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ABSTRACT

Introduction Tuberculosis (TB) continues to be a
significant public health issue, particularly in low-income
and middle-income countries. Globally, the End TB
Strategy targets an 80% reduction in TB incidence by
2030. Despite this strategy, there remains limited evidence
on the incidence of TB among HIV-infected children after
the test-and-treat strategies in Amhara Region. Hence,
this study aimed to assess the incidence of TB and its
predictors among children on antiretroviral therapy (ART)
in Amhara Region, which is the second largest region in
Ethiopia and located in the northwestern, northeastern and
north-central parts of Ethiopia.

Methods A multicentre institution-based retrospective
follow-up study was conducted on 421 HIV-infected children
receiving ART from July 2014 to March 2022. The study
participants were selected using simple random technique.
National antiretroviral intake and follow-up forms were

used to gather data through the KoBo Toolbox. Stata V.17
was used for data analysis. The Kaplan-Meier curve was
applied to estimate failure time, and the log-rank test was
employed to compare groups of predictors. To identify TB
predictors, Gompertz regression models, both bivariable
and multivariable, were constructed. Ultimately, a 95% Cl
adjusted HR (AHR) was calculated, and variables with a p

value less than 0.05 were considered statistically significant.

Results A total of 421 children with a record
completeness rate of 97.9% were analysed in the study.
The TB incidence rate in children on ART was 2.16 (95%
Cl 1.52, 3.05) per 100 child-year observations. Anaemia at
baseline (AHR: 3.83; 95% Cl 1.46, 10.04), never taking TB
preventive treatment (TPT) (AHR: 3.78; 95% Cl 1.44, 9.94),
wasting (AHR: 2.53; 95% Cl 1.19, 5.38) and not initiating
ART within 7 days (AHR: 2.35; 95% Cl 1.15, 4.78) were
significant predictors of TB in children.

Conclusion The incidence of TB in children on ART was
relatively high. HIV-positive children presenting with
anaemia, those who never took TPT, wasted children

and those with late initiation of ART were prone to

the occurrence of TB. Therefore, prioritising anaemia
treatment, TB preventive therapy, nutritional counselling
and timely initiation of ART are essential to curb the TB
burden.

,! Bruck Tesfaye Legesse @,
,' Wubet Tazeb Wondie @ *

STRENGTHS AND LIMITATIONS OF THIS STUDY

= As a strength, this study is multicentre, covering a
wide ranges in geographical areas of specialised
comprehensive hospitals.

= Due to the nature of a retrospective follow-up study,
factors such as housing characteristics, the environ-
ment and family history of smoking-related factors
were not evaluated.

= The study excluded children who started antiretro-
viral therapy and developed tuberculosis within a
month, potentially underestimating the incidence of
tuberculosis.

= Since the study was conducted at the tertiary level
of healthcare (at comprehensive specialised hos-
pitals), there may be biases related to healthcare
accessibility.

INTRODUCTION

Tuberculosis (TB) remains an important
public health problem, particularly in
low-income and middle-income countries
(LMICs).! Globally, the incidence of TB in 30
high-burden countries accounts for 87% of
cases.” Children and young adolescents (aged
below 15 years) account for 1.25million
(12%) of the total TB incidence across the
globe every year.”

The risk of developing this global infectious
disease is 18 times higher among HIV-infected
individuals.” It remains the second leading
cause of death from infectious diseases, with
the risk of death threefold higher among HIV-
infected individuals worldwide.' * Recently,
the global occurrence of TB mortality in chil-
dren has increased significantly, which was
214000 in 2023. Each day, 600 children lose
their lives to this preventable disease. Approx-
imately 31000 deaths are related to people
with HIV.*?
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In Sub-Saharan African countries, the HIV-TB burden
has increased despite the test-and-treat policy in the
region. The incidence rate of TB among HIV-infected
children is 8.42 per 100 person-years.” This problem
has a significant economic burden in LMICs." Similar to
other Sub-Saharan African countries, TB remains a major
health issue among HIV-infected children in Ethiopia,
with an incidence rate of 4.33 cases per 100 person-years.”

