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	Section/topic 
	#
	Checklist item 
	Reported on page # 

	TITLE 
	

	Title 
	1
	Prevalence of drug resistance-conferring mutations associated with isoniazid and rifampicin-resistant Mycobacterium tuberculosis in Ethiopia: A systematic review and meta-analysis      
	1

	ABSTRACT 
	

	Structured summary 
	2
	Background: Drug resistance tuberculosis (DR-TB) continues to be a major global health concern. Despite TB incidence and mortality are declining globally, insufficient detection of DR-TB deteriorates the national TB control program. Due to the development of many rapid molecular diagnostic tests to detect gene mutation in M. tuberculosis (Mtb), specific genes associated with resistance to different anti-TB drugs have been identified.  Objectives: The study was aimed to evaluate the prevalence of the genetic mutations associated with rifampicin (RIF) and isoniazid (INH) resistant Mtb in Ethiopia.  Methods: We carried out a systematic literature search on PubMed/MEDLINE, Web of Science, Scopus, Cochrane library electronic databases. Data analysis was conducted in STATA 11. The pooled estimated prevalence of the gene mutations associated with resistance to RIF and INH was estimated using the random effect model. Heterogeneity was measured using the I2 statistical test and the publication bias through the funnel plot and Egger’s regression test. Results: In total, 909 (95.8%) of 949 INH-resistant Mtb strains had detectable mutations: 95.8% in katG315 and 5.9% in the inhA promoter region. The most frequent mutation was found in the katGMUT1 probe (860 cases), while the inhAMUT1 probe (inhAC15T; 31 cases) was in inhA-promoter regions. The meta-analysis resulting a pooled katGMUT1/S315T1 resistant Mtb prevalence of 89.2% (95%CI:81.94-96.43%). Similarly, the analysis revealed a pooled inhAMUT1(C15T) resistant Mtb prevalence was 77.5% (95% CI:57.84-97.13%). Moreover, in total, 769 (90.8%) of 847 RIF-resistant strains had detectable rpoB gene mutation. The most frequent mutations were detected in rpoBMUT3/S531L probe (550 cases), followed by the rpoBWT8 probe (224 cases). The meta-analysis resulting in a pooled rpoBMUT3/S531L resistant Mtb prevalence of 74.2% (95% CI 66.39-82.00%).  Conclusions and implications of key findings: RIF resistance was spread widely and transmission of RIF resistant Mtb isolates, particularly with rpoBMUT3/S531L mutation. Similarly, INH resistance was spread widely and transmission of INH resistant isolates, especially with katGMUT1/S315T1, and inhAMUT1/C15T mutations at the inhA-promoter region. It is important to diagnose rpoBMUT3/S531L among RIF resistant, and katGMUT1/S315T1 and inhAMUT1/C15T mutations among INH-resistant strains as it may be a determinant for subsequent development of multidrug-resistant TB (MDR-TB). Rapid detection of patients with RIF and INH-resistant Mtb strains would expedite modification of treatment regimens, and appropriate infection control measures could be taken in time to reduce the risk of further development and transmission of MDR-TB.  
	2

