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Nationwide Evidence of blaKPC-Positive Klebsiella pneumoniae in Brazilian Clinical Isolates: A Systematic Review and Meta-Analysis



Abstract
The dissemination of Klebsiella pneumoniae carbapenemase (KPC), encoded by the blaKPC gene, has become a major challenge to antimicrobial therapy. In Brazil, evidence of blaKPC-positive K. pneumoniae is extensive and fragmented. This study aims to systematically review  published data to characterize and quantify the prevalence of blaKPC among clinical K. pneumoniae isolates in Brazil. Following PRISMA guidelines, we performed a systematic review and proportion meta-analysis of studies published from 2006–2024 reporting molecular detection of blaKPC in clinical K. pneumoniae isolates across Brazil. Searches in SciELO, PubMed, ScienceDirect, and LILACS identified eligible cross-sectional and case-control studies. Data was independently extracted and appraised quality using Joanna Briggs Institute criteria. Random-effects models estimated pooled prevalence; heterogeneity, publication bias, and meta-regression were assessed. Thirty studies met inclusion criteria, totaling 5,630 isolates, of which 4,175 were screened for blaKPC and 1,488 were positive. The pooled blaKPC prevalence was 44.3% (95% CI= 0.405–0.481; I² = 97.3%). Subgroup analyses revealed regional heterogeneity (36.5–85.5%), and meta-regression showed a significant inverse association between study size and prevalence (p = 0.01). No publication bias was detected (Begg’s p = 0.40). blaKPC-harboring K. pneumoniae is highly prevalent and geographically widespread in Brazil. Study design variability and uneven surveillance likely explain observed heterogeneity, underscoring the need for standardized molecular monitoring and coordinated infection-control strategies.
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1. Introduction 
Klebsiella pneumoniae has rapidly evolved from a relatively benign commensal microorganism to one of the most problematic multidrug-resistant pathogens confronting global healthcare today [1]. This Gram-negative bacterium has not only adapted effectively to a broad range of clinical environments, but presents enhanced capacity of acquiring resistance genes, often severely limiting therapeutic options. Its impressive genomic plasticity allows it to swiftly respond to antimicrobial pressures, contributing significantly to morbidity, mortality, and healthcare-associated costs worldwide [2].
At the center of the escalating antibiotic resistance crisis is the widespread dissemination of carbapenemase-producing strains, such as those carrying the blaKPC gene. This gene encodes the Klebsiella pneumoniae carbapenemase (KPC), an enzyme that confers resistance by hydrolyzing carbapenems—antibiotics traditionally reserved for treating severe multidrug-resistant infections [3]. First identified in the United States in the late 1990s, blaKPC variants rapidly spread across continents, becoming a global public health concern by severely limiting treatment options [4].
Brazil's detection of blaKPC-positive K. pneumoniae began in the early 2000s, marking a significant turning point in national antimicrobial resistance (AMR) epidemiology. What initially appeared as isolated events quickly transformed into persistent endemicity in several Brazilian hospitals and regions, with some institutions reporting alarmingly high detection rates [5-7]. 
Despite the increasing clinical and epidemiological relevance of KPC-producing K. pneumoniae in Brazil, the available evidence remains dispersed across local and regional studies, making it difficult to obtain a clear national picture of the prevalence of blaKPC. This lack of consolidated evidence limits the ability to identify geographic trends, compare findings across settings, and support timely public health responses. Given the continuing spread of carbapenem resistance and its implications for clinical outcomes and healthcare systems, a systematic review of published data is urgently needed. Therefore, this study aims to systematically review published evidence to characterize and quantify the prevalence of the blaKPC gene among clinical K. pneumoniae isolates in Brazil. 
2. Material and Methods
2.1 Study design
This is a systematic review and meta-analysis that aims to investigate data on the molecular detection of serine-beta-lactamase encoding gene blaKPC in clinical-related K. pneumoniae isolates in the Brazilian territory. This study followed the recommendations of the Preferred Report Items of a Systematic Review and Meta-Analyses (PRISMA) 2020 and was registered with the International Prospective Register of Systematic Reviews (PROSPERO) under registration number CRD420251117220 [8-9]. A proportion meta-analysis was conducted in this study to investigate the prevalence of blaKPC. 
2.2 Search strategy and eligibility criteria
