, some patients didnt have
baseline hemoglobin, and majority didnt have registered
employment status and marital status during ART initiation.
Lastly, we couldn’t conclude or generalize our result due to

the limitation that it was done only in ACSH, ART clinic.

Conclusion

The overall incidence of TB in HIV patients taking ART in
our cohort is lower than most of other studies in Ethiopia
and Africa. And majority of incident tuberculosis occurred in
the initial year of HAART initiation. Being male patient,
residency out of Mekelle, being employed and having
advanced WHO clinical stages during ART initiation were
significant risk factors for TB development over the period of
follow up. Long term prospective studies including different
study areas should be done in order to identify the incidence
rate and associated risk factors in Tigray, Mekelle Ethiopia.
The regional health bureau and federal minister of health
should design preventive strategies, through creating
awareness on health professionals working in ART clinic
and expand health care facilities towards the unprivileged

areas in order to diminish the untoward consequences of
HIV infection and Ols.
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