	INTRODUCTION 
	

	Rationale 
	3
	Several previous review reports have identified different genes that encode anti-TB drug targets and have briefed various mechanisms of resistance to both RIF and INH 
 ADDIN EN.CITE 
[1-6]
. While more than 95% of RIF resistance is associated with gene mutations in the 81-base pair section of the rpoB gene, INH resistance appears more complex and has been associated with multiple genes, and most frequently katG and inhA 
 ADDIN EN.CITE 
[3, 6-9]
. The current rapid molecular diagnostic tests (GenoTypeMTBDRplus & GenoTypeMTBDRsl) for INH resistance have focused on the detection of the “canonical” mutations in codon 315 of katG and position-15 in the inhA-promoter region. Many previous studies have identified highly variable frequencies of these mutations; with katG315 mutations accounting for 42 to 95% and inhA-15 mutations accounting for 6 to 43% of phenotypic INH resistance 
 ADDIN EN.CITE 
[1, 5, 6, 10-13]
. The Xpert MTB/RIF test [14] and the Line Probe Assay tests [15], which span an 81-base pair region of the ribonucleic acid (RNA) polymerase beta subunit (rpoB) gene, have enabled quick identification of RIF resistance.
So far, there has not been a systematic study and meta-analysis that thoroughly analyzed the most gene mutations associated with RIF and INH resistant Mtb in Ethiopia. Moreover, the pooled estimated prevalence of RIF resistance-associated gene mutation and the frequencies for co-occurring or multiple mutations have not been assessed to better understand the proportion of phenotypic INH and RIF resistance explained by the existing single or canonical gene alterations.
Hence, it's crucial to know the frequency and prevalence of drug-resistant mutations linked to RIF and INH-resistant Mtb in Ethiopia.
Failure to account for these changes restricts the local efficiency of molecular diagnostic tools now available, and thus impedes the development of better genotypic diagnostic procedures [16]. Therefore, the objective of this systematic review and meta-analysis was to evaluate the prevalence of the most prevalent gene mutations linked with phenotypic RIF and INH drug resistance in Mtb strains in Ethiopia based on the literature that was previously published.
	3

	Objectives 
	4
	The main aim of this systematic review and meta-analysis was to evaluate the pooled prevalence of the genetic mutations associated with phenotypic RIF and INH resistant Mtb strains in Ethiopia.
	4

	METHODS 
	

	Protocol and registration 
	5
	This review protocol has been submitted to the International prospective register of systematic reviews (PROSPERO) and has been registered. (PROSPERO 2020 CRD42020186705 Available from  https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020186705).   
	-(reason listed below table)

	Eligibility criteria 
	6
	Study eligibility criteria:
All studies that have performed molecular DST and had reported mechanisms of anti-TB drug resistance or the gene mutations associated with RIF and INH resistance in Mtb were included. Furthermore, studies addressing some or all of the following criteria were included: (a) Studies reported data concerning the prevalence of anti-TB drug resistance among retreated TB patients or new cases; (b) The prevalence of any ant-TB drug resistance or MDR-TB or extensive drug resistance TB (XDR-TB); (c) Studies which used standard World Health Organization (WHO) approved molecular anti-TB drug susceptibility diagnostic methods; (d) TB research conducted in Ethiopia and published in the English language. We excluded those studies from the analysis with the following criteria: (a) The studies that were not reported mechanisms of anti-TB drug resistance or the gene mutations associated with RIF and INH resistance in Mtb; (b) The studies reported data on non-tuberculous mycobacterium; (c) Studies which did not evaluate DST of RIF and INH; (d) Studies performed anti-TB DST only through phenotypic methods. The editorial's report, narrative review studies, case reports were excluded from the analysis. Additionally, qualitative studies and citations without full text were excluded.
	4

	Information sources 
	7
	The review was carried out through a systematic literature search on PubMed/MEDLINE, Web of Science, Scopus, and Cochrane Library electronic databases. Furthermore, we had reviewed the primary studies' reference lists to access grey literature.   
	5

	Search 
	8
	The papers published in the English language were searched out on PubMed/MEDLINE, Web of Science, Scopus, and Cochrane Library electronic databases, without restricted the study's year of publication. Studies that reported the gene mutations associated with RIF and INH resistance in Mtb in Ethiopia were included in the analysis. We used the following specific-subjects headings for database searching: "Mycobacterium tuberculosis", "tuberculosis", "drug-resistance", "drug susceptibility testing", "anti-tuberculosis drug resistance", "antitubercular agents", "first-line antitubercular drugs", "isoniazid resistance tuberculosis", "rifampicin resistance tuberculosis", "gene mutations", "drug resistance-conferring mutations", "frequency of gene mutations", "antitubercular drug resistance determinants", "magnitudes of gene mutations", "molecular diagnostics", "molecular detection", "molecular characterization", "genotyping", "line Probe Assay", "GenoType®MTBDRplus assay", "GeneXpertMTB/RIF assay", "GenoType®MTBDRsl assay" and "Ethiopia". The search strings were applied using "AND" and "OR" Boolean operators.
Search strings on PubMed/MEDLINE: The PubMed key search terms used were: (Mycobacterium tuberculosis [MeSH Terms] OR tuberculosis [MeSH Terms]) AND (INH OR isoniazid [MeSH Terms]) AND (RIF OR rifampicin [MeSH Terms]) AND (resistance OR resistant) AND (mutations [MeSH Terms]) OR sequence) AND Ethiopia. The full searching strategy detail for PubMed/MEDLINE database was provided as a supplementary file (Additional file: Table S2).  
	5

