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Abstract

Background: The global health challenge of tuberculosis (TB) and human immunodeficiency virus (HIV) co-infection demands an in-depth
evaluation of TB treatment's safety and efficacy in individuals, regardless of their HIV status.

Objective: This study critically examines the literature to determine the effectiveness of anti-TB therapies among HIV-positive and HIV-negative
patients.

Methods: We conducted a systematic review of the literature by searching databases such as Web of Science, SCOPUS, PubMed, and the Cochrane
Central Register up to 30 August 2023. Using RAYYAN.ALI for initial screening and the R programming language for meta-analysis, we extracted
and analysed outcome data, focusing on treatment success and mortality rates. The analysis included heterogeneity assessment via the I2 test and bias
risk evaluation via the Newcastle-Ottawa Scale.

Results: Our meta-analysis incorporated five observational studies with a total of 28,607 TB patients under treatment. Findings revealed that HIV-
positive patients had a significantly lower likelihood of TB treatment success and a higher risk of mortality compared to HIV -negative patients,

indicating the detrimental impact of HIV on TB treatment outcomes.

Conclusion: The study highlights a significant association between HIV-positive status and adverse TB treatment outcomes, emphasising the urgent
need for targeted interventions to enhance treatment success and reduce mortality among HIV-positive TB patients.

Keywords: Anti-tuberculosis drugs, HIV, Safety, Effectiveness, Meta-analysis.

Introduction

Tuberculosis (TB) and human immunodeficiency virus (HIV) co-infections present a complex and challenging scenario for
healthcare systems worldwide, particularly affecting people living with HIV (PLHIV)."? TB remains a leading cause of death among
PLHIV, especially in regions with high HIV prevalence such as sub-Saharan Africa and Southeast Asia, where co-infection rates are
significantly elevated.>*> In 2022, the World Health Organization (WHO) estimated that 1.5 million people died of TB, a substantial
proportion of whom were co-infected with HIV.¢

HIV significantly increases the risk of TB reactivation in individuals with latent TB infections and accelerates the progression of
both diseases. The weakened immune system caused by HIV predisposes patients to TB and complicates the treatment of co-infected
individuals, as TB treatment can accelerate the progression of HIV, resulting in more severe complications, including AIDS-related
outcomes.”#%!1® Moreover, PLHIV are at greater risk for multidrug-resistant TB (MDR-TB), complicating treatment further. '
Management of TB-HIV co-infections requires addressing overlapping toxicities between TB and HIV treatments, which are
particularly relevant for antiretroviral therapy (ART) and anti-tuberculous drug regimens.'>'* These overlapping toxicities can lead
to treatment interruptions or modifications, which reduce treatment efficacy and increase the likelihood of drug resistance.'>!?
Furthermore, adherence to treatment regimens is a major challenge for PLHIV, particularly in advanced stages of HIV, where patients
may face multiple complications and side effects from dual therapy.'* This necessitates specialised treatment strategies and close
monitoring.

The development and evaluation of vaccines and therapies for TB are key to reducing the burden of co-infection. However,
differences in immune responses between PLHIV and HIV-negative individuals must be considered to optimise treatment outcomes.
1316 Understanding the comparative safety and efficacy of anti-tuberculosis therapies between HIV-positive and HIV-negative
patients is crucial for guiding clinical decisions and public health strategies aimed at controlling TB-HIV co-infections.'”'
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The emergence of drug-resistant TB strains, combined with drug interactions between TB and HIV medications, underscores the
urgent need for effective co-infection management strategies.'>?2!22 It is essential to develop interventions that address the unique
challenges faced by this vulnerable population.

In this review, we aim to critically assess the impact of HIV status on the safety and efficacy of anti-tuberculosis therapy in PLHIV.
By analysing available data, we hope to inform clinical decision-making, guide policy development, and contribute to improving
outcomes for PLHIV with TB, ultimately supporting efforts to reduce the global burden of both TB and HIV/AIDS.

Research methods and design
Protocol Registration

The protocol for this review was registered in PROSPERO under the ID: CRD42023463986. We performed a systematic review
and meta-analysis following the guidelines set out by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement and adhering to the methodology outlined in the Cochrane Handbook of Systematic Reviews and Meta-
Analysis. 224,

Amendments to the Protocol: Since the initial protocol registration, substantial amendments have been made, including a
modification to the research question. These changes were introduced to refine the scope and to address emerging evidence related
to TB and HIV co-infection. Although the searches were conducted in August 2023, the search strategy has been reassessed to ensure
that it aligns with the updated research question and remains relevant to the aims of this study.

