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Introduction
ESBLs are enzymes that can hydrolyze a wide variety of β-lactam antibiotics including oxymino cephalosporins and aztreonam but inhibited by β-lactam inhibitors like clavulanic acid, tazobactam, and sulbactam (Silva-Sanchez et al., 2011). These enzymes are encoded by genes that are mainly plasmid-mediated and most widespread among family Enterobacteriaceae. ESBL genes are categorized into three main types. These are temoneira (TEM), Sulfhydryl variable (SHV) enzymes, and cefotaximase (CTX-M) type β-lactamases (Perez et al., 2007). There is no consensus on the precise definition of ESBLs. A commonly used working definition is that the ESBLs are β-lactamases capable of conferring bacterial resistance to the penicillin, first, second, and third-generation cephalosporins, and aztreonam (but not the cephamycins or carbapenems) by hydrolysis of these antibiotics and which are inhibited by β-lactamase inhibitors such as clavulanic acid. Β-lactamases are most commonly classified according to two general schemes: The Ambler molecular classification scheme and the Bush-Jacoby-Medieros functional classification system. The Ambler scheme divides β-lactamases into four major classes (A to D) on the basis of protein homology (amino acid similarity) and not phenotypic characteristics. In the Ambler classification scheme β-lactamases of class A, C and D are serine β-lactamases while in contrast, the class B β-lactamases are Metallo-β-lactamases.
Infectious diseases caused by ESBL producing Enterobacteriaceae are an emerging problem worldwide which increases the empirical treatment failure, hospital cost, rate of morbidity, and mortality. This also leads to the hospital infection outbreak. ESBL producing Enterobacteriaceae were first reported from Germany in 1983 and since then, their incidence has been reported to be increasing rapidly worldwide (Jena et al., 2018). Infectious diseases are a serious health problem, being one of the main causes of morbidity worldwide. After extensive and indiscriminate use of antibiotics, bacteria have developed resistance mechanisms, making it difficult to control infections. It is estimated that 17 to 20 million people die worldwide each year of infectious diseases. In addition, about 10 million hospital-acquired infections occur each year resulting in approximately 300,000 deaths (Jena et al., 2018). The emergence of resistance in Enterobacteriaceae is considered an alarming health threat because, during the last decade, a growing number of K. pneumonia and E. coli have developed resistance against third-generation cephalosporin due to ESBLs (Pertason and Bonomo, 2005). K. pneumoniae is gram-negative, non-motile, encapsulation-fermenting, optional anaerobic bacteria that are rod-shaped, established in normal mouth, skin, and intestines flora and feces of about 5% of people. It triggers tiny bacterial pneumonia. It may cause substantial hemorrhagic necrotizing lung consolidation. Occasionally, it induces urinary tract infection and focal lesion bacteremia in compromised patients. K. pneumoniae is often linked to hospital infection. Some underlying diseases including malignantness, cirrhosis, biliary diseases, urinary Infections of the biliary tract, diabetes mellitus osteomas, bacteremia, and alcoholism can impair the defenses of the person and increase the risk of K. pneumoniae infection (Jasim & Farhan, 2020). Klebsiella pneumoniae is one of such clinically significant organisms that have acquired much public health concern. Klebsiella pneumoniae is a significant Enterobacteriaceae considered as one of the opportunistic pathogens causing broad spectra of diseases and showing increasingly frequent acquisition of resistance to antibiotics (Effah et al., 2020).  The reservoir for antibiotic-resistant genes are found in Klebsiella spp and studies on Klebsiella pneumoniae infections and antibiotic resistance in Malaysia are scanty (Naeemmudeen et al., 2021). The frequency of resistance to antibiotics among community-acquired pathogens and the number of drugs to which they are resistant is increasing and the boundaries between community and hospital environments are becoming more burred which could have consequences for the development of resistance to antimicrobial drugs (Sprenger, 1998). 
Due to the above facts provided, there is need to investigate the overall and individual prevalence in both hospital and community infections in Malaysia. Hence this systematic review and meta-analysis. 
Review Questions
1. What is the overall prevalence of ESBLs Klebsiella pneumoniae in Malaysia?
2. What is the occurrence of extended spectrum beta lactamases (ESBLs) in Malaysian community infections?
3. What is the incidence of ESBLs Klebsiella pneumoniae in Malaysian clinical infections?
4. What is the predominant occurrence of ESBL genes in Klebsiella pneumoniae in Malaysia?
5. What is the rate of ESBLs Klebsiella pneumoniae occurrence in different types of samples in Malaysia?
6. What is the methods of confirmatory tests used in the determination of extended spectrum beta lactamase Klebsiella pneumoniae?
