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Abstract: Abstract
Background: Despite the effectiveness of antiretroviral treatment in reducing morbidity
and mortality from opportunistic infections among children living with HIV (CLHIV),
tuberculosis (TB) remains a significant cause of mortality, accounting for one in every
three deaths. However, in Ethiopia, there is a lack of aggregated data on the pooled
prevalence of TB and HIV co-infection for children living with HIV. Therefore, this meta-
analysis aims to estimate the prevalence of active TB in HIV-infected children
nationwide after initiating ART between December 30, 2012, and January 1, 2023.
Methods; A comprehensive review and analysis were conducted from December 30,
2012, to January 1, 2023. A total of 1235 articles were extracted from five databases.
The study followed PRISMA guidelines. Pooled estimates were obtained using a
weighted inverse variance random-effects model in STATA version 17. Heterogeneity
was evaluated using Cochran's Q test and 12 statistic. Subgroup analysis, publication
bias, and sensitivity analysis were also performed. This systemic review nd met-
analysis report is registered in Prospero with CRD42024502038
Results; In the final meta-analysis, 13 individual studies were included. The mean age
ofparticipantschildren was 8.2 (£3.6) years. During the screening of active TB among
5,834 HiV-infeeted participants children, 834 cases of TB with HIV co-infection were
reported. The overall prevalence of tuberculosis was 12.07% (95%CI: 10.71-13.41;
12=63.4%, P=0.001). In the final subgroup analysis, TB prevalence was higher in health
centers (14.1%, 95% CI: 11.74-16.33) compared to hospitals (11.05%, 95% CI: 9.4-
12.3). Similarly, in terms of study regions, Oromia had the highest TB prevalence at
15.6% (95% CI: 10.2-20.6), followed by southern nation nationality regions (SNNR) at
12.8% (95% CI: 10.03-15.67). In the final random-effects meta-regression, advanced
WHO clinical stages Ill and IV (AOR = 2.27, 95% CI: 1.81-2.83), missed cotrimoxazole
preventive therapy (CPT) (AOR = 3.26, 95% CI: 1.57-5.28), baseline hemoglobin levels
<10mg/dl (AOR = 4.26, 95% CI: 3.47-5.24, 12=43.3, P=0.001), and missed isoniazid
preventive therapy (IPT) (AOR = 2.28, 95% CI: 1.99-3.08) were predictive factors for
the occurrence of active TB.
Conclusion: More than one in ten HIV-infected children in Ethiopia develop active TB.
Risk factors include advanced WHO clinical stages IV and Ill, as well as low
hemoglobin levels. Effective management involves concurrent and continuous use of
Cotrimoxazole preventive therapy (CPT), Isoniazid preventive therapy (IPT), and
antiretroviral therapy (ART) for children living with HIV.
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Abstract
Background: Despite the effectiveness of antiretroviral treatment in reducing morbidity and

mortality from opportunistic infections among children living with HIV (CLHIV), tuberculosis
(TB) remains a significant cause of mortality, accounting for one in every three deaths. However,
in Ethiopia, there is a lack of aggregated data on the pooled prevalence of TB and HIV co-
infection for children living with HIV. Therefore, this meta-analysis aims to estimate the
prevalence of active TB in HIV-infected children nationwide after initiating ART between
December 30, 2012, and January 1, 2023.

Methods; A comprehensive review and analysis were conducted from December 30, 2012, to
January 1, 2023. A total of 1235 articles were extracted from five databases. The study followed
PRISMA guidelines. Pooled estimates were obtained using a weighted inverse variance random-
effects model in STATA version 17. Heterogeneity was evaluated using Cochran's Q test and 12
statistic. Subgroup analysis, publication bias, and sensitivity analysis were also performed. This
systemic review nd met-analysis report is registered in Prospero with CRD42024502038

Results; In the final meta-analysis, 13 individual studies were included. The mean age of

participants' children was 8.2 (£3.6) years. During the screening of active TB among 5,834 HIV-
infected participants children, 834 cases of TB with HIV co-infection were reported. The overall
prevalence of tuberculosis was 12.07% (95%CI: 10.71-13.41; 12=63.4%, P=0.001). In the final
subgroup analysis, TB prevalence was higher in health centers (14.1%, 95% CI: 11.74-16.33)
compared to hospitals (11.05%, 95% CI: 9.4-12.3). Similarly, in terms of study regions, Oromia
had the highest TB prevalence at 15.6% (95% CI: 10.2-20.6), followed by southern nation
nationality regions (SNNR) at 12.8% (95% CI: 10.03-15.67). In the final random-effects meta-
regression, advanced WHO clinical stages Il and IV (AOR = 2.27, 95% CI: 1.81-2.83), missed
cotrimoxazole preventive therapy (CPT) (AOR = 3.26, 95% ClI: 1.57-5.28), baseline hemoglobin
levels <10mg/dl (AOR = 4.26, 95% CI: 3.47-5.24, 12=43.3, P=0.001), and missed isoniazid
preventive therapy (IPT) (AOR = 2.28, 95% CI: 1.99-3.08) were predictive factors for the

occurrence of active TB.
Conclusion: More than one in ten HIV-infected children in Ethiopia develop active TB.

Risk factors include advanced WHO clinical stages IV and Ill, as well as low hemoglobin levels.

Effective management involves concurrent and continuous use of Cotrimoxazole preventive
2
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therapy (CPT), Isoniazid preventive therapy (IPT), and antiretroviral therapy (ART) for children
living with HIV.
Prospero registration (CRD42024502038) https://www.crd.york.ac.uk/prospero/#recordDetails

Keywords: HIV, Children, prevalence, Tuberculosis, Ethiopia
Introduction

People living with Human Immune deficiency virus (PLHIV) are more susceptible to
tuberculosis (TB), which is a leading cause of mortality[1, 2]. There is a strong synergy between
HIV infection and TB, while PLHIV are at high risk of dying from TB and HIV infection is the
biggest risk factor for active TB incidence through target reduction of CD4 count and cellular
immuni[3, 4]. The waning of the immune system increases the endogenous reactivation of
dormant TB bacilli in the lung[5]. Despite breakthroughs in diagnosis and the widespread
availability of chemotherapy, TB-related mortality in children accounts for 40% of global TB
deaths, 25% of in-hospital deaths, and 18% of inpatient hospitalizations [6-9].

Globally in 2020, there were 1.2 million TB deaths from HIV-negative people, and 208,000 in
HIV-positive individuals[10], and remains the leading cause of morbidity and mortality for
PLHIV worldwide [11]. In Sub-Saharan Africa (SSA) countries, TB-associated new incidence of
cases and new mortality were reported as 2,017 cases/100,000 patients per year [12] and 25
cases /100 patients per year, respectively [6, 7, 13]. According to the 2022 Global TB report for
African continents, accounted for 1.5 million TB deaths, of which 14.30% of cases were co-
infected with HIV [1]. In Sub-Saharan African countries, 10%-15% of the population suffered
from the twine epidemic [14, 15]. The risk of developing TB disease is 21 times higher for
people living with HIV and 51% lifetime risk of TB than those without HIV patients (1, 2).