Data Sources and Search Strategy

We systematically searched the Web of Science, SCOPUS, PubMed (MEDLINE), and Cochrane Central Register of Controlled
Trials (CENTRAL) databases from their inception until 30 August 2023. The full search strategy and search results are detailed in
Table 1.

Eligibility Criteria

Primary research articles were included based on the following (PICO) criteria: Population (P): Patients with tuberculosis infection
confirmed by bacteriological studies using sputum examination and sputum cultures. Intervention (I): Standard anti-tuberculosis
therapy, regardless of the regimen or treatment duration. Comparator (C): HIV-positive patients compared to HIV-negative patients.
Outcomes (O): The primary outcome was treatment success rate, while the secondary outcome was all-cause mortality during
treatment.

We excluded secondary research articles (systematic reviews, meta-analyses, editorials), case reports, case series, animal studies,
and any primary research articles that did not report at least one of our outcomes of interest.

Definition of Outcomes

Primary Outcome: Treatment success rate, defined as the proportion of HIV-positive patients who achieved complete resolution
of tuberculosis following anti-tuberculosis therapy, reflecting the effectiveness of the treatment.

Secondary Outcome: All-cause mortality during treatment, defined as the rate of death from any cause among HIV-positive patients
undergoing anti-tuberculosis treatment, highlighting the potential risks in immunocompromised individuals. In our study, all-cause
mortality during anti-tuberculosis treatment was used to evaluate the overall treatment outcome in HIV-positive patients, rather than
as a direct measure of treatment safety. This reflects the broader impact of HIV on patient vulnerability to mortality during treatment,
and the importance of reducing mortality in this high-risk population.

Study Selection

Search results were uploaded into RAYYAN.AI, where duplicates were removed.?® The remaining records underwent independent
screening by four authors (A.O., E.A.B., A.R., M.E.Q.), with a fifth author (K.E.) resolving any conflicts. The screening process
included an initial review of titles and abstracts to assess relevance, followed by a full-text screening to confirm eligibility based on
the inclusion criteria.

Relevance of Study Selection: Given the modifications to the research question, all previously selected studies were re-evaluated
to ensure alignment with the revised focus of the systematic review.

Data Extraction
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Four authors (A.O., E.A.B., A.R., and M.E.Q.) independently extracted data and recorded the information in a standardised Excel
sheet. Extracted data included the following:

o Author name, year of publication, study design, and location.

o Total number of participants, group size, participants’ demographics (age, sex).

o Methods of tuberculosis and HIV diagnosis, anti-tuberculosis treatment regimens and duration.

o Follow-up duration and results for the primary and secondary outcomes.

Risk of Bias Assessment
The risk of bias was evaluated using the Newcastle-Ottawa Scale (NOS)? by two independent reviewers (A.O. and E.B.), focusing
on three domains: selection, comparability, and outcomes. Studies were rated as follows:

e Good quality: >7 stars.

e  Fair quality: 2 to 6 stars.

e  Poor quality: <1 star.

Statistical Analysis

Statistical analyses were performed using the R statistical programming language and the meta package. We calculated odds ratios
(ORs), risk differences (RDs), and corresponding 95% confidence intervals (Cls) for all outcomes.?”*® Heterogeneity was assessed
using the I? test, with values above 60% indicating substantial heterogeneity. When significant heterogeneity was present, a random-
effects model was applied to the meta-analysis. A p-value of less than 0.05 was considered statistically significant.

Amendments to Statistical Analysis: The statistical methods were applied consistently throughout, despite the protocol
amendments. This approach ensured that the results of the meta-analysis remained robust and aligned with the revised research
question.

Results

Search Results and Study Selection

The initial search identified 5775 articles from PubMed, Cochrane, SCOPUS, and Web of Science (WOS) databases. After removing
453 duplicates and screening 5319 titles and abstracts for relevance, 353 full-text articles were assessed for eligibility. Of these, 348
were excluded due to reasons such as study design not meeting the criteria, lack of relevant outcome data, and non-compliance with
the inclusion criteria. As a result, five studies met the inclusion criteria for the systematic review and meta-analysis. The study
selection process is detailed in the PRISMA flow diagram (Figure 1).2°
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Figure 1. PRISMA flow chart of the studies screened, reviewed, and included.
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Characteristics of Included Studies and Participants

The five observational studies included a total of 28,607 patients undergoing anti-tuberculosis therapy. Among these, 8365 patients
were HIV-positive, and 20,242 were HIV-negative. The included studies varied in terms of geographical region, patient age, TB
diagnosis methods, and treatment regimens. A summary of the baseline characteristics is provided in Table 2.