7. What is the differences in the rate of ESBLs occurrence in both community and clinical infections in Malaysia?
Objectives: 
[bookmark: _Hlk42409893]Aim: is to assess the prevalence of ESBLs Klebsiella pneumoniae in Malaysian hospital and community infections by studying and summarising pertinent literature. In this review, overall proportion of ESBLs Klebsiella pneumoniae would be considered
Specific objectives include:
1. To evaluate the general proportion (prevalence or incidence) of ESBLs Klebsiella pneumoniae in Malaysian hospital and community infections
2. To determine the ESBLs Klebsiella pneumoniae prevalence in Malaysian hospital infections.
3. To assess the ESBLs Klebsiella pneumoniae occurrence in Malaysian community infections 
4. To determine the predominant ESBL occurring genes in both hospital and community infections in Malaysia.
5. To examine the differences in the rate of ESBLs Klebsiella pneumoniae incidence in both community and hospital in infections in Malaysia.
6. To determine the rate of ESBLs K. pneumoniae occurrence in different types of hospital samples
7. To assess the most common methods of confirmatory tests used in determination ESBLs K. pneumoniae incidence in both community and hospital infections in Malaysia
Methods
This systematic review will be done in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Moher et al., 2016).
· Inclusion criteria
· Study type: all observational studies (cross sectional, cohort, case control, prevalence surveys) that studied cases of ESBLs in K. pneumoniae among hospital and community patients will be included.
· Studies conducted in humans among hospital and community patients will be included
· Study location: studies conducted in Malaysia will be included.
· Time period: there will be no time limitation placed on the period of publication.
· Age and sex: no restriction
· Language of publication: only studies published in English language will be included.
· Publication type: both peer-reviewed and preprint articles will be included.
· Studies of community acquired infections of Klebsiella pneumoniae will be included
· Exclusion criteria
· Studies involving healthcare workers (occupational or work-related) infections will be excluded.
·   Studies conducted outside clinical/hospital or community settings will be excluded.
· Studies of ESBLs in animals will be excluded.
· Studies conducted in countries outside Malaysia will be excluded.
· Studies of ESBLs conducted in other bacteria will be excluded.
· In-silico, In-vitro, as well as In-vivo (using animal models) studies will be excluded. 
· Studies with incomplete data will be excluded.
· Studies with wrong contents will be excluded
· [bookmark: _Hlk42420382]Letters, books, book chapters, dissertations, review articles, opinion papers, reports, and conference papers will all be excluded.
Search strategy
[bookmark: _Hlk66457113]The search method will include using pre-specified search terms in five selected bibliographic databases. Meanwhile, a grey literature search will be carried out by hand searching the references of selected (review) articles and conference proceedings. Followed by the evaluation of all relevant literature citations found from the search.
Databases
The four (4) selected databases to be used include PubMed, CINHAL, Scopus, and MEDLINE. The electronic search strategy will be as follows:

Library/Database: PubMed
Date of Search: 15/2/2022	
Search String: (Prevalence OR Occurrence OR Incidence OR Epidemiology) AND (ESBLs OR ESBL OR Extended Spectrum Beta Lactamases)AND (Klebsiella pneumoniae OR K. pneumoniae OR Klebsiella infection OR KP OR Kp) AND (Clinical infection OR Clinical isolates OR Clinical samples OR Hospital infection OR Hospital-associated infection OR Hospital acquired infection OR Nosocomial infection OR HAI) AND (Community infection OR Community isolates OR Community samples OR Community-associated infection OR Community acquired infection OR CAI ) AND (Malaysia)
# Hits: 2
Library/Database:	CINHAL complete (via Ebscohost)
Date of Search: 15/2/2022	
Search String: (Prevalence OR Occurrence OR Incidence OR Epidemiology) AND (ESBLs OR ESBL OR Extended Spectrum Beta Lactamases)AND (Klebsiella pneumoniae OR K. pneumoniae OR Klebsiella infection OR KP OR Kp) AND (Clinical infection OR Clinical isolates OR Clinical samples OR Hospital infection OR Hospital-associated infection OR Hospital acquired infection OR Nosocomial infection OR HAI) AND (Community infection OR Community isolates OR Community samples OR Community-associated infection OR Community acquired infection OR CAI ) AND (Malaysia)
# Hits: 21
Library/Database:	Scopus 
Date of Search:	15/2/2022
Search String: “Prevalence” OR “Occurrence” OR “Incidence” OR “Epidemiology” AND “ESBLs” OR “ESBL” OR “Extended Spectrum Beta Lactamases” AND “Klebsiella pneumoniae” OR “K. pneumoniae” OR “Klebsiella infection” OR “KP” OR “Kp” AND “Clinical infection” OR “Clinical isolates” OR “Clinical samples” OR “Hospital infection” OR “Hospital-associated infection” OR “Hospital acquired infection” OR “Nosocomial infection” OR “HAI” AND “Community infection” OR “Community isolates” OR “Community samples” OR “Community-associated infection” OR “Community acquired infection” OR “CAI” AND “Malaysia”
# Hits: 1
Library/Database:	MEDLINE (via EBSCOhost)
Date of Search: 15/2/2022