Previous systematic review findings indicated TB is associated with 37% of deaths for PLHIV
[11, 16] and 51% lifetime risk [1, 2]. Similarly, previous primary studies' findings reported
twine infection of TB and HIV[12, 13, 17-21], having body mass index (BMI <18.5 kg/m2),
missing CPT, poor ART adherence, and history of alcohol use were predictors for TB-associated
death. Particularly declining CD4 count were a proxy indicator for premature death during co-

infection treatment.
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In Ethiopia in 2016, an estimated 710,000 people were living with HIV, and 62,000 of them
were children living with HIV [22, 23]. Extra-pulmonary Tuberculosis (EPTB) is the most
common kind of tuberculosis (TB) diagnosed and treated in seropositive children, and TB is
responsible for one out of every four deaths in resource-limited settings [24, 25]. According to
national profiles of TB and HIV patients, 11% of TB cases had HIV, while 9.1% of HIV patients
had active TB [26-28]. Several small-scale studies in Ethiopia found TB incidence ranging from
7.2% in Amhara [29] to 23.6% in the south [30] regions. Despite concomitant administration of
ART with IPT demoting> 80% of active TB[5], due to their age and immune-suppressing of

HIV, children experienced active TB incidence [31].

In Ethiopia, deaths with those twine epidemics of TB and HIV are varied across each region
with 23.01 cases per 100 person-years in Tigray [32] for adults and 17.15 cases per 100 years for
children in the SNNR [33]. Children living with HIV face disproportionate loss of life from the
co-infections since their young age category and immature immunity make them exposed to
premature death [4, 25]. By administering IPT concurrently with HAART, after ruling out active
TB symptoms, the incidence of new TB cases in children living with HI was reduced by over
90%][3, 34, 35]. Despite this evidence of HAART for reducing TB-associated morbidity for
seropositive (children living with HIV), however, there is a lack of comprehensive and

aggregated data during the co-infection disease courses of TB and HIV infection in Ethiopia

Objectives

» Determining pooled Tuberculosis-incidence in HIV-positive children in Ethiopia

» ldentifying Predictors for TB Incidence among Children Living with HIV in Ethiopia

Data Searching Strategy

We conducted a systematic review of published and unpublished articles from multiple
databases, including PubMed, HINARY, WEB OF SCIENCE, Africa Journals Online, and
Google Scholar. The search focused on English language articles published between December
30, 2012, and January 1, 2023. We employed controlled vocabulary terms (MeSH) and free text

to extract relevant articles. The search encompassed
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active tuberculosis, pulmonary TB, extrapulmonary TB, HIV infection, individuals, children,
pediatrics, neonates, lymphadenitis, disseminated TB, and Ethiopia. The search terms used to
identify relevant studies included "Epidemiology” OR “Incidence” OR "Case fatality"
"Tuberculosis” OR "Pulmonary Tuberculosis" OR "Disseminated Tuberculosis” OR
"Lymphadenitis" AND "HIV" OR "AIDS" AND "Children" OR "Pediatrics" OR "Infant" AND
"Ethiopia”. We considered articles published between December 30, 2012, and January 1, 2023,
and utilized cross-sectional, retrospective, and prospective cohort study designs in the search
process. The selection criteria were predefined to identify the most relevant studies for the

review.
Inclusion criteria:

We included scientific papers that reported the following criteria for the final analysis

1. We included studies that reported TB and HIV co-infections in HIV-positive children in Ethiopia

2. We only considered cross-sectional and/or cohort studies as observational studies.

3. Articles containing prevalence or incidence reports of TB in HIV-positive children

4. A scientific paper published before January 1%, 2023with the study subjects only on children

<15 years
Exclusion criteria

Articles without a journal name and /or author, conference proceedings, presentations, and
reviews were excluded from the final meta-analysis.

Outcome ascertainment

The outcome variable for this meta-analysis report was the TB occurrence among HIV-positive
children on Anti-retroviral therapy.

Quiality Assessment and Appraisal Procedures

Four Authors (FK, BN, DT, and TK) independently extracted the data and evaluated the quality
of each study by determining the eligibility of the titles and abstracts of the studies after
removing duplicates. The discussion was used to settle any disagreement or uncertainty that
arose during the article extraction process. These reviewers assessed the full-text articles; if one
or more of them believed an article could be significant, it qualified after the article was carefully

examined for its titles, abstracts, and full text among authors (FK, TK, DT, and BK) used a
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Microsoft Excel spreadsheet to extract the specifics of each article. During data extraction using
the critical appraisal process using Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA-2020)[36] (S1= PRISMA Checklist 2020).

Three independent reviewers assessed each included article's quality using the Newcastle-Ottawa
Scale standards (good, fair, and poor) given for all articles [37, 38]. All eligible studies were
approved by all author's agreements about principal investigators, year of publication, study
period, study setting, study population, and sample size retrieved from the identified articles. In
each of the included studies, the risk of bias was assessed by all listed authors (FK, and TK),
evaluated, and screened. The Joanna Briggs Institute of Critical Appraisal (JBI) checklist was
used to evaluate the papers' quality, and the results were incorporated into the final meta-analysis
(S2). Any disagreements among reviewers regarding the critical appraisal were settled through

discussion and consensus-building
Data Synthesis and Analysis Procedures

Using End-Note Aversion 8.1, all detected and potentially suitable published article citations
were exported and gathered; duplications were eliminated during the selection and screening
processes. Two independent reviewers (FK, and TK) first reviewed the abstracts of the
publications before moving on to the full-text articles, which they then evaluated following the
particular standards for ultimate inclusion and modifying the data on a Microsoft Excel
spreadsheet, we employed the STATA version 17 for additional analysis. Descriptive statistics,
fixed effects, and random-effect model regression were used to present the review's results[39] to
estimate TB-associated death of PLHIV post-antiretroviral therapy in Ethiopia[39]. The eligible
published data files were extracted using Meta-XL Excel version 5.3[40] sheet and exported to
STATA version 17 to estimate the pooled TB-associated mortality of people living with
HIV/AIDS in Ethiopia. The estimated risk factors from each study were combined and
determined as a single estimation using a random effect regression model in the final meta-
analysis[39]. The Higgs I? statistics were also utilized to detect heterogeneity. Heterogeneity
between studies was elaborated using Cochran's Q test and quantified with the 12 statistics[41].
The degrees of statistical heterogeneity between the studies were assessed using 12 statistics;
values of 25%, 50%, and 75% were thought to indicate modest, medium, and high levels of

heterogeneity, respectively [38]. The source heterogeneity among the included studies was
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further examined using the subgroup and sensitivity analyses[39]. For further clarification on the
source of heterogeneity, the random effect meta-regression was reported on the study setting,
regions, and study population done by subgroup analysis. In the final meta-analysis review, the
estimated risk factors obtained from each study were pooled and determined as a single estimate
with its corresponding 95% confidence interval. The random effect regression model was used

for the data-identified heterogeneous analysis [39].
Publication of Biases and Sensitivity Analysis

The publication biases were assessed by visual inspection of funnel plots of the graph and
quantitative using Egger’s weighted regression at p <0.1[42, 43]. In addition, we performed a
leave-one-out sensitivity analysis to confirm a study with a biased direction of pooled estimates
of Begs and Eggers tests[39]. The publication biases were assessed using inspection of funnel
plots of the shape of the graph, quantitatively using Egger's weighted regression test of the P-
value <0.1[42, 43], and using a leave-one-out sensitivity analysis to confirm that there were no

studies potentially biased direction using Begs and Eggers test[39].

Result

Eligible studies screening

A total of 1221 primary studies were identified, including 43 from Web of Science, 631 from
PubMed, 352 from Medline, 15 from Scopus, and 162 articles from Google Scholar. After
removing duplicate articles and screening titles and abstracts, 1208 articles were excluded.

Finally, 13 articles met the inclusion criteria and were included in the analysis (Figure 1).

Figure 1: A PRISMA flow diagram for describing the flow of the chart of selected articles
Study characteristics

Thirteen (N=13) individual studies were included final analysis [4, 25, 29, 30, 44-52]. Seven of
those articles were from Amhara [29, 44-46, 51, 52], three were from SNNR [30, 47, 49], two
were from Benishangul Gumuz [4, 25], and one from Oromia[50] regions respectively. A total
sample size of 5834 participants’ children was included in the final analysis. The mean (+=SD age

of the participants was estimated at 8.2(+3.6) years. More than half (N=9/13, 69.2%) of studies
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recruited cohort design [25, 30, 45, 47, 49, 51, 52], and 38.8% of the included [4, 29, 44, 48, 51]
papers used > 10 years of follow-up (Tabel 1).