	Study selection 
	9
	Study eligibility criteria: All studies that have performed molecular DST and had reported the gene mutations associated with RIF and INH resistance in Mtb were included. Furthermore, studies addressing some or all of the following criteria were included: (a) Studies reported data concerning the prevalence of anti-TB drug resistance among retreated TB patients or new cases; (b) The prevalence of any ant-TB drug resistance or MDR-TB or XDR-TB; (c) Studies which used standard WHO-approved molecular anti-TB drug susceptibility diagnostic methods; (d) TB research conducted in Ethiopia and published in the English language. We excluded those studies from the analysis with the following criteria: (a) The studies that were not reported the gene mutations associated with RIF and INH resistance in M.tb; (b) The studies reported data on non-tuberculous mycobacterium; (c) Studies that did not evaluate DST of RIF and INH; (d) Studies performed anti-TB DST only through phenotypic methods. The editorial's report, narrative review studies, case reports were excluded from the analysis. Additionally, qualitative studies and citations without full text were excluded.
Participants: All TB patients (pulmonary TB and extra-pulmonary TB patients) of all age groups, both newly diagnosed and retreated TB patients diagnosed through molecular DST method/s to detect their drug sensitivity status and the gene mutation associated with RIF and INH.
	5-6

	Data collection process 
	10
	Using the standardized data abstraction sheet prepared in Microsoft Excel (Table 1),  authors (MAR and BA) independently extracted the following relevant information related to study characteristics (Autor/s' name, year of publication, study period, study region, type of TB patients, study design, molecular DST method/s, sample size, total positive cases, total isolates which DST was performed, frequency of any anti-TB drug resistance, any INH and RIF resistance and MDR-TB, and RIF and INH resistance mechanisms or frequency of gene mutations (rpoB, katG, and inhA) and frequency of specific amino acid/nucleotide (codon) changes in each resistance gene loci/probe; at rpoB gene (rpoBMUT1/D516V, rpoBMUT2A/H526Y, rpoBMUT2B/H526D, and rpoBMUT3/S531L), at katG gene (katGMUT1/S315T1 and katGMUT2/S315T2), inhA (inhAMUT1/C15T, inhAMUT2/A16G, inhAMUT3A/T8C,  and inhAMUT3B/T8A). Furthermore, the absence of the wild-type probe at each gene loci (rpoBWT1-8, katGWT1, and inhAWT1&2) was evaluated (Table 1 & Table S5). 
	6-7

	Data items 
	11 
	This systematic review and meta-analysis were proposed to estimate the prevalence of the gene mutations associated with RIF and INH resistance in Mtb in Ethiopia. The frequency of any anti-TB drug resistance, resistance to any INH and RIF were drawn from each included study. The frequency of each resistant gene mutation was counted out of the total resistant Mtb isolates for a particular anti-TB drug. Similarly, the rate of each amino acid/ or nucleotide (codon) changes at each resistant gene locus/probe was calculated out of the total resistant gene. The pooled estimate of the prevalence of amino acid/ or nucleotide (codon) changes at each resistant gene loci/probe was measured. We have also estimated the pooled prevalence of gene mutation/the absence of band at each wild-type probe (Table S5).  
	6-7

	Risk of bias in individual studies 
	12
	During the pooled analysis of the gene mutations associated with RIF and INH resistant Mtb, the presence of publication bias was evaluated by using Egger’s regression test and presented with funnel plots of the standard error of Logit event rate. A statistical test with a p-value less than 0.05 was considered statistically significant.
	-(reason listed below table)