Search String: (Prevalence OR Occurrence OR Incidence OR Epidemiology) AND (ESBLs OR ESBL OR Extended Spectrum Beta Lactamases)AND (Klebsiella pneumoniae OR K. pneumoniae OR Klebsiella infection OR KP OR Kp) AND (Clinical infection OR Clinical isolates OR Clinical samples OR Hospital infection OR Hospital-associated infection OR Hospital acquired infection OR Nosocomial infection OR HAI) AND (Community infection OR Community isolates OR Community samples OR Community-associated infection OR Community acquired infection OR CAI ) AND (Malaysia)
# Hits: 311
Total # of citations prior to de-duplication: 335
Total # of citations after de-duplication in Mendeley: 306
Total # citations added from manual search: 4
Total # citations (de-duplicated + manual search):310
 Data selection, collection, and management
All identified citations will be exported to the Mendeley reference manager for the removal of duplicates after the database search is completed. The de-duplicated citations will then be exported to the Rayyan Intelligent Systematic Review software (Ouzzani et al., 2016) for the title/abstract and full text screening based on the study inclusion and exclusion criteria. Four (4) independent reviewers would undertake the screening process, with a fifth and sixth reviewers deciding on areas of dispute between the four reviewers. The screening process for study selection will be summarised in a PRISMA flow diagram. The data extraction process will start with the creation of a priori data extraction form in a Microsoft Excel (MS) spreadsheet. Afterwards, the characteristics of the studies that will be included, as well as other relevant data, will be retrieved and inputted in the extraction data form. The data that will be extracted include: 1) study characteristics: title, author, year of publication, and study design; 2) baseline characteristics of study population: sample size, sample types; 3) the proportion of ESBLs K. pneumoniae, Differences in the rate of ESBL K. pneumoniae in both community and hospital infections, predominant ESBL genes, Frequency of ESBLs K. pneumoniae in different samples: 4) Common methods of confirmatory tests used. Four independent reviewers will carry out the complete data extraction procedure, which will be validated by a fifth reviewer.
Outcomes
Primary outcome: to determine the overall prevalence (proportion) of ESBLs Klebsiella pneumoniae in both hospital and community infections in Malaysia.
Secondary outcomes: to determine ESBL prevalence in hospital infection, to determine ESBLs K. pneumoniae occurrence in community infections, to assess the predominant ESBL occurring 
genes both hospital and community infections, to examine the differences in the rate of ESBLs K. pneumoniae incidence in both community and hospital infections, determine the rate of ESBL prevalence in different types of hospital samples, assess the methods of confirmatory tests used in the determination of ESBL K. pneumoniae.
Risk of Bias (quality) assessment
All articles to be included will be subjected to a quality assessment using the Joanna Briggs Institute critical appraisal checklist for studies reporting prevalence data (Institute, 2011). The appraisal tool has 9 questions that will be answered either; Yes (Y), No (N), Unclear (UC) or Not applicable (NA). Scores will be awarded as; Y = 1, N = 0, UC = 0, and NA will attract no score. Based on the scores the quality of the studies will be graded; studies with ≤50% scores will be deemed low quality studies. Those with >50% - 69% will be termed moderate quality studies. While high quality studies will be those with ≥70% scores.  The quality assessment process will be conducted by four independent reviewers and two other reviewers would verify. 
Meta-analysis
Statistical Assessment
MetaXL software (add-in for Microsoft Excel) will be used for quantitative analysis of the extracted data. The meta-analysis and pooling of the prevalence estimate (with the 95% confidence interval) will be done using the quality effect (QE) model and by employing (the transformed) double arcsine method.
Assessment of Heterogeneity
Estimation of statistical heterogeneity amongst the included studies will be done using the X2
test Cochrane Q, and I2 statistics. An I2 value of 0 to ≤40% will be considered as low heterogeneity, >40% to 60% will be regarded as moderate heterogeneity, >60% to 75% will be considered substantial heterogeneity, and >75% to 100% will be considered high heterogeneity.
Publication bias
Provided the number of included studies for the meta-analysis is ≥10, a funnel plot will be constructed to exam for publication bias. In the event of an observed asymmetry on the funnel plot, a further assessment using the Doi plot to evaluate the symmetry of the funnel plot will be carried out. Also, Egger’s regression test will be conducted to test the significance of the asymmetry.
Sensitivity Analysis
Sensitivity analysis will be done based on leave one out model to identify the studies that greatly influence the result of the meta-analysis.
Subgroup Analysis and meta-regression
Subgroup analysis and meta-regression will be conducted to identify the moderators of heterogeneity in the included studies. The factors to be used in the subgroup analysis will include; year of study publication, study sample size, detection method (ESBLs confirmatory tests) used, study quality and weight of study in meta-analysis. In the case of meta-regression, factors with considerable heterogeneity in the subgroup analysis will be used in the univariate analysis. Factors with significant univariate analysis will be used subsequently in the multivariate analysis. Due to the low statistical power of the meta-regression 0.25 will be considered as the significant p value.
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