Table 1: Characteristics of included articles/studies reporting the prevalence of TB in HIV-
positive children in Ethiopia after ART initiation in Ethiopia.

Descriptive of reports of included studies

The majority (7/13= 53.8%) [4, 25, 30, 44-46, 50] of studies reported TB magnitudes, whereas
the remaining four [29, 47, 51, 52] included crude incidence. The highest (23.6%) and the lowest
(7.2%) TB burden were reported in the southern nations (SNNR) [30] and Amhara [29] regions,
respectively. The final meta-analysis report indicated the pooled active TB prevalence among
children after ART was estimated at 12.1% (95% CI: 10.7-13.4; 12 = 63.4%, p=0.001) (Figure 2).

Figure 2: Forest plot of the pooled prevalence of active TB | HIV-infected children
Sub-group-analysis using selected themes

In our subgroup analysis, we examined TB prevalence among HIV-positive children based on
study regions and settings. Among studies conducted in hospital setups, the TB prevalence was
slightly lower at 11.05% (95%CI: 9.4-12.3) compared to facility-based studies with a prevalence
of 14.1% (95%ClI: 11.74-16.33) (Figure 3).

Figure 3: Forest plot of subgroup analysis by study setting for Active TB in HIV-infected children
We also conducted a subgroup analysis based on the study regions. The pooled TB prevalence
among HIV-positive children after ART initiation was significantly higher in studies conducted
in the Oromia region at 15.6% (95%CI: 10.2-20.6) compared to studies conducted in the SNNPR
region with a prevalence of 12.8% (95%CI: 10.03-15.67) (Figure 4).

Figure 4: Forest plot for subgroup analysis by follow-up time of active TB in HIV-infected children

Similarly, we conducted a subgroup analysis based on different follow-up periods for the

sampled population. The pooled TB prevalence among HIV-positive children after ART
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initiation with a follow-up period of <10 years was significantly higher at 13.67% (95%CI: 11.24
--15.1) compared to a longer follow-up period of >10 years, which had a prevalence of 10.9%
(95%CI: 9.1-12.8).

Associated Risk factors for active TB

n this systematic review, we analyzed adjusted odds ratios from primary studies to identify risk
factors for the occurrence of active tuberculosis (TB) among HIV-infected children. The-themes

demonstrated that advanced WHO clinical stages Ill and IV (AOR = 2.27, 95% CI: 1.81-2.83),
missed cotrimoxazole preventive therapy (CPT) (AOR = 3.26, 95% CI: 1.57-5.28), baseline
hemoglobin levels <10mg/dl (AOR = 4.26, 95% CI: 3.47-5.24, 12=43.3, P=0.001), and missed
isoniazid preventive therapy (IPT) (AOR = 2.28, 95% CI: 1.99-3.08) were predictive factors for

the occurrence of active TB.

Effects of missed IPT on TB occurrence for children living with HIV

We found four published articles that examined the relationship between missed isoniazid
preventive therapy (IPT) and the occurrence of active TB. The final meta-regression analysis
showed that missed IPT increased the risk of active TB by 2.28 times compared to the control
groups (AOR = 2.28, 95% CI: 1.99-3.08) (12 = 82.8%, P = 0.03) (Figure 5).

Figure 5. Forest plotted-for impact of missed IPT among active TB in HIV-infected children.
Effects of missed CPT on TB incidence

We identified four published articles that investigated the association between missed
cotrimoxazole preventive therapy (CPT) and the occurrence of active tuberculosis (TB). The
final meta-regression analysis revealed that the odds of developing active TB were 3.26 times
higher in HIV-infected children who missed cotrimoxazole preventive therapy (AOR = 3.26,
95% ClI: 1.57-5.28) (Figure 6).

Figure 6. Forest plotted for the impact of missed CPT among active TB in HIV-infected children.
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Impacts of advanced WHO clinical stages 111 &IV on TB occurrence

Accordingly, in a meta-analysis of four studies, the odds of tuberculosis occurrence among HIV-
infected children in WHO clinical stages 11l and IV were 2.27 times higher compared to those in
WHO clinical stages 1&Il (AOR = 2.27, 95% CI: 1.81-2.83).

Impacts of declining haemoglobin level on TB occurrence
HIV-positive children with baseline hemoglobin levels <10mg/dl had 4.26 times higher odds of

developing tuberculosis (TB) compared to those with baseline hemoglobin levels >10mg/dl. This
conclusion is based on data from six studies involving 2,371 participants (AOR = 4.26, 95% CI:
3.47-5.24, 12=43.3, P=0.001).

Random effect Meta-Regression

In the final report of this meta-analysis, a random-effects meta-regression analysis was
conducted, considering covariates such as sample size and follow-up period. The analysis
revealed that neither the sample size (P= 0.14) nor the follow-up periods (P= 0.42) significantly
influenced heterogeneity, as shown in the analysis (Tables 2).

Sensitivity Analysis

The sensitivity analysis showed that all studies were within the confidence interval bounds of the
meta-regression. Egger's (P=0.01) and Begg's tests (P=0.01) indicated no significant publication
biases.

Publication bias assessment

The publication bias was checked based on the symmetry of the funnel plots and quantitatively
using Begg’s and Egger's tests. We carried out Egger's regression and the report indicated the

absence of publication bias with P=0.064(Figure 7).

Figure 7: Funnel plot for active TB for HIV-infected children
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Discussion
In this meta-analysis, 13 individual studies with a total of 5834 participants were included.

Among them, 834 HIV-positive children were found to have active tuberculosis (TB). The
pooled prevalence of active TB in HIV-co-infected children, estimated during the meta-analysis,
was 12.07% (95%Cl: 10.73 - 13.4, 12 = 63.4%; P = 0.001). This finding is higher than previously
reported in 0.78% in Ethiopia[53],43% in SSA countries [54], and 1.03 % in Portugal[55]. It is
lower than the previous meta-analysis reported 15% in middle-income countries [56, 57]. The
variation in pooled TB prevalence in Ethiopia at the national level may be attributed to
differences in study time and variations among the included studies[58]. Conversely, the finding
of this finding at 2016 , which is 32% in Nigeria [59]. The lower TB prevalence in this
Ethiopian meta-analysis compared to the 2016 study in Nigeria can be attributed to differences in
study populations, settings, TB control measures, and various factors such as study methodology,
sample size, healthcare infrastructure, access to diagnostics, treatment practices, and regional
differences. The Ethiopian health ministry's efforts to improve TB control are likely a
contributing factor. It is important to consider specific context and population characteristics

when interpreting and comparing prevalence findings.

In this meta-analysis report, there is high heterogeneity among studies was observed and, a
subgroup analysis was conducted by study regions and follow-up periods, revealing a significant
variation in the pooled TB prevalence among HIV-positive children. The active TB prevalence in
the Oromia region was estimated at 15.6% (95%CI: 10.2-20.6), compared to 12.8% (95%CI:
10.03-15.67) in the SNNR region. Additionally, the pooled TB prevalence with <10 years of
follow-up period was higher at 13.67% (95%CI: 11.24-15.1) compared to studies with >10 years
of follow-up, which had a prevalence of 10.9% (95%CI: 9.1-12.8). The possible reason for the
variations in pooled TB prevalence can be influenced by factors such as population density,
socioeconomic conditions, healthcare infrastructure, access to healthcare services, transmission
dynamics, co-infections, diagnostic practices, and duration of follow-up[58].