The POT strategy was used to construct the guiding question for this systematic review, which consisted of the following: “What is the prevalence of blaKPC gene in Brazilian clinical related samples of K. pneumoniae?”. The anagram for its formation comprised “P” for problem (Carbapenemases-CR-KP), “O” for outcome (frequency of blaKPC in K. pneumoniae in Brazil) and “T” for type of study (original studies). The keywords used to search the databases were: Beta-lactamases; Brazil; blaKPC; Klebsiella pneumoniae; serino-beta-lactamases; Bacteria; Carbapenemases (AND) [10-11].
Literature searches were performed in SciELO, PubMed, ScienceDirect and LILACS—databases that together encompass most of the Brazilian scientific research. Primary studies published in Portuguese, English or Spanish from January 2006 through December 2024 were eligible if they employed analytical, case‑control, cohort or cross‑sectional designs. Short communications, letters to the editor, editorials and any articles not freely available in full text were excluded.
2.3 Data extraction and assessment of methodological quality
The data was collected from all the databases mentioned above and distributed in an organized form in a computer spreadsheet application (Microsoft Office Excel 365). The database search, collection, investigation, tabulation and data extraction were carried out independently by two authors (CSS and MJAS). Any inconsistencies between the analyses were resolved with the help of a third researcher (YCR). The data extracted from the articles were: authors, year of publication, title, source(s), methodology, sample type, Brazilian city/region, collection method, setting profile, gene identification method, period in which the K. pneumoniae isolates were collected and the appropriate frequencies of blaKPC. Also, studies included in the present meta-analysis consisted of reports providing data on the molecular detection of blaKPC in K. pneumoniae isolates by PCR and/or WGS and describing the presence of at least two clinical isolates. 
The quality assessment was carried out by two investigators (CSS and MJAS) using the Joanna Briggs Institute (JBI) critical appraisal checklist for analytical cross-sectional studies (0-8) and for case-control studies (0-10). Only when the conditional answer was “Yes” were the scores for completing the checklist questions considered [12-13].
2.4 Statistical analysis
The Comprehensive Meta-Analyses – CMA program, version 3.3 (Biostat, Englewood, NJ, USA) and OpenMeta Analyst were used to carry out the statistical analysis of the meta-analysis [14]. The random effects model (Der-Simonian Laird – DL method) estimated the combined frequency of K. pneumoniae with 95% confidence intervals (95% CI). A subgroup analysis was performed to determine the frequency of blaKPC isolates according to Brazilian regions. The Chi-squared and I2 tests were used to determine the statistical difference groups (p<0.05 was considered statistically significant). Egger and Begg’s rank correlation test and a funnel plot were used to examine the potential for publication bias (p<0.05 was considered statistically significant). Sensitivity analysis, meta-regression and subgroup analysis based on study site were used to assess possible causes of variability, where applicable [15].
3. Results
3.1 Literature Search
After the initial screening and application of eligibility and inclusion criteria to the 393 records, 235 studies were excluded because their titles were not related to the topic and 105 were excluded as duplicates, editor’s letters, brief communications, or incomplete studies. Following full-text assessment, 23 additional studies were excluded. The sampling process is depicted in Figure 1 below.
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Figure 1 - Flowchart of the data collection and screening steps for blaKPC studies.
3.2 Characterization of the included studies
	Table 1 summarizes the 30 primary studies included in the quantitative synthesis [16-45]. Collectively, these investigations covered all Brazilian macro-regions (North, Northeast, Midwest, Southeast, and South), and two studies compiled isolates sampled from multiple regions within the country. Most studies used a retrospective cross-sectional design, with a smaller subset adopting case-control approaches. Sampling periods spanned nearly two decades, from an earliest extended surveillance window (August 2003–February 2012) to the most recent sampling period (2020–2023).
	Across studies, isolates were predominantly derived from hospital-based clinical settings, including tertiary-care hospitals, several multi-institution networks, ICUs, and pediatric or specialized services. In addition, some datasets were generated through public health laboratory surveillance (LACENs). Isolate sources were heterogeneous, comprising urine, blood cultures, respiratory samples, wounds/secretions, catheter tips, cerebrospinal fluid, and other invasive specimens; several studies also included colonization screening swabs, particularly rectal swabs (and, less frequently, oropharyngeal swabs).
	Study size varied markedly. The number of isolates tested for blaKPC ranged from small series to large laboratory-based datasets. Importantly, some investigations tested only a subset of all available K. pneumoniae isolates during the study period (e.g., 21/1,076, 54/325, and 69/95), reflecting differences in inclusion criteria and sampling strategies across sites.