The rate of occurrence of TB among children on
antiretroviral therapy (ART) is 24.2%-32% in Nigeria®'*
and 15.2% in Ethiopia,'' while the incidence of TB among
children with HIV varies from 0.83 to 2.3 in China,12 7
per 1000 person-years in Thailand,'” 4 in South Africa,'*
9-2.63 in Ethiopia'>™"” and 17.4 in East Africa.'® Some
studies have shown that severe immunosuppression, age
less than 2 years, WHO clinical staging,'**' being under-
weight,21 a low cluster of differentiation 4 (CD4) cell
count, anaemia® and virological failure* contribute to
the occurrence of TB among children on ART treatment.
To better understand the variety of contexts and the
application of new approaches in factors that affect the
risk of TB in children living with HIV, additional investi-
gation is necessary.

The achievement of Ethiopia’s Sustainable Develop-
ment Goals and the End TB Strategy targets established
by the WHO and the United Nations (UN), which aim
to reduce TB cases by 80% and deaths from TB by 90%,
provide support for this study.”** The political declaration
of the UN high-level meeting on TB held in WHO plans
to reach TB preventive treatment (TPT) at least 90% of
people with HIV in 2027.%° Ethiopia has adopted a test-
and-treat strategy since 10 June 2014 for all children initi-
ating ART regardless of CD4 cell count and WHO clinical
staging, aiming at reducing HIV-related mortality and
morbidity.** Despite this intervention, there is a paucity
of evidence on the overall incidence of TB in children in
Ambhara Region after the test-and-treat strategy.

In addition to previous studies, this finding covers a wide
range of public institutions, and rapid initiation of ART
and dolutegravir (DTG)-containing ART drugs was incor-
porated as independent variable to determine the inci-
dence of TB. The current study population also consists
of newly enrolled paediatric HIV care patients, rather
than patients ever enrolled on ART. Timely and recent
evidence is very crucial, and more research is required
to incorporate these variables and new strategies. The
findings will help decision-makers and policymakers at
different levels of HIV/AIDS care and assistance. There-
fore, this study aimed to assess the incidence of TB and its
predictors among HIV-infected children enrolled in ART
care in Amhara Region.

METHODS

Study design, setting and period

A multicentre institution-based retrospective follow-up
study was conducted among HIV-positive children
enrolled in care at Amhara Region’s comprehensive

specialised hospitals from July 2014 to March 2022. In
Ethiopia, comprehensive specialised hospitals repre-
sent the highest level of healthcare facility (tertiary
level of health services) and provide advanced medical
services, specialised care and training centre for health
professionals.

Amhara Region is located in the northwestern, north-
eastern and north-central parts of Ethiopia, with an esti-
mated area of 159173.66 km® The population in this
region was most recently estimated at 30 848 988.%” In
this region, there are 81 hospitals, of which 8 are compre-
hensive specialised and teaching hospitals: University of
Gondar, Tibebe Ghion, Felege Hiwot, Debre Markos,
Debre Tabor, Dessie, Woldia and Debre Birhan. These
hospitals have been providing ART care and support as
part of the National AIDS Control Program. Of the total
number of comprehensive specialised hospitals, seven
were included in the study; Tibebe Ghion was excluded
due to an insufficient number of study participants. A
total of 1095 children were newly enrolled in HIV care in
Amhara Region from July 2014 to March 2022.

Population and eligibility

The source population for this study comprised all HIV-
infected children who were enrolled in the paediatric HIV
care clinics of the comprehensive specialised hospitals in
Amhara Region and had a minimum of 1 month of ART
follow-up. HIV-positive children who were newly enrolled
in the paediatric HIV care clinic in Amhara Region from
July 2014 to March 2022 were the study population. Chil-
dren with HIV who already had TB before starting ART
and children with incomplete records of baseline infor-
mation (CD4 count, WHO staging, haemoglobin level,
weight and height) and with unknown dates of ART initi-
ation and TB occurrence were excluded from the study
(online supplemental figure 1).