	Summary measures 
	13
	We have assessed the pooled estimated prevalence of the gene mutations associated with RIF and INH resistant Mtb in Ethiopia. 
	7

	Synthesis of results 
	14
	The relevant data were extracted from included studies using a standard sheet prepared in Microsoft Excel and the data were exported into STATA 11.0 for analysis. Considering the variation in true effect sizes across the population, Der Simonian and Laird’s random-effects model was performed for the analyses at a 95%CI. The heterogeneity of studies was determined using the I2 statistical test. The presence of publication bias across the studies was evaluated by using Egger’s test [17] and presented with funnel plots of the standard error of the Logit event rate. A statistical test with a p-value less than 0.05 was considered statistically significant.
	7
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	Risk of bias across studies 
	15
	During the estimated pooled prevalence analysis of the gene mutations associated with RIF and INH resistance in Mtb in Ethiopia, the presence of publication bias was evaluated by using Egger’s regression test and presented with funnel plots of the standard error of the Logit event rate. A statistical test with a p-value less than 0.05 (one-tailed) was considered statistically significant.
	7

	Additional analyses 
	16
	NA 
	NA

	RESULTS 
	

	Study selection 
	17
	As illustrated in figure 1, a total of 960 potential research studies were documented from searched electronic databases. Of the total, 760 articles were non-duplicated and subjected to further evaluation; 452 were evaluated and excluded based on their title and abstract, while 308 papers were retained for full-text review. After full-text evaluation, 19 studies on the prevalence of gene mutations associated with RIF and INH resistant Mtb were used for final analysis (meta-analysis).
	8, Fig 1

	Study characteristics 
	18
	As described in Table 1, a total of 19 studies with 5,057 TB patients were included for final analysis 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-36]
. However, the resistance rate of Mtb to any ant-TB drugs, and resistance to RIF and INH was calculated out of a total of 3406 Mtb isolates which their DST was performed 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-36]
. In total, 17 studies evaluated the prevalence of any INH resistance 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-22, 24-30, 32-36]
, and any RIF resistance 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-21, 23-34, 36]
 among 3406 TB patients. Almost all included studies 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-21, 23-36]
, except one study had reported the prevalence of MDR-TB strains (Additional files: Table S1 & Table S5).  Moreover, 17 studies 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-21, 23-34, 36]
 had quantified the frequency of the rpoB gene mutation and nucleotide changes in the 81-base pair β-subunit (rpoB) gene among 847 RIF resistant Mtb isolates, while 16 studies 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-22, 24-30, 32-34, 36]
 had reported the frequency of katG gene mutation and nucleotide (codon) changes among 949 INH resistant Mtb isolates. Only 10 studies 
 ADDIN EN.CITE 
[18-21, 25, 29, 30, 32, 33, 35]
 had reported the gene mutation in the inhA-promoter region, while 4 studies 
 ADDIN EN.CITE 
[18, 19, 29, 30]
 counted the co-occurrence of inhA and katG among INH resistant Mtb isolates (Table 1 & Additional file: Table S5). 
	8, Table1 & Table S4 

	Risk of bias within studies 
	19
	We have evaluated the publication bias accordingly a funnel plot showed a symmetrical distribution. The Egger’s regression test with a p-value was 0.05, which indicated the presence of publication bias. However, in all analyses through the Egger’s regression test there was no risk of bias within studies, and the p-value was greater than 0.05.
	-(reason listed below table)

	Results of individual studies 
	20
	During the estimated pooled prevalence analysis of the gene mutation associated with RIF and INH resistance in Mtb in Ethiopia, due to the presence of heterogeneity among studies, we performed random effect model analysis (see item 21 below).
	8-9 Fig 2, Fig. S1, Table 1,  Table S5

	Synthesis of results 
	21
	Prevalence of any RIF and INH resistant M. tuberculosis 