	Regarding molecular detection, PCR was the most frequently employed method, while whole-genome sequencing (WGS) was applied in a subset of studies either alone or combined with PCR, particularly in genomic epidemiology and outbreak-focused investigations. Finally, methodological appraisal using Joanna Briggs Institute tools indicated generally moderate-to-high quality, with most cross-sectional studies scoring 7/8 or 8/8, and case-control studies typically achieving 9/10 or 10/10 when reported.



Table 1 - Summary of included studies: period, location, isolate, sources and blaKPC frequency. 
	Nº
	Authors/ Year
	Type of study/ Sample period
	Location/Region
	Setting profile
	 Nº isolates tested for blaKPC / Nº of total Kp isolates
	Isolates
source
	Results (blaKPC)
	Carbapenemases
detection
	JBI Score

	1
	Cabral et al. 2012
	Retrospective cross-sectional / 2007-2008
	Recife, Pernambuco State / Northeast region
	Clinical – Public and private hospitals
	24/24
	Urine, blood, tracheal secretion, bone fragment, abscess secretion and catheter tip
	blaKPC positive (10/24)
	PCR
	(8/8)

	2
	Pinto et al. 2014
	Retrospective cross-sectional / April – December 2013
	Porto Alegre, Rio Grande do Sul State, South region
	Clinical – Four tertiary care hospitals
	326/326
	Rectal swabs, urine, blood, soft tissue, peritoneal and pleural fluid
	blaKPC positive (223/326)
	PCR
	(7/8)

	3
	Andrade et al., 2014
	Retrospective case-control / 2012 - 2013
	Ribeirão Preto / São Paulo
	Clinical – Tertiary care hospital
	7/7
	urine, tracheal
secretion, blood, venous
catheter
	blaKPC-2 positive (7/7)
	PCR
	(9/10)

	4
	Biberg et al., 2015
	Retrospective case-control / 2009 - 2010
	Mato Grosso do Sul / Centro Oeste
	Clinical – Regional care hospital
	44/44
	urine, blood,
surgical wound exudates, catheter tips, tracheal aspirates
and spinal cerebrospinal fluid samples.
	blaKPC-2 positive
(36/44)
	PCR
	(10/10)

	5
	Ribeiro et al. 2016
	Retrospective cross-sectional / June 2012 - July 2013
	São Luis, Maranhão State / Northeast region
	Clinical – Public and private hospitals
	75/75
	Fluid abscess, rectal swab, blood, catheter tip, drenage secretion, nasal swab, surgical wound, tracheal secretion and urine
	blaKPC positive (60/75)
	PCR
	(8/8)

	6
	Pereira et al., 2016
	Retrospective cross-sectional / January – December 2012

	Juiz de Fora, Minas Gerais State / Southeast region
	Clinical –one tertiary care hospital
	21/1.076
	Urine, blood, tracheal secretion, bronchoalveolar lavage, and catheter tip
	blaKPC positive (20/21)
	PCR
	(8/8)

	7
	Aires et al., 2017
	Retrospective cross-sectional / July 2013 – November 2014
	Rio de Janeiro, Niterói, Campos dos Goytacazes Rio de Janeiro State / Southeast region
	Clinical / Eight healthcare institutions
	16/16
	Rectal swabs, urine, blood, catheter tip and CSF
	blaKPC positive (2/16)
	PCR
	(8/8)

	8
	Vivian et al. 2017
	Retrospective cross-sectional / July 2009 - 2010
	Londrina, Paraná State, South region
	Clinical / Hospital microbiology laboratory
	54/325
	Urinary tract, lower  respiratory tract, bloodstream and central venous catheter, skin and  soft  tissue   and  abdomen  or  peritoneum
	blaKPC positive (54/54)
	PCR
	(6/8)

	9
	Leite et al. 2017
	Retrospective cross-sectional / 2012 - 2013
	Maringa, Paraná State, South region
	Clinical – Single hospital
	26/26
	Not reported
	blaKPC positive (13/26)
	PCR
	(8/8)