Sample size determination

The sample size was determined based on key predictors,
including height for age, WHO clinical staging and ART
adherence level. Using Stata V.17 and the Cox model, the
calculation was performed under the following assump-
tions: a critical value (Za/2) of 1.96 for a 5% significance
level, a critical value (Z3/2) of 0.84 for 20% power, an
event probability of 0.167"> and a probability of with-
drawal of 0.15 using adjusted HR (AHR) (table 1).

Sampling procedures and sampling technique

From the calculated sample sizes, the largest sample
size (430) was selected as the sample for this study. The
sample was allocated proportionally to the comprehen-
sive specialised hospitals in Amhara Region, and records
were selected using simple random techniques (online
supplemental figure 2).

Variables of the study

The outcome variable for this study was the occurrence
of TB during the follow-up period. The independent vari-
ables were sociodemographic characteristics including
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Table 1 Estimated sample size determination by predictor variables for HIV-infected children on ART using Stata V.17 and
Cox model

Variables HR Power (%) Probability of withdrawal Probability of event Sample size (n)
Height for age Z-score 2.14 80 0.15 0.167 383

WHO clinical staging 3.23 80 0.15 0.167 161

ART adherence 2.05 80 0.15 0.167 430

ART, antiretroviral therapy.

age, sex, residence, current parent’s status, educational
status of the caregiver, HIV disclosure status and marital
status of the caregiver. Baseline clinical, nutritional and
laboratory characteristics include CD4 count, WHO clin-
ical staging, haemoglobin level, anthropometric indices,
previous opportunistic infections, and functional and
developmental status. ART and medication-related char-
acteristics include baseline ART regimen, DTG-containing
ART drugs, regimen change, level of ART adherence,
TPT, cotrimoxazole preventive therapy (CPT), ART side
effects and initiation of ART.

Operational definition of the variables

» Events: the occurrence of TB among HIV-infected
children during the follow-up period at any time
after enrolment in the paediatric HIV care clinic, as
confirmed by a healthcare professional.

» Tuberculosis: defined as a diagnosis of either pulmo-
nary tuberculosis or extrapulmonary tuberculosis as
documented on children’s medical records during
the study period.

» Censored: children who were lost to follow-up,
dropped out, transferred out, died due to any cause
or completed the study period before developing TB.

» Pulmonary tuberculosis: diagnosed based on the
national TB diagnosis guideline and primarily affects
the lungs, and diagnosis is based on clinical symptoms,
chest X-ray findings, sputum smear microscopy or
molecular tests such as GeneXpert, or histopathology.

» Extrapulmonary tuberculosis: defined as TB that
affects organs outside the lungs, such as lymph nodes,
pleura, bones and joints, meninges or the abdomen,
and diagnosis may involve biopsy, imaging or fluid
analysis.

» Wasting: if the weight for height Z-score is less than
-2 SD for less than 5 years, or if the body mass index
for age Z-score is less than -2 SD for greater than 5
years.”

» ART adherence levels: categorised as follows: good
(295% compliance or <3 missed doses per month),
fair (85%-94% compliance or 4-8 missed doses per
month) and poor (<85% compliance or >9 missed
doses per month), as recorded by ART health
personnel.28

» Rapid initiation of ART: refers to starting ART on the
same day as HIV diagnosis or within 7 days afterwards.*

» Urban areas: officially designated towns with munic-
ipal structures and better access to services like educa-
tion, healthcare, electricity and water.*

» Rural areas: primarily agricultural or pastoral, with
limited infrastructure such as roads, electricity, health-
care and schools, and characterised by dispersed
settlements.”

» Anaemia: defined as having a haemoglobin level of
less than 10 mg/dL.31

Data collection tool and procedures

Data were retrospectively collected using a data extraction
tool based on Ethiopian ART guidelines. Information was
obtained from ART intake forms, follow-up forms and
children’s medical charts for patients newly enrolled at
ART clinics from July 2014 to March 2022.*® Data were
extracted for 1 month, from 17 May to 15 June 2022. The
variables included sociodemographic, clinical, laboratory,
ART-related and medication-related factors. Data collec-
tion was conducted by seven bachelor’s degree nurses
who had smartphones and prior experience with ART
follow-up, as well as basic training in ART management.