Overall, 5057 pooled TB suspected patients were tested to identify the pattern of drug resistance to RIF, INH, and MDR-TB. Prevalence of any anti-TB drug resistance among all diagnosed TB patients was 31.3% (1066/3406), while the prevalence of any-RIF and INH resistant Mtb was 24.9% (847/3406), and 27.9% (949/3406), respectively. Moreover, the prevalence of MDR-TB was 22.2% (755/3406) (Figure 2 & Additional file: Table S5). The prevalence of any anti-TB drug resistance rate varies across the studies and geographical locations. From the included studies, 7 studies had reported a higher prevalence of any anti-TB drug resistance ranged from 18.0% to 73.6% 
 ADDIN EN.CITE 
[18, 19, 25, 28-30, 32]
. The prevalence of any INH resistant M.tb ranged from 0.8% to 72.2%, while the prevalence of any-RIF resistant Mtb ranged from 1.3% to 68.1% 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-21, 23-34, 36]
 (Table 1 & Additional file: Table S5).
The frequency of rpoB, katG, and inhA gene mutations:

A total of 949 any-INH resistant Mtb strains were identified, among which a higher frequency of mutation was observed in the katG gene (95.8%; 909/949) compared with the inhA gene (5.9%; 56/949). In INH resistant Mtb strains, the most frequent mutations were found in the katGMUT1 probe (860 cases), katWT probe (309 cases), and katGMUT2 probe (16 cases). In the promoter region of the inhA gene, the most frequent mutations were observed in inhAMUT1 probe (inhA C15T; 31 cases), inhAWT1 probe (30 cases), and inhAWT2 probe (23 cases), while the frequency of mutation in the inhAMUT2 probe was (10 cases). The frequency of mutations in inhAMUT3A and MUT3B were (8 cases), respectively. In this systematic review, a total of 34 Mtb strains had mutations in both katG and inhA genes (Table 1 & Additional file: Table S5). 

Similarly, a total of 847 any-RIF-resistant Mtb strains were identified, among which the frequency of mutation in the rpoB gene was (90.8%; 769/847). In RIF resistant Mtb strains, the most frequent mutations were found in rpoBMUT3/S531L probe (550 cases),  rpoBWT8 probe (224 cases), and rpoBWT7 probe (91 cases), while the other gene mutations were observed in  rpoBMUT2A/H526Y (68 cases), rpoBMUT2B /H526D (40 cases), and rpoBMUT1/D516V (25 cases). Moreover, the gene mutations at the rpoBWT3 and rpoBWT4 were (43 cases) and (46 cases), respectively (Table 1& Additional file: Table S5).       
Meta-analysis

Seventeen studies evaluated 949 genotypically resistant Mtb isolates for mutations in the katG gene inclusive of codon 315. The meta-analysis resulting a pooled katG/S315T1 resistant Mtb prevalence of 89.2% (95%CI: 81.94-96.43%) with the I2-value of 76.2% and p=0.002 (Figure 2 & Table 2). Publication bias, a funnel plot showed a symmetrical distribution, and Egger’s regression test, the p-value was 0.071, which indicated that the absence of publication bias (Figure 3). However, this review derived low pooled prevalence of katGS315T2 resulting 0.9% (95%CI:0.195-1.63%) with the I2-value of 0.0% and p=0.466 (Table 2). Besides, the pooled estimated prevalence of the absence of band at the wild-type (katGWT(315)) was 48.7% (95%CI:-5.20-102.58%) with an I2-value of 99.5% and p<0.001 (Table 2). The gene mutations at the inhA-promoter region were estimated, and the analysis derived a pooled inhAMUT1(C15T) resistant Mtb prevalence of 77.5% (95%CI:57.84-97.13%) with an I2-value of 0.0% and p=0.848 (Figure 4 & Table 2). The publication bias was evaluated using Egger’s regression test, and the p-value was 0.460, which indicated the absence of publication bias.