	10
	Dalmolin et al. 2017
	Retrospective cross-sectional / July 2013 - August 2014
	Santa Maria, Rio Grande do Sul State / South region
	Clinical – Single hospital
	27/27
	Peritoneal fluid, urine, blood, stool, recta swab, wound, sputum, tracheal aspirates88
	blaKPC positive (24/27)
	PCR
	(8/8)

	11
	Tolentino et al. 2019
	Retrospective cross-sectional / 2011 - 2014
	São Paulo, São Paulo State / Southeast region
	Clinical – Single tertiary care hospital
	48/48
	Urinary tract infection, Lower respiratory tract infection, Skin and soft tissue infection,  Primary bacteremia, Catheter infection, Intra-abdominal infection, Bone infection, Intravascular infection, Surgical wound infection
	blaKPC positive (48/48)
	PCR
	(7/8)

	12
	Ferreira et al. 2019
	Retrospective cross-sectional / January 2014 -  May 2015
	Tocantins State / North region
	Clinical / Central public health laboratory (LACEN)
	25/25
	Rectal swab, tracheal aspirate, urine, cerebrospinal fluid, wound, sputum, abscess, surgical drain and catheter tip.
	blaKPC positive (25/25)
	PCR
	(8/8)

	13
	Longo et al. 2019
	Retrospective cross-sectional / November 2016 -  June 2017.
	Rio de Janeiro State / Southeast region
	Clinical – Two hospitals
	23/23
	Rectal and oropharynx screening swabs, urine and blood specimens
	blaKPC positive (6/23)
	WGS
	(7/8)

	14
	Palmeiro et al. 2019
	Retrospective cross-sectional / August 2003 - February 2012
	Curitiba, Paraná State / South region
	Clinical – Hospital complex
	43/43
	Various sites
	blaKPC positive (18/43)
	PCR and WGS
	(8/8)

	15
	Flores et al., 2019
	Retrospective cross-sectional / March 2016 – March 2017
	Rio de Janeiro State / Southeast region
	Clinical / Tertiary care hospital ICU
	103/103
	Rectal Swabs
	blaKPC positive
(8/103)
	PCR

	(7/8)

	16
	Raro et al., 2020
	Retrospective cross-sectional / 2017 - 2018
	Porto Alegre, Rio Grande do Sul State, South region
	Clinical / 1.000 bed hospital complex
	80/80
	Rectal swabs
	blaKPC positive
(71/80)
	WGS
	(8/8)

	17
	Firmo et al., 2020
	Retrospective cross-sectional / 2016 – 2018
	Recife, Pernambuco State / Northeast region
	Clinical / Three public and private hospitals
	16/16
	Urine, Surgical wound, Tracheal aspirate, Rectal swab
Blood, CSF, Bone
	blaKPC positive (15/16)
	PCR

	(8/8)

	18
	Vivas et al., 2020
	Retrospective cross-sectional
	Aracaju, Sergipe State / Northeast region
	Clinical / Hospital microbiology laboratory
	147/147
	Not described
	blaKPC positive (9/147)
	PCR
	(8/8)

	19
	de Oliveira et al., 2020
	Retrospective cross-sectional / 2017 - 2018
	Recife, Pernambuco state / Northeast region
	Clinical / Public hospital
	27/27
	Different sites on infection and colonization
	
blaKPC positive (24/27)
	PCR
	(8/8)

	20
	Rodrigues et al., 2021
	Retrospective cross-sectional / 2018 - 2021
	Belém, Pará State / North region
	Clinical / Nine different healthcare institutions in the region
	23/23
	Urine, blood, tracheal secretion, rectal swab, bronchoalveolar lavage, abdominal abscess secretion, wound secretion, nasopharyngeal secretion, soft-tissue secretion, and peritoneal fluid
	blaKPC positive (4/23)
	PCR
	(8/8)

	21
	Lee et al., 2021
	Retrospective cross-sectional / 2010 - 2014
	Brasília, Distrito Federal, Mid-west region
	Clinical / 12 hospitals
	69/95
	Not described
	blaKPC positive
(61/69)
	WGS
	(8/8)

	22
	Silveira et al., 2021
	Retrospective cross-sectional / 2019 - 2020
	Several locations / Northeast, North, Southeast and Mid-west regions
	Clinical / Hospitals

	205/205
	Blood and catheter tip
	blaKPC positive
(142/205)
	WGS and PCR
	(8/8)