Data quality control

The data extraction tool was pretested on 5% of the
sample size at the University of Gondar Comprehensive
Specialized Hospital prior to the actual data collection.
Additionally, 1-day on-site training was conducted for
data collectors and supervisors, covering topics such
as reviewing ART follow-up and medical records, data
collection techniques and the study’s objectives. Data
collection was carried out using the KoBo Toolbox, which
was prepared with relevant restrictions by trained nurses
working in hospitals. Additionally, the data collector and
principal investigators carefully monitored the entire
data collection process and daily submission reports.

Data processing and analysis

The KoBo Toolbox* was used for data collection, and
data were then exported and imported into Stata V.17
statistical software™ for final analysis. Additionally, anthro-
pometric indices were created using the WHO Anthro
and WHO AnthroPlus software. To describe the data,
descriptive statistics including mean (+SD), percentage
and frequency were employed. The variance inflation
factor (VIF) was used to check the association between
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predictor variables; the average VIF was found to be 1.18,
which indicates no significant multicollinearity.

A separate graph of Kaplan-Meier survival functions
and the log-rank test were estimated for each categorical
variable to compare survival between different exposure
groups. The proportional hazard assumption (PHA) was
checked using both graphical and statistical global tests,
which revealed that the PHA was satisfied. Log-likelihood
and Akaike information criteria (AIC) were applied
to select the best-fitted model, and the model with a
minimum AIC was considered the best-fitted model.

In our survival analysis, we considered parametric
models including exponential, Weibull, log-normal,
log-logistic and Gompertz regression models. Models
were evaluated based on the AIC to identify the best
fit. The Gompertz model, with the lowest AIC value of
236.02, was selected as the best-fitted model. This indi-
cates that among the models considered, the Gompertz
model provided the best balance between model fit and
complexity.

In addition, the goodness-of-model fitness was checked
using the Cox-Snell residual test. Variables with a p value
less than 0.25 in the bivariable analysis were fitted into
the multivariable Gompertz regression model. HR with
95% CI was used to determine the strength of the associ-
ation. Variables with a p value less than 0.05 in the multi-
variable analysis were considered statistically significant.

To handle and manage missing data, multiple imputa-
tions using multivariable chained equations were carried
out. The variables missing at random were clarified by the
‘Little test’ results for continuous variables and graphical
patterns for categorical variables, making the application
of multiple imputations straightforward. Furthermore,
sensitivity analysis was performed using both descriptive
and inferential statistical techniques to confirm if a signif-
icant difference was detected between the outputs of the
original and imputed data.

Patient and public involvement
Patients and the public were not directly involved in the
design, conduct and dissemination of this study.

RESULTS

Sociodemographic characteristics

A total of 430 medical records of HIV-infected children
on ART were reviewed. Of these, 421 (97.9%) were
included in this study, with the remaining excluded from
the analysis due to data incompleteness. The mean (SD)
age of the study participants was 7.58 (+4.02) years; one-
third were found to be in the 5-9 years age group. Nearly
two-thirds (58.43%) were male and 70% were from urban
areas (table 2).

Baseline clinical, laboratory, nutritional and ART medication-
related characteristics

Atbaseline, 79.9% of children were in WHO clinical stage
I or II. The median CD4+ count was 421 cells/L (IQR:

Table 2 Sociodemographic characteristics of HIV-infected
children on ART at comprehensive specialised hospitals in
Amhara Region, Ethiopia, 2022 (N=421)

Variables Categories

Frequency (n) %

Age (years)
<5 122 28.98
5-9 145 34.44
10-14 154 36.58
Sex
Female 175 41.57
Male 246 58.43
Residence
Rural 126 29.93
Urban 295 70.03
Current parent status
Both parents alive 290 68.88
One parent alive 113 26.84
Both parents deceased 18 4.28
Educational status of the caregiver
No formal education 144 34.2
Primary 150 35.63
Secondary 67 15.91
Tertiary (college and 60 14.25
above)
Marital status of the caregiver
Married 228 54.16
Unmarried 87 20.67
Divorced 70 16.63
Widowed 36 8.55
HIV status of the parents
Non-reactive 158 37.53
Reactive 263 62.47
Disclosure status of the child
Yes 220 52.26
No 201 47.74

ART, antiretroviral therapy.