Risk of Bias Assessment
The quality of the included studies was assessed using the Newcastle-Ottawa Scale (NOS). Four studies were rated as "good" quality,
while one was rated as "fair" quality due to limited follow-up duration (Table 3).26

Primary Outcome: Treatment Success Rate

Four studies, comprising 27,815 patients, reported on treatment success rates. HIV-positive patients had significantly lower odds of
achieving treatment success compared to HIV-negative patients (OR, 0.62; 95% CI [0.58, 0.67]; P<0.01) (Figure 2). Additionally,
the pooled risk difference was -0.07 (95% CI [-0.08, -0.06]; P<0.01), indicating that HIV-positive patients had a lower success rate
in anti-tuberculosis therapy (Figure 3).

Note on Treatment Success Definitions: The definition of treatment success varied between studies, with some relying on
microbiological cure, while others used clinical resolution of symptoms. This variation could introduce some heterogeneity into the
analysis.

HIV +ve HIV -ve
Study Events Total Events Total Qdds Ratio OR  95%-Cl P-value
Githui 1992 B g 1Y i ———— 047 [027:082] <001
Chaisson 1996 10 159 193 243 —4— 058 [037,092] 002
Tweed 2019 3B 2 195 20 — 122 [040;370] 073
Ngari 2023 6281 7879 16412 19012 =2 062 [058067] <001
Common effect model_ 8177 19638 L4 0.62 [0.58; 0.67] <0.01
Heterageneity: I = 0%, 1*<0.0001, p =048 { ! ‘ !
Test for overall effect 2=-13.81 (p < 0.01) 02 05 { 2 ]

Treatment succass (TB resolution)

Figure 2. Forest plot for the outcome of tuberculosis treatment success rate.
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Githui 1992 60 97 121 1% : 0.16 [-0.27;-0.04] <0.01
Chaisson 1996 110 13¢ 193 243 <010 [-0.19,-001] 002
Tweed 2019 38 42 195 220 002 [-0.08; 0.12] 0.7
Nagari 2023 6281 787¢ 16412 19019 0.07 [-0.08;-0.06] <0.01
Common eﬂec} model " 8177 19638 .07 [-0.08; -0.06] <0.01
Heterogeneity: I = 49%, 7= 00009, p = 0.12 ! ) !

Testfor overal effect 2 =-13.09(p <0.01) K| 05 0 05 1

Difference in Treatment Efficacy Rates

Figure 3. Forest plot of risk differences for tuberculosis treatment success rate

Secondary Outcome: Mortality During Anti-Tuberculosis Treatment

Four studies, comprising 28,209 patients, reported on mortality during anti-tuberculosis treatment. HIV-positive patients had
significantly higher odds of mortality compared to HIV-negative patients (OR, 5.14; 95% CI [2.38, 11.12]; P<0.01) (Figure 4). The
analysis showed high heterogeneity (1>=90%, P<0.01), which might be due to differences in the stages of HIV infection or variations
in ART coverage across the included studies. A risk difference analysis also revealed a pooled risk difference of 0.14 (95% CI [0.05,
0.23]; P<0.01) (Figure 5), further confirming the association between HIV-positive status and increased mortality risk during
treatment.

Considerations for Population Differences and Bias

The included studies exhibited significant variability in key characteristics such as ART coverage, treatment duration, and stage of
HIV infection. Additionally, 95% of the patient population came from a single study (Ngari et al., 2023), which may have introduced
bias into the overall results.
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Figure 4. Forest plot for the outcome of all-cause mortality during tuberculosis treatment.