The risk of active TB occurrence among HIV-infected individuals was determined using
predictors through a random-effects meta-regression analysis. It was found that studies including

children in advanced clinical stages (I11&IV) had a 2.27 times higher risk of developing active
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TB, as indicated by a meta-analysis of four studies. This finding is consistent with several meta-
analyses reported in Ethiopia[60-63]. This might be because the advanced clinical stage of
&IV will have a low CD4 count and finally be unable to define the lethal opportunistic
infection incidence during successive follow-ups up including TB [64].

The risk of developing active TB was 4.26 times higher for HIV-infected children with Hgb
<10mg/dl compared to those with Hgb >10mg/dl, as indicated by the six meta-analysis studies
included. This is consistent with the previous study findings [9, 18, 65]. This might be due to that
anemia leads to the development of infections including TB by impairing the function of

hemoglobin levels and exposure indirectly to the incidence of opportunistic infection.

The final report of this meta-analysis indicated children living with HIV/AIDS who missed or
did not receive CPT had a four-fold higher risk of developing active tuberculosis (TB) as
compared with counter groups. This is consistent with previously reported mat-analysis in
Ethiopia [9, 16, 66]. This might be due to cotrimoxazole, which is prescribed as preventive
therapy for HIV-infected children to counteract weakened immunity and reduce lethal
opportunistic infections including Pneumocystis jirovecii pneumonia (PCP), toxoplasmosis, and
TB and playing a crucial role in improving health outcomes and lowering morbidity and
mortality associated with HIV/AIDS. In summary, prescribing cotrimoxazole aims to enhance
immune function, diminish the risk of opportunistic infections, and improve overall health

outcomes in the context of compromised immunity due to HIV.

HIV-positive children to prevent the progression of latent TB infection to active TB disease. It

significantly reduces the risk of developing active TB in this population. Implementing IPT can

help reduce the burden of TB and improve health outcomes for HIVV-positive children.
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Consistent with previous studies[25, 45, 46, 51, 67-71], concurrent administering of IPT after
ruled-out of active TB symptoms with HAART demoted more than 90% of TB-associated
incidence of morbidity and mortality [3, 34, 35]. This might be because IPT with HAART
administration is effective in reducing the reactivation of latent mycobacteria in the lungs,
thereby reducing the incidence of tuberculosis-associated morbidity and mortality in children.
However, some challenges need to be addressed however completion rate is lower by patients
[25, 72].

In contrast to previous systematic review findings[9, 66] and primary studies reported [25, 45,
46, 51, 67-71]this meta-regression found no significant association between declined CD4 count
(200 cells/ml), age of patients, duration of follow-up, comorbidity status, and functional status
with the risk developing active TB in HIV co-infection children. This might be related to the
methodological differences, heterogeneity of included study populations, sample size limitations,
publication bias, and unaccounted factors, and further experimental studies are highly needed to

better understand this relationship
Strengths and Limitations of the Study

The strengths of this study include an extensive search strategy, clear inclusion criteria, and the
involvement of three independent authors in the quality assessment. However, there are several
methodological limitations to consider. Firstly, there is a scarcity of well-described TB reports
among studies in HIV-positive children compared to similar studies in adults. Furthermore,
limitations such as reliance on clinical stratification or non-laboratory-supported staging, sub-
standard diagnostic capacities in health facilities, a small number of included studies, and the use

of retrospective data may potentially impact the validity of the results.
Conclusion and recommendation

More than one in ten HIV-infected children in Ethiopia develop active TB. Risk factors include
advanced WHO clinical stages IV and Ill, as well as low hemoglobin levels. Effective
management involves concurrent and continuous use of CPT, IPT, and ART for children living
with HIV. Adherence to screening and management guidelines, including isoniazid and co-
trimoxazole prevention, is crucial for healthcare professionals. Policymakers should enhance TB
prevention strategies for at-risk children, and parents should prioritize feeding, adherence, and

nutritional support for better outcome
13
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TB: Tuberculosis, WHO; Whorl Health Organization, FOM; Federal Ministry of Health, HIV;
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Health-Organization, IPT, isoniazid preventive Therapy CPT, co-trimoxazole preventive therapy

OIS; opportunistic infection
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Figure 7: Funnel plot for active TB incidence among HIV-infected children
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Abstract
Background:
Despite the effectiveness of antiretroviral treatment in reducing morbidty and mortality from

opportunistic_infections among children living living with HIV (CLHIV), tuberculosis (TB)

remains a significant cause of mortality,accounting one in every three deaths. However, in

Ethiopia, there is a lack of aggregated data on pooled prevalence of TB and HIV co-infection for

children living with HIV. Therefore, this meta-analysis aims to estimate the prevalence of active
TB in HIV-infected children nationwide after initiating ART between December 30, 2012, and

January 1, 2023.

Methods;
A systematic review of observational studies was used in published articles from December

30/2012 to January 1% / 2023. PubMed, MEDLINE, WEB OF SCIENCE, Scopus, and Google
Scholar were used to extract 1235 articles. PRISMA guideline was used for the final study. The

extraction of data was summarized using descriptive analysis. We pooled TB prevalence and
odds ratio (OR) estimates for risk factors after checking heterogeneity and publication biases.
The heterogeneity across the studies was assessed using Cochran's Q test and 12 statistic.

Results: -

A total of 13 studies were included for meta-analysis. The mean age of participants (N= 5834)
was estimated at 8.2(+3.6) years. The overall pooled prevalence of tuberculosis was determined
as 12.07 %(95%Cl; 10.71 - 13.41; 1> = 63.4%, P= 0.001). In the subgroup analysis, the estimated

pooled TB prevalent showed a significant difference between hospital set-up and facility-based
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studies, which was11.05% (95%CI: 9.4- 12.3) &14.1%; 95%Cl: 11.74- 16.33), respectively.
Significantly pooled estimated risk factors of TB occurrence by a meta-analysis were being
advanced clinical stage 11&IV (OR= 2.27: 95%CIl: 1.81--- 2.83), and Hgb <10mg/dl (OR=4.26:
95Cl: 3.4---5.24) were all predictors for active TB.

Conclusion;

Overestimation of active TB cases among HIV-positive children in Ethiopia was observed, with

approximately one in ten affected. Risk factors for active TB included WHO clinical stages IV

and 111, as well as low hemoglobin levels. Effective management involves providing concurrent

and continuous CPT (Cotrimoxazole preventive therapy), IPT (Isoniazid preventive therapy), and

ART (antiretroviral therapy) for children living with HIV.

Introduction

Around the world, TB is the most common opportunistic infection and cause of morbidity and
mortality for both adults and children living with HIV [1, 2]. The synergy between TB and HIV
infection is strong; TB is the leading cause of death and HIV infection is the strongest risk factor
for active TB occurrence through target reduction of CD4 count and cellular immunity [3, 4].
The waning of the immune system increases the endogenous reactivation of dormant TB bacilli
in the lung[5]
Globally, in 2017, the twins epidemic of TB and HIV infection was responsible for 0.3 million
deaths for children living with HIV [6-8] and had a risk of 15-22 times more than children
without[9]. Despite breakthroughs in diagnosis and the widespread availability of chemotherapy,
TB-related mortality in children accounts for 40% of global TB deaths, 25% of in-hospital
deaths, and 18% of inpatient hospitalizations [8, 10-12].

In 2019, 1.7 million TB deaths were reported globally, making TB the largest cause of mortality

from a single infectious agent (ranked higher than HIV/AIDS)[12, 13]. Africa is the second TB
3



burden region (25%) next to Southeast Asia (44%) [13, 14], and in which-a third of TB/HIV-
associated deaths were reported from children living with HIV [12, 15, 16]. As well, in 2018,
there were about 251,000 deaths from TB among PLWHIV, which accounts for 33% of the total
deaths associated with HIV, which is much higher than the case fatality rate expected <5 % by
WHO [17, 18].