On the other hand, 17 publications evaluated 847 genotypically resistant Mtb isolates for mutations in the rpoB gene inclusive of codons 526, 526, and 531. Thus, the highest pooled estimated prevalence of the gene mutation associated with the rpoB gene was observed in rpoBMUT3 (S531L), with 74.2% (95%CI: 66.39-82.00%) and the I2- the value of 64.6% and p=0.002 (Figure 5 & Table 3). The publication bias was evaluated by using Egger’s regression test revealed the p-value was 0.968 and a funnel plot showed a symmetrical distribution, which indicated the absence of publication bias (Figure 6). Moreover, the pooled prevalence of rpoBMUT2A (H526Y) was 17.2% (95%CI: 8.25-26.15%) with the I2-value of 85.7% and p<0.001 (Figure 7 & Table 3). The funnel plot showed symmetrical distribution; in the Egger's test, the p-value was 0.107, which indicated there was no publication bias (Figure 8). The analysis derived a pooled rpoBMUT2B/H526D and rpoBMUT1/D516V resistant Mtb prevalence of 13.9% and 2.96%, respectively. The absence of band at different rpoB gene wild-type was assessed and the high pooled estimated prevalence was observed in rpoBWT8 and rpoBWT3 with 58.21% and 19.92%, respectively (Table 3).
	10-11, Table 1 & Table S5

	Risk of bias across studies 
	22
	We estimated the pooled prevalence of the resistant gene mutations associated with RIF and INH Using a random effect meta-analysis model. We examined the heterogeneity of effect size using the Q statistic and the I2 statistical test. The Q-test measures whether the observed effect size is considerably different from one another than expected by chance. When Q-test is higher than the degree of freedom it indicates significant heterogeneity (also supplemented by p-value). The I2 statistical test assesses the proportion of total variance across the included studies that contributed to the observed heterogeneity. In this study, the I2 statistical value of zero indicates true homogeneity, whereas the value 25%, 50%, and 75% represented low, moderate, and high heterogeneity, respectively. For the data identified as heterogeneous, we conducted our analysis by random-effects model analysis. Publication bias was checked by funnel plot and more objectively through Egger’s regression test. During our analysis, a publication bias across studies was not observed. 
	10-11

	Additional analysis 
	23
	NA 
	NA

	DISCUSSION 
	

	Summary of evidence 
	24
	This meta-analysis measured the estimated pooled prevalence of the resistant gene mutations associated with RIF and INH resistance in Mtb in Ethiopia through reviewing 19 research papers that fulfill the inclusion criteria and reported mechanisms of RIF and INH anti-TB drug resistance in Mtb. 
Overall, 5057 pooled TB suspected cases were tested to identify the pattern of drug resistance to RIF, INH, and MDR-TB.  The prevalence of any anti-TB drug resistance among all diagnosed TB patients was 31.3%, while the prevalence of any RIF and INH resistance was 24.9%, and 27.9%, respectively. Moreover, the prevalence of MDR-TB was 22.2% (Additional file: Figure S1 & Table S5). The prevalence of any anti-TB drug resistance rate varies across the studies and geographical locations. From the included studies, 7 studies had reported a higher prevalence of any anti-TB drug resistance ranged from 18.0% to 73.6% 
 ADDIN EN.CITE 
[18, 19, 25, 28-30, 32]
. The prevalence of any INH resistant Mtb ranged from 0.8% to 72.2%, while the prevalence of any RIF resistant Mtb ranged from 1.3% to 68.1% 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[18-21, 23-34, 36]
 (Table 1 & Table S5).
A total of 949 INH resistant Mtb strains were identified, among which a higher frequency of mutation was observed in the katG gene (95.8%) compared with the inhA gene (5.9%). In INH-resistant Mtb strains, the most frequent mutation was found in the katGMUT1 probe (860 cases). In the promoter region of the inhA gene, the most frequent mutation was observed in the inhAMUT1 probe (inhA C15T; 31 cases). In addition, a total of 34 M.tb strains had mutations in both katG and inhA genes (Table 1 & Additional file: Table S5).

Similarly, a total of 847 any-RIF-resistant Mtb strains were identified, among which the frequency of mutation in the rpoB gene was (90.8%). The most frequent mutation was found in the S531L probe (550 cases), while the other gene mutations were observed in  rpoBMUT2A/H526Y (68 cases), H526D (40 cases), and D516V (25 cases). Moreover, the gene mutations at the rpoBWT3 and rpoBWT4 were (43 cases) and (46 cases), respectively (Table 1 &  Additional file: Table S5).       