HIV +ve HIV -ve
Study Events Total Events Total Risk Difference RD  95%-Cl P-value
Perriens 1991 7 190 2 50 3 027 [019;035) <001
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Chaisson 1996 14 159 2 M3 = 0.08 [0.03;0.13] <0.01
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Figure 5. Forest plot of risk differences for mortality rates during tuberculosis treatment
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Database

Search strategy

Therapy: A Systematic Review and Meta-Analysis

N

Results

Search date

PubMed

Cochrane Library

Scopus

Web of Science

(((tuberculosis[Title/Abstract] OR mycobacterium tuberculosis[ Title/ Abstract]

OR TBJ[Title/Abstract])) AND ((Acquired Immunodeficiency

Syndrome[Title/Abstract] OR AIDS[Title/Abstract] OR HIV[Title/Abstract])))

AND ((vaccine[Title/Abstract] OR vaccination[Title/Abstract] OR
BCG(Title/Abstract] OR Bacille Calmette-Guérin[Title/Abstract] OR
M72/AS01[Title/Abstract] OR chemoprophylaxis[Title/Abstract] OR
isoniazid[Title/Abstract] OR pyrazinamide[Title/Abstract] OR
rifampin[ Title/Abstract] OR ethambutol[Title/Abstract]))

((tuberculosis OR mycobacterium tuberculosis OR TB) AND (Acquired
Immunodeficiency Syndrome OR AIDS OR HIV) AND (vaccine OR
vaccination OR BCG OR Bacille Calmette-Guérin OR M72/AS01 OR
chemoprophylaxis OR isoniazid OR pyrazinamide OR rifampin OR
ethambutol))

( TITLE-ABS-KEY ( tuberculosis OR ( mycobacterium AND tuberculosis )
OR tb ) AND TITLE-ABS-KEY ( ( acquired AND immunodeficiency AND
syndrome ) OR aids OR hiv ) AND TITLE-ABS-KEY ( vaccine OR
vaccination OR bcg OR ( bacille AND calmette-guérin ) OR m72/as01 OR
chemoprophylaxis OR isoniazid OR pyrazinamide OR rifampin OR
ethambutol ) )

(tuberculosis OR "mycobacterium tuberculosis" OR TB (Title) AND "Acquired

Immunodeficiency Syndrome" OR AIDS OR HIV (Title) AND vaccine OR
vaccination OR BCG OR "Bacille Calmette-Guérin" OR "M72/AS01" OR
chemoprophylaxis OR isoniazid OR pyrazinamide OR rifampin OR
ethambutol (Title))

3694

857

901

323

30/8/2023

30/8/2023

30/8/2023

30/8/2023

Cuest.fisioter.2025.54(3):4913-49245

4918

Table 1. Data bases search
approach



Aya OUARHIM?, Youssef AADI?, Ahmed
REGGAD? Mohammed EL QATNI?, Khalid
ENNIBI?, El Arbi BOUAITI'?

The Impact of HIV Status on Anti-tuberculous

Therapy: A Systematic Review and Meta-Analysis

Table 2. Baseline characteristics of the included studies

N

Study Study design  Region Groups  No. of Age Male,n  TB diagnosis HIV testing Intervention regimen Duratio  Definition of Follow
ID participants n of therapy failure up
treatme
nt
Perriens  Prospective Democrati  HIV 170 31.8 (8.4) 448 Sputum microscopy ~ HIV serology  Daily IM streptomycin 12 Smear and culture 1 year
1991 observational ¢ Republic +ve of freshly- was done (1 gm), oral months  positive for M.
study of the HIV -ve 597 29.8 (10.7)* expectorated using an thiacetazone (150 mg), tubeculuosis after
Congo sputum sample and ~ ELISA test and oral isoniazid (300 12 months from
sputum cultures on and confirmed mg ) for 2 months starting the
Lowenstein-Jensen by indirect followed by oral chemotherapy
medium immunofluore  thiacetazone (150 mg),
scence and oral isoniazid (300
mg ) for 10 months
Githui Prospective Kenya HIV 97 NA NA Acid-fast bacilli All serum Daily oral thiacetazone 12 Atleast2 specimens 1 year
1992 observational +ve were detected on samples were (150 mg) and oral months  taken after 6 months
study HIV -ve 156 direct smear by tested by two  isoniazid (300 mg ) for of therapy and at
fluorescence enzyme- 12 months least 2 weeks apart
microscopy or by linked supplemented by daily contained at least 10
Ziehl-Neelsen immunosorbe M streptomycin (1 gm) colonies each
staining and nt assay in the first month, or a
cultures on (ELISA)tests  combined preparation
Lowenstein-Jensen of rifampicin, isoniazid,
media and pyrazinamide for 2
months with
streptomycin for the
first month only, and
thiazina from the third
to the eighth month
inclusive
Chaisso  Prospective Haiti HIV 177 30° 99 Sputum microscopy  Serologic Isoniazid and rifampin 6 Consistently 2.5
n 1996 observational +ve of freshly- testing was were given for 26 months positive sputum years
study HIV -ve 250 20b 107 expectorated performed weeks, and smears and cultures 3 years
sputum sample and ~ with an pyrazinamide with or a lack of
sputum cultures on enzyme- ethambutol were given resolution of
Ogawa media linked for the first 8 wk. Drug symptoms
immunosorbe  doses were
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Tweed Prospective UK
2019 observational

study
Ngari Retrospective ~ Kenya
2023 observational

study

HIV
+ve
HIV -ve

HIV
+ve

HIV -ve

The Impact of HIV Status on Anti-tuberculous
Therapy: A Systematic Review and Meta-Analysis