In Sub-Saharan African countries, 10%-15% of the population suffered from the twine
epidemic [19, 20]. The risk of developing TB disease is 21 times higher for people living with
HIV and 51% lifetime risk of TB than those without HIV patients (1, 2). In Ethiopia in 2016, an
estimated 710,000 people were living with HIV, and 62,000 of them were children living with
HIV [21, 22]. Extra-pulmonary Tuberculosis (EPTB) is the most common kind of tuberculosis
(TB) diagnosed and treated in seropositive children, and TB is responsible for one out of every
four deaths in resource-limited settings [9, 23]. According to national profiles of TB and HIV
patients, 11% of TB cases had HIV, while 9.1% of HIV patients had active TB [17, 24, 25].
Several small-scale studies in Ethiopia found TB incidence ranging from 7.2% in Amhara [26] to
23.6% in the south [27] regions. Despite concomitant administration of ART with IPT
demoting> 80% of active TB[5], due to their age and immune-suppressing of HIV, children
experienced active TB incidence [28]. There have been numerous small-scale studies on the rate
of TB/HIV co-infection [1, 29-32], but there is no pooled TB estimate reported in Ethiopia.

Thus, this systematic review and meta-analysis report aimed to estimate the pooled prevalence of

active tuberculosis in HIV-infected children at national levels after ART started from December
30/2012 to January 1st, 2023

Objectives of the study
Objectives

AN

» Determining pooled Tuberculosis-incidence in HIV-positive children in Ethiopia

» ldentifying Predictors for TB Incidence among Children Living with HIV in Ethiopia




We conducted a systematic review of published and unpublished articles from multiple
databases, including PubMed, HINARY, WEB OF SCIENCE, Africa Journals Online, and
Google Scholar. The search focused on English language articles published between December

30, 2012, and January 1, 2023. We employed controlled vocabulary terms (MeSH) and free text

to extract relevant articles. The search encompassed various databases such as PubMed,
MEDLINE, HINARY, Africa Journals Online, and Google Scholar, and included topics such as
active tuberculosis, pulmonary TB, extrapulmonary TB, HIV infection, individuals, children,

pediatrics, neonates, lymphadenitis, disseminated TB, and Ethiopia. The search terms used to

identify relevant studies included "Epidemiology" OR "Incidence” OR "Case fatality" AND

"Tuberculosis” OR "Pulmonary Tuberculosis” OR "Disseminated Tuberculosis” OR
"Lymphadenitis" AND "HIV" OR "AIDS" AND "Children" OR "Pediatrics" OR "Infant" AND
"Ethiopia". We considered articles published between December 30, 2012, and January 1, 2023,

and utilized cross-sectional, retrospective, and prospective cohort study designs in the search

process. The selection criteria were predefined to identify the most relevant studies for the

review.

Study Design and Quality Assessment



Included articles in this study had cross-sectional, retrospective, and prospective cohort study
designs published from December 30/2012 to January 1%, 2023. The PRISMA-2020(preferred
Reporting Item for systematic reviews and Meta-Analysis standard was used to perform the
frame of the whole review process for this study (Supporting file =S1). The quality of the
included articles was assessed by three independent reviewers (FK, MM&TS) using Joana
Brigg's Institute (JBI) critical appraisal checklist [33, 34]. We employed multiple checklists
depending on the type of study, design of published publications, and the criteria to develop the
final report into three categories: good, bad, and fair quality reviews. Any critical appraisal
discrepancies among reviewers were resolved through discussion with the third-person reviewer
(TK) {supporting file=S2).

We used the preferred Reporting Item for systematic reviews and Meta-Analysis Protocols
(PRISMA-2020) for this study[35]. Three independent reviewers assessed each included article's
quality using the Newcastle-Ottawa Scale, and AHRQ standards (good, fair, and poor), and

scales were given for all articles {suppertingfile=S2}-[36, 37].

Inclusion criteria:

We included scientific papers that reported the following criteria for the final analysis

1. We included studies that reported TB and HIV co-infections among seropositive children in
Ethiopia

2. We only considered cross-sectional and/or cohort studies as observational studies.

3. Articles containing prevalence or incidence reports of TB in HIV-positive children

4. A scientific paper published before January 1%, 2023with the study subjects only on children
<15 years

Exclusion criteria

Articles without a journal name and /or author, conference proceedings, presentations, and

reviews were excluded from the final meta-analysis.

Outcome ascertainment

The outcome variable for this review was the TB occurrence in HIV-positive children. We

searched articles that measure this outcome. Before analysis, the log transformation of the odds



ratio was performed. A forest plot was generated to show the individual and pooled mortality

proportions at 95%CI of the respective authors and years of publication.

Operational definition

Seroprevalence: All children <15 years having human immune deficiency virus through their
blood started chronic HIV/AIDS care [38].

Prevalence: The number of new cases of TB divided by risk HIV-positive children after highly
active antiretroviral therapy-initiated time with 100%.

Data synthesis and extraction

All citations identified by our search strategy, which were potentially eligible, were exported to
End-Note-7 and removed the duplications. Titles and abstracts of articles were screened by three
independent reviewers (FK, DT, and TK). The disagreement during the screening was resolved
by 2/3 reviewer consensus. The full texts were then assessed by the same reviewers according to
the specific criteria for final inclusion.

QUALITY ASSESSMENT AND APPRAISAL PROCEDURES

The data extraction and appraisal of each study quality were independently conducted by two
authors (FK, and TK) for checked study titles and abstracts for eligibility after delating
duplication. Any discrepancy or ambiguity during article extraction process was resolved by
discussion. The full text articles were evaluated by same those reviewers if at least one of them
thought an article has potentially importance, it was eligible. Two Authors (FK, and TK).)
extracted details of each article information by using Microsoft-Excels spreadsheet after the
paper were scrutinized for their titles, abstracts, and entire text. All studies approved by both
authors agreements and any difference were worked out through, discussion to reached censuses.
Following the agreement, the information about principal investigators, years of publication,
study periods, study setting, study population, and sample size was retrieved from the identified
articles. Each of the included studies’ risk of bias was assessed by all listed authors (FK, DT,
and BN) investigators. The quality of the included articles was assessed using the New-Ottowa
quality evaluation checklists was used to assessed the quality of the studies included in the final



meta-analysis. We employed multiple checklists depending on the type of study design of
published paperes, and the criteria to develop the final report into three categories: good, bad,
and fair quality result, and any critical appraisal discrepancies among reviewers were resolved
through discussion with consusnce. Studies particiapnts, and setting, research design , recruiting
technique, response rate, sample representativeness, valid measuring convention, measurement
reliability, and proper statistical analysis are all included in the quality evaluation checklist.
DATA SYNTHESIS AND ANALYSIS PROCEDURES

All the identified and potentially eligible published articles citations were exported and collected
using End- Note X8.1 and removed the duplications. After the titles abstracts of articles were
screened by two independent reviewers (FK, and TK) and the full texts were then assessed by the
same reviewers according to the specific criteria for final inclusion. We used STATA version "11
for further data analysis after the collected data were cleaned and modified on Microsoft-Excels
spreadsheet. The outcome of the review was displayed using descriptive statistics. We used a
random- effect model to assess the overall epidemiological survival patters and proportions of
COVD-19 recover post admission as inpatients in Ethiopia, as well as statistically significant
variable with their 95% CI’s[39]. Meta-prop package was implemented to estimate the pooled
proportion of recovery of COVDI-19 post hospitalized of cases in Ethiopia, and the pooled
hazard ration of the associated predictors for time to recovery for COVDID-19 were evaluated
from each article. The Higgs I? statistics was also utilized to detect heterogeneity. Heterogeneity
between studies was elaborated using Cochran's Q test and quantified with the 12 statistics. The
magnitudes of statistical heterogeneity between studies were assessed using |12 statistics and
values of 25%, 50%, and 75% were considered to represent low, medium, and high respectively.
The subgroup analysis and sensitivity analyses were also used to investigation the source
heterogeneity among the studies included. A P-value of > 0.1 was considered to suggest
statistically significant heterogeneity, considering the small number of studies. For further
clarification on the source of heterogeneity, the random effect meta-regression was reported on
the study setting, regions, and study population were done by subgroup analysis.