403, 1017 cells/L), with one-fifth (20.19%) having CD4+
below the threshold level. The median haemoglobin level
was 12.3 (IQR: 10.7, 13.6) mg/dL, with 17.34% having
haemoglobin level less than 10mg/dL. Nearly 30%
and 50% of children were wasted and stunted at base-
line, respectively. Out of 421 HIV-infected children, 296
(70.31%) had a good ART drug adherence level. More
than two-thirds (63.42%) of children had never received
TPT and 45.13% had never taken ART within 7 days of its
duration (online supplemental table 1).

Follow-up time and incidence of TB
A total of 421 children were followed from 1 to 89 months.
The mean follow-up time was 42 months (14.57-70.07
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months). The total time at risk was 1484.75 child-year
observations (CYO). New TB cases were observed in 32
(7.6%) children; the overall TB incidence rate was 2.16
(95% CI 1.52, 3.05) per 100 CYO (figure 1).

The incidence rate of TB was 3.98 (95% CI 1.99, 7.95)
per 100 CYO in the 6months of ART initiation and
decreased to 0.33 (95% CI 0.05, 2.34) per 100 CYO after 3
years of ART initiation. The cumulative probability of TB
incidence at the end of 2, 4 and 6 years of the study was
0.9636, 0.9309 and 0.9045, respectively. The incidence
rate of TB was 8.09 (95% CI 5.03, 13.01) per 100 CYO
among children with anaemia, while it was 1.18 (95% CI
0.7, 1.95) per 100 CYO among those without anaemia
(online supplemental figures 3-6).

Model comparison
The PHA, semiparametric and parametric proportional
hazard models were fitted to estimate the incidence of
TB and its predictors among HIV-infected children
in Amhara Region. The graphical test and global test
(p=0.2980) confirmed the PHA. The most fitted model
was chosen using AIC (236.02), Bayesian information
criteria (304.74) and log-likelihood (-138.43). The results
outperformed the Cox proportional hazard and other
parametric models in all three comparison techniques.
As a result, interpretations and conclusions were based
on the Gompertz model (online supplemental table 2).
The Cox-Snell residual test checked the goodness of fit
(figure 2), shared frailty was estimated (theta: 1.896_07)
and the distribution of unmeasured variables is indif-
ferent between the comprehensive specialised hospitals.

>

Predictors of incidence of TB
In the bivariable parametric survival Gompertz regres-
sion, parental status of the caregivers, educational status

Overall Kaplan-Meier estimate of tuberculosis (TB)-free probability in children on antiretroviral therapy at
comprehensive specialised hospitals in Amhara Region, Ethiopia.

of the caregivers, baseline WHO clinical staging, CD4+
count, haemoglobin status, functional and develop-
mental status, regimen change, ever taking TPT, ever
taking CPT, ART adherence level, previous opportunistic
infections, DTG-containing ART drugs, wasting and rapid
initiation of ART were found to be significant predictors
of TB among children on ART. In the final multivariable
Gompertz regression model, only baseline haemoglobin,
ever taking TPT, wasting and rapid initiation of ART
significantly increased the incidence of TB.

Children with anaemia had 3.83 times (AHR: 3.83; 95%
CI 1.46, 10.04) higher risk of acquiring TB infections than
children without anaemia. Likewise, the risk of devel-
oping TB in children who were not given TPT was 3.78
times (AHR: 3.78; 95% CI 1.44, 9.94) higher compared
with those who were given TPT at baseline. Additionally,
the hazard of TB among children with wasting at base-
line was 2.53 times (AHR: 2.53; 95% CI 1.19, 5.38) more
likely compared with their well-nourished counterparts.
Furthermore, children who had late ART initiation had
3.27 times (AHR: 3.27; 95% CI 1.26, 8.46) increased risk
of developing TB compared with those rapidly initiated
on ART (table 3).