4

220

7879

19019

<25:4,25-30:
17,>35:21
<25:40, 25-
30: 84, >35:
96

18-30: 1700,
31-40: 2974,
41-50: 2125,
>50: 1080

18-30: 6853,
31-40: 4629,
41-50: 7280,
>50: 4757

23

154

3930

13253

nt
assay

(ELISA), with

N

confirmation
by Western
blot testing

NA NA

TB was diagnosed NA
bacteriologically
using smear
microscopy, culture
or molecular TB
diagnostics (Xpert
MTB/RIF) or
clinically by a
medical practitioner
based on clinical
symptoms, X-ray
abnormalities, and
suggestive histology

adjusted according to
body weight

2 months of isoniazid,
rifampicin,
pyrazinamide, and
ethambutol

followed by 4 months
of isoniazid and
rifampicin alone

Rifampicin, Isoniazid,
Pyrazinamide and
Ethambutol for

2 months followed by
Rifampicin and
Isoniazid for 4 months

6
months

6
months

Failing to achieve 1.5
microbiological years
cure at the end of 18

months

Remaining smear-
positive after 5
months of treatment

9 years

2 data is in mean (SD) form ° data is in median form Abbreviations: 7B Tuberculosis, H/V Human Aids Virus, ELISA Enzyme Linked Immuno-sorbent Assay, /M intra muscular, NA not available.
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Table 3. Results of quality assessment by Newcastle-Ottawa Scale for the included studies

Selection Comparability Outcome
Representativeness of exposed ~ Selection of non Ascertainment  Demonstration  Control for Assessment  Follow- Adequacy  Total
cohort exposed cohort of exposure that outcome important or of outcome  up long of follow  score
Study of interest was  additional factors enough up of
not present at for cohorts
start of study
outcomes
to occur
Perriens 1991 * * * * * * * 7
Githui 1992 * * * * * * * 7
Chaisson 1996 * * * * * * 6
Tweed 2019 * * * * ok * * * 9
Ngari 2023 * * * * * * * * 8

The NOS included 3 categorical criteria with a maximum score of 9 points. The quality of each study was rated using the following scoring algorithms: >7 points were considered as “good”, 2 to 6 points were
considered as “fair”, and <1 point was considered as “poor” quality.
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Discussion

Tuberculosis (TB) remains one of the leading global public health challenges, particularly in regions with low- and middle-income
economies where access to healthcare services is often constrained'?. Despite advancements in diagnosis and treatment, TB
continues to claim millions of lives each year, with the World Health Organization (WHO) reporting an estimated 10 million new
cases and 1.5 million deaths annually**. The rise of drug-resistant strains such as multidrug-resistant TB (MDR-TB) and extensively
drug-resistant TB (XDR-TB) further complicates global control efforts, as these strains are harder to treat and result in poorer
outcomes®*. The challenges of co-infection, drug resistance, and evolving diagnostic tools require innovative approaches to TB
control***!. Innovative strategies for prevention, diagnosis, and treatment, including research on point-of-care diagnostics and novel
treatment regimens, remain critical in addressing the evolving nature of TB3%:*.

The intersection of TB and HIV exacerbates the global burden of both diseases. HIV weakens the immune system, making
individuals more susceptible to TB infection and significantly increasing the risk of TB reactivation®. TB is a leading cause of
mortality among people living with HIV, contributing substantially to the global burden of both diseases®*”*. In turn, TB accelerates
the progression of HIV by inducing systemic inflammation and immune activation, further compromising immune function®. The
symbiotic relationship between TB and HIV, therefore, poses a significant challenge to global health and underscores the importance
of integrated care models for co-infected individuals.