Heterogeneity and publication Biases assessment

Heterogeneity between studies was elaborated using Cochran's Q test and quantified with the 12

statistics[40]. The magnitudes of statistical heterogeneity between studies were assessed using 12
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statistics and values of 25%, 50%, and 75% were considered to represent low, medium, and high
respectively. A P-value of > 0.1 was considered to suggest statistically significant heterogeneity,
considering the small number of studies and their heterogeneity in the design[39]. For further
clarification on the source of heterogeneity, the random effect meta-regression was reported on
the study setting, regions, and study population by subgroup analysis. The publication biases
were assessed by visual inspection of funnel plots and the graph suggested the absence of
publication biases. For asymmetrical graphs during meta-analysis, we quantitatively assessed
Egger’s weighted regression at p <0.1[41, 42]. In addition, we performed a leave-one-out
sensitivity analysis to confirm a study with a biased direction of pooled estimates of Begs and
Eggers tests[39] as shown in supplementary file (S3).

Result

Included Studies screening

Overall, 1221 primary studies were identified, 43 from Web of Science, 631 from PubMed, 352
from Medline, 15 from Scopus, and the remaining 162 articles were extracted from Google
Scholar. After the screening of duplication, 1208 articles were excluded through reading their
titles and abstracts. The remaining 13 articles met the final inclusion criteria and included for
reports (Fig 1). Thirteen (N=13) individual studies were included final analysis [1, 4, 23, 26, 27,
29, 43-49]. Seven of those articles were from Amhara [1, 26, 29, 43, 48, 49], three were from
SNNR [27, 44, 46], two were from Benishangul Gumuz [4, 23], and one from Oromia[47]
regions respectively. A total sample size of 5834 participants’ children was included in the final
analysis. The mean (£SD age of the participants was estimated at 8.2(+3.6) years. More than half
(N=9/13, 69.2%) of studies recruited cohort design [23, 27, 29, 44, 46, 48, 49], and 38.8% of the
included [4, 26, 43, 45, 48] papers used > 10 years of follow-up (Tabel 1).

Descriptive of included studies

The majority (7/13= 53.8%) [1, 4, 23, 27, 29, 43, 47] of studies reported TB magnitudes,
whereas the remaining four [26, 44, 48, 49] included crude incidence. The highest (23.6%) and
the lowest (7.2%) TB burden were reported in the southern nations (SNNR) [27] and Amhara

[26]_regions, respectively. The final meta-analysis report indicated the pooled active TB




prevalence among children after ART was estimated to be 12.1% (95% CI: 10.7 - 13.4; 12 =
63.4%, p=0.001Meta-analysis

Sub-group-analysis

We conducted a subgroup analysis based on study regions and study settings to determine TB
prevalence. In our subgroup analysis, TB prevalence among HIV-positive children in studies in
Hospital setup was slightly lower than facility-based studies at 11.05% (95%ClI: 9.4- 12.3 Vs.
14.1%; 95%CI: 11.74- 16.33). We also carried out a subgroup analysis based on the study
regions of sampled pollution. Accordingly, the pooled TB prevalent in HIV-positive children
initiated after ART in studies conducted in the Oromia region was significantly higher than
studies conducted in 15.6% (95%Cl:10.2- 20.6) as compared with studies conducted in the
SNNPR region 12.8%(95%Cl: 10.03- 15.67) (Fig 2 and 3).

Likewise, we conducted a subgroup analysis based on follow-up periods for the sampled
population. The pooled TB prevalent in HIV-positive children after ART initiated with <10(120)
years of the follow-up period were significantly higher than 13.67%(95%Cl: 11.24 - 15.1)
compared with a longer period' of follow-up time >10 years 10.9%(95%CI;9.1- 12.8) (Fig4& 5).
Associated Risk factors

Adjusted odds ratios from primary studies were organized into three themes to identify risk
factors for TB occurrence. Advanced clinical stage (WHO), baseline hemoglobin level, and
isoniazid preventive therapy (IPT) were assessed. Because of that, advanced clinical stages and
IPT were found to be statistically significant. Accordingly, the odds of tuberculosis occurrence
among HIV-infected children who were in WHO clinical stages Il and IV was 2.27 times more
likely higher than those in WHO clinical stages I&Il in a meta-analysis of four studies (OR=
2.27: 95%Cl: 1.81-- 2.83, |2 = 31.5%, P-value < 0.001) (Figure 5 &6).
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The odds of developing TB among HIV-positive children for those who had baseline Hgb levels
<10mg/dl was 4.26 times more likely than those having baseline Hgb >10mg/dl using 2371
participants from six studies (OR=4.26: 95CI: 3.47—5.24, 12=43.3, P=0.001)

Sensitivity analysis

We performed a leave-one-out sensitivity analysis for the sake of potential sources of
heterogeneity in the included studies for pooled TB prevalent as shown in supporting file (S3).
Publication bias

The publication bias was checked based on the symmetry of the funnel plots and quantitatively
using Begg’s and Egger's tests. We carried out Egger's regression and revealed the absence of
publication bias with P=0.064. Nevertheless, checking out the funnel plot is slightly as
symmetrical as shown in (Fig 7).

Discussion
In this meta-analysis, 13 individual studies with a total of 5834 participants were included.

Among them, 834 HIV-positive children were found to have active tuberculosis (TB). The

pooled prevalence of active TB in HIV-co-infected children, estimated during the meta-analysis,
was 12.07% (95%Cl: 10.73 - 13.4, 12 = 63.4%; P = 0.001).This finding is higher than previously
reported in 0.78% in Ethiopia[50],43% in SSA countries [51], and 1.03 % in Portugal[52]. It is
lower than the previous meta-analysis reported 15% in middle-income countries [53, 54]. The

variation in pooled TB prevalence in Ethiopia at the national level may be attributed to

differences in study time and variations among the included studies[55].

Conversely, the finding of this metanalysis report is lower than 2016 studies reported in 32% in

Nigeria [56]. The lower TB prevalence in this Ethiopian meta-analysis compared to the 2016

study in Nigeria can be attributed to differences in study populations, settings, and TB control

measures. The Ethiopian health ministry's efforts to improve TB control have likely contributed.

Variations in study methodology, sample size, healthcare infrastructure, access to diagnostics,

treatment practices, and regional differences also influence prevalence rates. Considering

specific _context and population characteristics is crucial when interpreting and comparing

prevalence findings.
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than 13.67%(95%Cl: 11.24 - 15.1) compared with a long period of follow-up time >10 years
10.9%(95%Cl;9.1- 12.8).
Concerning the associated risk factors of TB, the final report of this meta-analysis showed that

children in advanced clinical stages (111&IV) were at 2.27 times the increased risk of developing
active TB in a meta-analysis of four studies (OR= 2.27: 95%CIl: 1.81-- 2.83, 1> = 31.5%, P=
0.001). This was supported by several meta-analyses reported in Ethiopia [58-61]. This might be
because the advanced clinical stage of 111&IV will have a low CD4 count and finally be unable
to be defined with lethal opportunistic infection incidence during successive follow-up of care
including TB [62].