DISCUSSION

This study aimed to assess the TB incidence rate and its
predictors among children on ART in Amhara Region’s
comprehensive specialised hospitals.

In this study, the incidence of HIV-infected children on
ART was 2.16 (95% CI 1.52, 3.05) per 100 CYO, which is
consistent with the studies conducted in Debre Markos
at 2.63 per 100 CYO,' in Northeast Ethiopia at 2.0 per
100 CYO™ and in Southern Ethiopia at 2.6 per 100
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Figure 2 The goodness-of-fit test for the Gompertz regression model of the incidence of tuberculosis among children on
antiretroviral therapy at comprehensive specialised hospitals in Amhara Region, Ethiopia.

CYO."” This finding is lower than the studies conducted
in Northern Ethiopia,” Benishangul Gumuz region in
Northwest Ethiopia,'" ** Adama Referral Hospital and
Medical College,” Southwest Ethiopia®™ and Tanzania.™
This could be due to the higher burden of TB in resource-
limited settings,” and might also be due to differences
in sociodemographic and baseline clinical characteris-
tics of the study participants, as well as changes in study
period and setting. However, the incidence in our study
is higher than the studies conducted in New York City,"'
Ireland and the UK* and China.'” This could be because
the general population in high-income countries has a
low incidence rate of TB. In addition, the use of early TB
diagnosis and prevention techniques, along with acces-
sibility of modern technologies, significantly lowers the
incidence of TB.* Furthermore, there are higher cases of
TB in Ethiopia due to poverty, overcrowding, large fami-
lies and subpar living conditions.

Children who were classified as having anaemia had 3.83
times higher risk of acquiring TB infections than children
without anaemia. Supported by studies in Northern Ethi-
opia®™ and Benishangul Gumuz,” this high prevalence of
TB cases in anaemia is due to persistent inflammation or
chronic diseases.* Anaemia also appears to have predic-
tive value for incident TB disease during ART.*

Likewise, the risk of developing TB in children who
were not getting TPT was 3.78 times higher compared
with those who were taking TPT at baseline. This finding
is supported by different studies conducted in Ethi-
opia,” *0 Tanzania'” and by global data.*”® TPT decreases
Mpycobacterium load and reduces the progression of latent
TB bacilli to active TB. Increases in mycobacterial load
are associated with progressive impairment of Mycobacte-
rium specific T-cell responses and increase the occurrence

of active TB.* Additionally, the synergetic effect of ART
and TPT in reducing the incidence of active TB increases
as a result of CD4+ T-cell recovery and viral load suppres-
sion.”” Lower TPT intake is associated with an increased
incidence of TB; in our study, only 63.42% of children
with HIV took TPT.

The hazard of TB among children with wasting at
baseline was 2.53 times more likely compared with
their counterparts. This finding is supported by studies
conducted in Northern Ethiopia, Debre Markos'® * and
Southern Ethiopia.”’ This could be explained by the fact
that malnutrition causes nutritionally acquired immune
dysfunction and increases the host’s susceptibility to
infections. Undernutrition also weakens the immune
system through atrophy of the thymus, spleen and lymph
nodes and reduces cell-mediated immunity.”' ® Immuno-
logical and clinical recoveries are directly associated with
nutritional status.”

Furthermore, children with late ART initiation had 3.27
times increased risk of developing TB when compared
with those who had rapid ART initiation. This finding is
in agreement with a study done in Ethiopia.'® Initiation
of ART early after confirmation of HIV infection, even at
higher CD4 cell count, helps reduce the occurrence of
TB. This could be attributed to the early initiation of ART,
which helps minimise delays, enhances viral suppression
rates in children with HIV, improves retention in care and
reduces the risk of HIV transmission.”