During the meta-analysis, 17 studies evaluated 949 genotypically resistant Mtb isolates for mutations in katG inclusive of codon 315. In INH resistance, the increasing frequencies of co-occurring mutations were evaluated first by specific genes. The meta-analysis resulting a pooled S315T1 resistant Mtb prevalence of 89.2% (95% CI 81.94-96.43%) (Figure 2 & Table 2).  However, this review derived a low pooled prevalence of S315T2 resulting in 0.9% (95% CI 0.195-1.63%) (Table 2). Besides, the pooled estimated prevalence of the absence of band at the wild-type (katGWT (315)) was 48.7% (95% CI -5.20-102.58%)(Table 2). The gene mutations at the inhA-promoter region were estimated, and the analysis derived a pooled inhAMUT1(C15T) resistant Mtb prevalence of 77.5% (95% CI 57.84-97.13%)(Figure 4 & Table 2).

Besides, seventeen publications evaluated 847 genotypically resistant Mtb isolates for mutations in the rpoB gene inclusive of codon 526, 526, and 531. Thus, the highest pooled estimated prevalence of the gene mutation associated with the rpoB gene was observed in S531L, with 74.2% (95% CI: 66.39-82.00%) and the I2- the value of 64.6% and p=0.002 (Figure 5 & Table 3).   Moreover, the pooled prevalence of H526Y was 17.20% (95% CI 8.25-26.15%) with an I2-value of 85.7% and p<0.001 (Figure 7 & Table 3). The funnel plot showed symmetrical distribution; the Egger's test p-value was 0.107, which indicated there was no publication bias (Figure 8). The analysis derived a pooled H526D and D516V resistant Mtb prevalence of 13.9% and 2.96%, respectively. The absence of band at different rpoB gene wild type was assessed and the high pooled estimated prevalence was observed in rpoBWT8 and rpoBWT3 with 58.21% and 19.92%, respectively (Table 3).  
	11-14

	Limitations 
	25
	This review has certain limitations; first, it did not explain the heterogeneity in terms of differences in the study population, study setting, or year. Second, only English published articles were considered for the analysis. Third, due to the lack of detailed data in few studies, this review did not present the prevalence of RIF and INH monoresistance nor estimate the pooled prevalence of gene mutations associated with RIF and INHA monoresistance. Fourth, the majority of studies did not explain the proportions of gene mutations based on sex and age of participants; so that this review did not explain sex and age-wise comparison of RIF and INH resistance mutations. The development of gene mutations in Mtb strains associated with different anti-TB drugs greatly varies across different TB patient's treatment outcome (failure, loss of follow-up, defaulter, retreatment cases) and diagnostic test results (e.g. re-treatment smear-negative and positive case, any follow-up smear-positive cases) as well as other associated patient's health conditions such as human immunodeficiency virus (HIV) status. However, due to the lack of detailed data regarding these issues, this review failed to explain the estimated pooled prevalence of different gene mutations associated with RIF and INH resistance among those TB patient categories.
	14

	Conclusions 
	26
	RIF resistance was shown to be most typically related to mutations in the rpoBMUT3/S531L, and rpoBMUT2A/H526Y gene, while the most common mutation related with INH resistance was found in the katG315 gene, and it was also connected to MDR and polydrug resistance, whereas mutations in inhA promoter region were less frequent. Commonly, the gene mutations in both the katG and inhA promoter region rise the development of MDR-TB and the risk of relapse. However, the increasing frequencies of these gene mutations seem to vary by region, which could lead to differences in the sensitivity of genotypic/molecular diagnostics, if the tests are based only on these gene mutations. This would permit modifying genotypic/molecular tests to specific geographical locations, better understanding/interpretation of the molecular tests being used, and better therapy recommendations.
	14

	FUNDING 
	

	Funding 
	27
	NA 
	None 


Item 5, 12, and 19 are absent, the reason: the study is not a meta-analysis on clinical study, just a meta-analysis on the cross-sectional study. 
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