This study findings also revealed that the risk of developing active TB was 4.26 (OR=4.26:
95ClI: 3.47-- 5.25, 12=43.3, P=0.001) times greater in HIV-positive children with Hgb <10mg/dl
than in those with Hgb >10mg/dl in the six included meta-analysis studies. This is consistent

with the previous study reported [12, 63, 64]. This might be due to that anemia leads to the
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development of infections including TB by impairing the function of hemoglobin levels and
exposure indirectly to the incidence of opportunistic infection. Finally, efforts should be made to
obtain a microbiologically confirmed TB case from suspected children to highlight their survival
quality. Compared to microscopy, the Xpert MTB/RIF assay has better sensitivity for early
diagnosing active TB in children, and its scale-up will improve access to tuberculosis diagnostics
for children, as HIV-infected children are double risky for active TB.

Strengths and Limitations of the Study

The use of an extensive search strategy and clear inclusion criteria for the study population and
the three independent authors' involvement in the quality assessment were among the top three
strengths of this study. However, there are several methodological limitations to this analysis.
First and most, there was a paucity of well-described TB reports among studies in HIV-positive
children relative to the comparable findings in adult studies.

Conclusion and recommendation

Overestimation of active TB cases among HIV-positive children in Ethiopia was observed, with

approximately one in ten affected. Risk factors for active TB included WHO clinical stages 1V

and 111, as well as low hemoglobin levels. Effective management involves providing concurrent

and continuous CPT (Cotrimoxazole preventive therapy), IPT (Isoniazid preventive therapy), and

ART (antiretroviral therapy) for children living with HIV. Health professionals should adhere to

screening and management quidelines, including isoniazid and co-trimoxazole prevention.

Policymakers should enhance TB prevention strategies for at-risk children, and parents should

prioritize feeding, adherence, and nutritional support for better outcomes.

Recommendation

Special attention and efforts to reduce the burden of TB among HIV-positive children should be

applied in Ethiopia. Health professionals working with HIV-positive children should routinely
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screen and manage opportunistic infections based on the recommended guideline and address
isoniazid and co-trometamol preventive therapy during consecutive follow-ups. Moreover,
policymakers should incorporate early prevention strategies for TB by enhancing screening and
treatment principles for risky children. Parents of HIV-positive children should improve their
feeding, drug adherence, and nutritional support to prolong survival outcomes

Abbreviation

TB: Tuberculosis, WHO; whorl health organization, FOM; federal ministry of Health, HIV;
human immune deficiency varies, HAAR: highly active antiretroviral therapy, WHO; Whorl
Health Organization, IPT, isoniazid preventive Therapy CPT, co-trimoxazole preventive therapy
OIS; opportunistic infection
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Table 1: General characteristics of the included articles/studies with finally describing reports of

the prevalence of TB in HIV-positive children in Ethiopia after ART was started

i Follow u Stud i
Author Year | Region Design SSg;nple elz/gl:an Events | Prevalence lIDanz\l(dencelloo time p settirzlg Quality
6|79 12.2 42 5 HT&HC | 3
Muluget et.al [29] 2016 Ambhara Follow up 647
8 | 52 12.4 59 5 HT 3
Kebede et . al [23] 2021 Benishangul Cohort 421
9 | 189 23.6 7.9 5 HT&HC | 3
Tiruneh et.al [27] 2020 SNNRS cohort 800
103 | 64 14.9 5.78 10 HT&HC 3
Kebede et.al [4] 2021 Benishangul Cohort 428
9| 113 134 3.36 5 HT&HC 3
Tiruneh et.al [46] 2020 SNNRS Cohort 844
6.7 | 34 9.6 2.63 13 HT 3
Endalamaw et.al[43] 2018 Ambhara Cohort 352
6 | 67 15.6 6.03 5 HT 3
Tessu et.al [47] 2019 Oromia Cohort 428
9.8 | 44 16.2 49 6 HT 3
Gebeyehu et.al [1] 2015 Amhara Follow up 271
6.3 | 42 103 | e 15 HT&HC 3
Woubale et.al [48] 2020 Ambhara Cohort 408
73| 25 72| HT 3
Sissay et.al [26] 2022 | Amhara Follow up | 349 11
79 | 57 105 | - 6 HT 3
Megquanente et.al [49] 2022 Amhara Cohort 389
57 15.9 2.0 14 HT 3
Endalk et.al [45] 2022 Amhara Follow up 358 8.3
11 79 | - 6 HT 2
Westerlund et.al [44] 2014 Arba Minch Cohort 139 59

* HC= Health center, HT= hospital
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Recode identified through database

- searching including (N=1221) Additional recode identified through

g \&IESSEE%I\E;;:S (N=43) snow b_oyvling an.d retrieving references

S SCOPUS=(N= 15) from eligible studies (N= 19)

= PUBMED (N=631)

b= GOOGLE (N=162)

(5]

h=)
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% Recorded after duplication removed (N=854)
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m l

- 2
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S ( ) ‘ Initial article Excluded by titles (N=532)
2 Article excluded by Abstracts (N=187)
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Full-text articles assessed for eligibility (N=135) Excluded by the outcome as death (N= 93)
‘ Full-text excluded by reasons (N=29)
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E

E Included Articles for Meta-Analysis (N= 13)

Figure 1: A PRISMA flow diagram for describing the flow chart of selected articles eligible for reviewing
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Study Authors
Effect size (95% CI) Weight %

Mulugeta et.al (2016) T 1220 (7.30, 17.10) 745
Kebede ct.al (2021) + 1240 (7.47,17.33) 738
Tiruneh etal (2020) i & 2360 (17.40, 20.80) 466
Kebde etal (2022) —i¢~ 14.90 (9,61, 20.19) 630
Tiruneh et.al (2020) -IO- 13.40 (231, 18.49) 642
Endalamaw et.al (2018) -OI- 0.60 (517, 14.03) o.11
Tessu etal (2019) %0- 15,60 (10.22, 20.98) 617
Gebeyehu ctal (2015) - 16.20 (10.74, 21.66) 801
Wubale et.al (2020) 4:‘ 10.30 (5.73, 14.87) 857
Sissay etal (2022) +i 7.20(3.33, 11.07) 11.96
Mequanente et.al (2022) -0:- 10.50 (5.88, 15.11) B43
Endalkie etal (2022) J:"" 15.90 {10.48, 21.32) 600
Westerlund et.al (2014) "J: 7.90 (3.85, 11.65) 10
Overall (I-squared = 63.:4%, p = 0.001) e 1207 (1073, 13.41) 100.00

|

|

' T

a 100

Fig2. Forest plot of the pooled prevalence of active TB in HIV- infected children in Ethiopia
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Study