This study was conducted at tertiary-level compre-
hensive specialised hospitals, which may introduce bias
related to healthcare accessibility, particularly in LMICs
with significant geographical and socioeconomic dispar-
ities. These hospitals primarily serve urban populations
and provide advanced medical services, potentially
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Table 3 Bivariable and multivariable Gompertz Cox regression analyses of predictors of tuberculosis among children on ART
at comprehensive specialised hospitals in Amhara Region, Ethiopia, 2022 (N=421)

Status

Variables Event (n=32) Censored (n=389) CHR (95% Cl) AHR (95% Cl) P value
Parental status of the child

Both parents alive 19 271 1 1

One or both parents dead 13 118 1.7 (1.88, 3.59) 0.8 (0.32, 2.02) 0.64
Educational status of the caregiver

No formal education 9 135 1.27 (0.49, 3.29) 0.72 (0.25, 2.04) 0.53

Primary 15 117 2.05 (0.87, 4.83) 0.97 (0.33, 2.81) 0.96

Secondary and tertiary 8 137 1 1
WHO clinical staging

Stages | and Il 17 328 1 1

Stages Il and IV 15 61 5.47 (2.73, 11.00) 1.71 (0.62, 4.71) 0.299
CD4 cell count

Above threshold 21 315 1 1

Below threshold 11 74 2.89 (1.39, 6.02) 1.59 (0.59, 4.31) 0.357
Anaemia

No 15 333 1 1

Yes 17 56 7.26 (3.62, 14.56) 3.83 (1.46, 10.04) 0.006*
Working and appropriate motor developmental status

Yes 16 267 1 1

No 16 122 2.39(1.19, 4.8) 1.66 (0.77, 3.61) 0.196
ART adherence level

Optimal 16 280 1 1

Suboptimal 16 109 2.79 (1.39, 5.59) 0.92 (0.36, 2.4) 0.874
ART regimen change

Yes 15 199 1 1

No 17 190 1.63(0.81, 3.27) 0.77 (0.32, 1.87) 0.57
Ever taking tuberculosis preventive treatment

Yes 7 260 1 1

No 25 129 7.55 (3.26, 17.47) 3.78 (1.44,9.94) 0.007*
Ever taking cotrimoxazole preventive therapy

Yes 21 324 1 1

No 11 76 2.68 (1.29, 5.57) 1.28 (0.5, 3.27) 0.601
Weight for height

No wasting 15 284 1 1

Wasting 17 105 2.9 (1.45, 5.81) 2.53 (1.19, 5.38) 0.016*
Previous opportunistic infections

No 17 306 1 1

Yes 15 83 3.43 (1.71, 6.88) 1.32 (0.54, 3.19) 0.54
Dolutegravir-containing drugs

Yes 6 63 1 1

No 26 326 0.46 (0.18, 1.14) 0.37 (0.13, 1.03) 0.059
Initiation of ART

Rapid initiation 6 225

Late initiation 26 164 4.41 (1.81, 10.74) 3.27 (1.26, 8.46) 0.015*

1 indicates reference.
*Significant at a=0.05.

AHR, adjusted HR; ART, antiretroviral therapy; CHR, crude HR.
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limiting the generalisability of findings to children in
rural areas. A substantial proportion of ART children in
the region, especially those with limited access to health-
care, were not represented.

Strength and limitations of the study

As a strength, this study was multicentre, covering wide
ranges in geographical areas of specialised hospitals, and
used a longer follow-up period to better estimate the inci-
dence of TB. There are certain inherent limitations to the
current study. Owing to financial limitations, factors such
as housing characteristics, the environment and family
history of smoking-related factors were evaluated retro-
spectively rather than prospectively in order to determine
the incidence and predictors of TB following the start
of ART. Additionally, the study excluded children who
began ART at the outset and acquired TB within a month
or less. This may have led to an underestimation of the
incidence of TB.

CONCLUSION AND RECOMMENDATIONS

In this study, the incidence of TB was found to be high.
Anaemia, wasting, TB preventive therapy and early initia-
tion of ART were factors found to be significant predictors
of TB incidence in HIV-infected children receiving ART.
Additionally, clinicians should emphasise early screening
and maximise nutritional supplements for HIV-infected
children to decrease the incidence of TB in these indi-
viduals. Furthermore, emphasis is needed on early detec-
tion and treatment of anaemia as well as on TB preventive
therapy, counselling on nutritional improvement and
timely initiation of ART to avert TB. Future studies should
include data from community-level health facilities to
ensure more representative and equitable findings.
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