Our systematic review is the first to systematically investigate the impact of HIV status on the clinical outcomes of standard anti-
tuberculosis treatments in patients with active TB. The pooled results from our analysis demonstrated that HIV-positive patients had
significantly lower odds of achieving treatment success (OR, 0.62; 95% CI [0.58, 0.67]; p<0.01) and faced a higher risk of mortality
during TB treatment (OR, 5.14; 95% CI [2.38, 11.12]; p<0.01). These findings highlight the challenges that HIV-positive individuals
face in achieving favourable TB treatment outcomes and reinforce the need for more robust, integrated approaches to TB and HI V
care>*®.

The variability in outcomes observed in the analysis, including the substantial heterogeneity in mortality results (1>=90%), suggests
that patient characteristics such as antiretroviral therapy (ART) coverage, stage of HIV infection, and treatment regimens could
influence outcomes. For example, studies have shown that ART can significantly reduce mortality in HIV-positive TB patients by
enhancing immune function and improving overall treatment success''**. However, the lack of consistent reporting on ART usage
across the studies in this review limits our ability to fully understand its impact. One study did exclude patients on ART, but the
absence of detailed information on ART use in the remaining studies presents a notable gap in the literature. This lack of reporting
may have confounded the results and reduced the ability to draw firm conclusions about the interaction between ART and TB
treatment outcomes'*!3.

Another limitation of this review is the reliance on observational studies, which, while valuable for exploring associations in real-
world settings, are inherently susceptible to biases such as confounding and selection bias?®. Unlike randomised controlled trials
(RCTs), observational studies lack randomisation and control over confounding factors, making it more difficult to establish
causality. The dominance of one large study (Ngari et al., 2023), which accounted for 95% of the patient population in this review,
also raises concerns about potential bias. Future meta-analyses should apply weighting or conduct sensitivity analyses to ensure that
the pooled results are not disproportionately influenced by single, large studies?*-?.

Beyond these methodological limitations, the review also highlights important gaps in the literature regarding specific populations.
For example, there is a lack of research focused on vulnerable groups such as children, pregnant individuals, and those with drug-
resistant TB. These populations present unique challenges, such as differing pharmacokinetics, treatment tolerability, and disease
manifestations, that require tailored diagnostic and treatment approaches. Future research must prioritise the inclusion of these
populations to inform evidence-based guidelines that better address their needs*:2"-4,

Recent studies have made strides in the development of new TB vaccines that could provide long-term protection to both HIV-
positive and HIV-negative individuals. For example, the study by Kumarasamy et al.** reported promising safety and
immunogenicity results for the M72/ASO1E candidate TB vaccine in HIV-positive and HIV-negative populations, marking an
important step forward in TB prevention strategies. These advancements underscore the need for ongoing research into novel
therapeutic and preventative interventions for TB, particularly in the context of HIV co-infection.

Despite these limitations, our review represents an important contribution to the existing literature by synthesising evidence on the
impact of HIV status on TB treatment outcomes. The large sample size, which includes a diverse range of observational studies
from different geographical regions, enhances the generalisability of our findings and provides valuable insights into the complex
interplay between TB and HIV'S. However, further research is needed to explore the impact of ART on TB treatment outcomes, as
well as to investigate the specific challenges faced by vulnerable populations such as children and pregnant individuals.

Moving forward, it is crucial to address these gaps in the literature and prioritise the development of integrated care models that
account for the unique needs of HIV-positive individuals. By advancing our understanding of the clinical outcomes of TB treatment
in the context of HIV co-infection, we can develop more effective strategies for reducing mortality and improving treatment success
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rates®”!*. Furthermore, the development of new vaccines and treatment regimens, particularly for MDR-TB and XDR-TB, remains
critical to mitigating the global burden of these diseases'.

Conclusion

In conclusion, our systematic review and meta-analysis highlight the clinical challenges of anti-tuberculosis treatment in HIV-
positive individuals, revealing a significant association between HIV-positive status and reduced treatment success rates, alongside
increased mortality during TB treatment. These findings underscore the heightened vulnerability of HIV-positive individuals to TB
and emphasise the critical need for targeted interventions to improve outcomes in this population.

The prevalent omission of antiretroviral therapy (ART) usage data across the reviewed studies presents a substantial barrier,
hindering the clear interpretation of treatment outcomes. Future research should prioritise the meticulous documentation and analysis
of ART usage in conjunction with TB treatment, to better understand how these interventions interact.

Further research is essential to address the complexities of TB-HIV co-infection. By advancing our understanding through
collaborative global research and focusing on specific areas such as ART integration and the treatment of vulnerable populations,
we can work towards reducing the morbidity and mortality associated with this dual epidemic and improving health outcomes
worldwide.
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