%

D ES (95% Cl) Weight
HT&HC
Muluget et.al (2016) 12.20 (7.30, 17.10) 745
Tiruneh et.al (2020) 23.60(17.40,29.80)  4.66
Kebde et.al (2022) 14.90 (9.61, 20.19) 6.39
Tiruneh et.al (2020) 13.40 (8.31, 18.49) 6.92
Wubale et.al (2020) 10.30 (5.73, 14.87) 8.57
Subtotal (I-squared = 67.8%, p = 0.014) 14.04 (11.74, 16.33) 33.98
HT
Kebede et.al (2021) 12.40 (7.47,17.33) 7.35
Endalamaw et.al (2018) 9.60 (5.17, 14.03) 9.1
Tessu et.al (2019) 15.60 (10.22,20.98)  6.17
Gebeyehu et.al (2015) 16.20 (10.74,21.66)  6.01
Sissay et.al (2022) 7.20(3.33, 11.07) 11.96
Mequanente et.al (2022) 10.50 (5.89, 15.11) 8.43
Endalk et.al (2022) 15.90(10.48,21.32)  6.09
Westerlund et.al (2014) ! 7.90 (3.85, 11.95) 10.91
Subtotal (I-squared = 56.6%, p = 0.024) <> 11.05 (9.41, 12.70) 66.02

l
Heterogeneity between groups: p = 0.038 :
Overall (I-squared = 63.4%, p = 0.001) Q 12.07 (10.73, 13.41) 100.00

|

|

T T

*HC= health center; HT=Hospital

Fig 3. Forest plot for subgroup analysis of active TB prevalence among HIV infected children stratified by study setting
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Fig4.Forest plot for subgroup analysis of active TB prevalence in HIV-infected children stratified by follow periods
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* Study %
ID ES (95% CI) Weight
i
<10 !
Muluget et.al (2016) —_— 12.20 (7.30, 17.10) 7.45
Kebede et.al (2021) — 1240 (7.47, 17.33) 7.35
Tiruneh et.al (2020) | —— 23.60 (17.40, 29.80) 4.66
Tiruneh et.al (2020) — 1340 831,1849) 692
Tessu et.al (2019) —5—0— 15.60 (10.22,20.98)  6.17
Sissay et.al (2022) —_— 7.20 (3.33, 11.07) 11.96
Endalk et.al (2022) —_— 15.90 (10.48,21.32)  6.09
Subtotal (I-squared = 72.8%, p = 0.001) <& 13.12 (11.24,1500)  50.60
)
|
>10 !
Kebde et.al (2022) — 14.90 (9.61, 20.19) 6.39
Endalamaw et.al (2018) —_— 9.60 (5.17, 14.03) 9.11
Gebeyehu et.al (2015) —— 16.20 (10.74, 21.66)  6.01
Wubale et.al (2020) — 1030 (5.73, 14.87) 857
Mequanente et.al (2022) —0-5— 10.50 (5.89, 15.11) 8.43
Westerlund et.al (2014) —&— 7.90 (3.85, 11.95) 10.91
Subtotal (I-squared = 40.0%, p = 0.139) <> 10.99 (9.08, 12.89) 49.40
|
Heterogeneity between groups: p =0.118 :
Overall (I-squared = 63.4%, p = 0.001) Q 12.07 (10.73, 13.41) 100.00
|
|
-
10



Study %

D ES (95% CI) Weight
1
|

Muluget etal L — 250 (L46,4.29) 17.08
1
|
1

AEndalamaw et.al — 681
1
|

Wubale et.al 4 190(143,253) 60.79
1
1
|

Endalkachew et.al —_— 345(195,6.11) 1532
|

Overall (I-squared = 31.8%, p = 0.222) <> 227(181,283) 10000
1
1
1
1
1
1
1
I

I I
1 10

Fig 5.The pooled prevalence of active TB in HIV-infected children among studies identified by isoniazid
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Study %

D ES (95% Cl) Weight
|

Kebede et.al —— 450 (3.18, 6.36) 35.62
|

Kebde et.al —_— 420(2.13,8.28) 928
|
|

Tessu etal — e 150(191,302)) 224
|

Gebeyehu etal — = 223(108,460) 817
1
|

Sissay etal —_— 2.80 (167, 4.70) 15.88
|
1

Mequanente et.al — 5.80 (3.95,8.53) 2881
1

Overall (I-squared = 43.3%, p = 0.116) @ 4.26(3.47,5.24) 100.00
|
1
1
|
1
:

T T

Fig6. The pooled prevalence of active TB in HIV-infected children among studies identified by Co-trimoxazole
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Fig 7: Funnel plot for the pooled prevalence of TB cases amongst all studies identified for review in Ethiopia
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manuscript and clear, edited, and the introduction of this manuscript cleared it read it again

#2 Please provide separate figure files in .tif or .eps format only and remove any figures
embedded in your manuscript file. Please also ensure all files are under our size limit of 10MB.
Based on PLOS Global public Health Journals manuscript Figure presentation Guideline

# Responses: Thanks for your comment we have amended and wrong reference styles and make as

if the PLOS Global journals submission guide, we had submitted as if it. please read it :

Reviewer #1:

1. Reviewer #1: All comments given in attachment. Q1 and Q2 - main concerns - there may be
one duplicate study population - researchers need to verify that this is not the case. Incidence
data analysis incomplete. The rest of the analyses is done fairly comprehensively and
appropriately. Q3. | could not find the corresponding data file in supplementary files -
although the pdf manuscript states that the data was provided.

# Responses; Thanks for your comments and feedback on our manuscript titled "Meta-Analysis of
Active Tuberculosis Occurrence among Children Living with HIV Post Anti-Retroviral Therapy Initiated
in Ethiopia." We have addressed your concerns regarding duplicate study population and incomplete
incidence data analysis by carefully reviewing our data and methods. We have verified the uniqueness of
each participant included in the meta-analysis and provided additional comprehensive details on the
incidence data analysis in the revised manuscript. We apologize for the missing data file in the

supplementary files and have rectified this issue by including the complete and relevant data file for


https://doi.org/10.1155/2022/9925693
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provide a comprehensive overview. We apologize for any confusion caused by the error or typo in our
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about reason you impute for your results, possible implications of the result especially on preventive
therapies for seropositive children and future interventions you recommend the criticality of addressing
anemia in this group of patients. Moreover, you might also go in depth on similar feature of the studies
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further elaborate on that and compare it to global and national recommendations and the possible
implication your result might have on diagnostic methods ( using more sensitive diagnostic methods for
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improvement. We had provided strong points explaining the reasons behind our results and emphasize the
implications for preventive therapies and the importance of addressing anemia in seropositive children.
We appreciate your valuable input and thorough review, and these revisions. Thank you for your time and
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limited set ups like ours i expect you to delve more in to the scenarios surrounding the studies

you pooled which might hamper the validity of your results. one such factor would be mostly



clinical stratification of seropositive patients or non-lab-supported staging, mostly, and sub-

standard diagnostic capacities of our health facility.
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criteria, and the involvement of three independent authors in the quality assessment. However, there are
several methodological limitations to consider. Firstly, there is a scarcity of well-described TB reports
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such as reliance on clinical stratification or non-laboratory-supported staging, sub-standard diagnostic
capacities in health facilities, a small number of included studies, and the use of retrospective data may

potentially impact the validity of the results.
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#3: Congratulations to the authors for their impactful work in the field of HIV and Tuberculosis,
two serious debilitating infections that significantly impact each other as co-infections. The
study demonstrates several strengths, including a well-chosen topic for meta-analysis and
systematic review, with a large sample size that enhances representativeness. The study also
follows a meticulous plan of action, as documented in the study. The strong conclusion
emphasizes the need for further research and action, including changes in plans and education
for healthcare professionals involved in the care of children living with HIV. Give clarification for
Limitations and Suggestions a) Use standard terminologies across the entire study and please

abbreviate with explanations the first time.

#Responses for reviewer #3; thanks for your response: we have addressed the limitations of this

study. Firstly, we have ensured the use of standardized terminologies consistently throughout the
entire report to enhance understanding and comparability. Secondly, we have provided
abbreviations with explanations the first time they are used, improving readability and
preventing confusion. These improvements have led to enhanced clarity and better understanding

for readers.

b) The methodology is repeated about 4 times in the paper and hence becomes repetitive and cumbersome

and hence would request you to kindly review and see how it may be framed better.
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repetition of the methodology section.

_C)Multiple spelling and grammatical errors to be addressed.
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make it fit to be published for maximal impact.
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