	23
	Migliorini et al., 2021
	Retrospective case-control / 2011 - 2017
	São Paulo, São Paulo State / Southeast region
	Clinical / Tertiary care hospital
	18/18
	blood, abdominal
abscess, urine, bronchoalveolar
lavage, ascitic fluid, rectal
surveillance, swabs.
	blaKPC-30 positive (1/18)
blaKPC-3 positive (1/18)
blaKPC-2 positive (16/18)
	WSG
	(10/10)

	24
	Sampaio et al., 2021
	Retrospective case-control / 2015 - 2017
	São Paulo, São Paulo State / Southeast region
	Santa Casa de São Paulo
	51/51
	clinical samples
	blaKPC positive (51/51)
	PCR
	(9/10)

	25
	Gaspar et al., 2022
	Case-control
	Ribeirão Preto / São Paulo
	Clinical / Tertiary care hospital
	26/26
	blood, tracheal secretion, urine, peritoneal fluid, and
surgical wound.
	blaKPC-2 positive (24/26)
	WGS
	(10/10)

	26
	Rocha et al., 2022
	Retrospective cross-sectional / 2016 - 2018
	Bahia state / Northeast region
	Clinical / Tertiary care hospital
	56 /56
	Rectal swab; blood culture; catheter tip; intraoperative secretion; tracheal secretion; and urine culture.
	
blaKPC positive (53/56)
	PCR and WGS
	(8/8)

	27
	Neto et al., 2022
	Retrospective cross-sectional /
	Several locations / Northeast, Mid-west, Southeast and South regions
	Clinical / Hospitals
	502/502
	Blood, urine, tracheal aspirate, rectal swab, catheter tip, sputum, tissue fragment and wound
	blaKPC positive
(122/502)
	PCR
	(8/8)

	28
	Barroso et al. 2023
	Retrospective cross-sectional / 2016 - 2021
	São Paulo, São Paulo State / Southeast region
	Clinical / Pediatric care hospital
	36/36
	Blood, urine, rectal swab, wound
	blaKPC positive
(26/36)
	PCR
	(7/8)

	29
	dos Santos et al., 2024
	Retrospective cross-sectional /
	Rondônia State / North region
	Clinical / Central public health laboratory (LACEN/RO)
	2.109 / 2.109
	Not described
	blaKPC positive (272/2.109)
	PCR
	(8/8)

	30
	Silva et al., 2024
	Retrospective cross-sectional / 2020 - 2023
	Juiz de Fora, Minas Gerais State / Southeast region
	Clinical / University Hospital
	51/51
	Tracheal aspirate cultures
	blaKPC positive (44/51)
	PCR
	(8/8)





Legend: Kp: Klebsiella pneumoniae;   PCR: Polymerase  chain reaction; WGS: Whole-genome sequencing. 



3.3. Prevalence of blaKPC harboring isolates, results and publication bias of proportion meta-analysis 
Across the 30 included studies, among a total of 5.630 K. pneumoniae, 4.175 isolates were screened for blaKPC genes, of which 1.488 (35.6%) tested positive. Under a random-effects model, the pooled blaKPC prevalence was 44.3% or 0.443 (95% CI= 0.405-0.481; Q = 1096.43, df = 29, p < 0.001; I² = 97.35%), reflecting extreme between-study heterogeneity (Figure 2). Begg’s rank correlation test showed no evidence of publication bias (p = 0.40), corroborated by a symmetrical funnel plot (Figure 3).

Figure 2 – Forest plot of blaKPC prevalence among K. pneumoniae clinical isolates in Brazil, stratified by Brazilian macro‑regions.
Legend:  Forest plot of blaKPC prevalence among K. pneumoniae clinical isolates in Brazil, stratified by Brazilian macro-regions. Legend: Diamonds represent pooled prevalence estimates with 95% confidence intervals (CI). Squares indicate point estimates from individual studies, with the size proportional to study weight in the meta-analysis. Horizontal lines show the 95% CI for each study.

Figure 3 – Funnel plot assessing publication bias among studies included in the meta‑analysis of blaKPC prevalence in K. pneumoniae isolates.
Legend: The included published studies are shown as circles, which should be evenly spaced around the overall effect to form an inverted funnel. The most precise studies appear in the narrowest part of the funnel and lie closest to the true value. The standard error—plotted on the Y‑axis as a measure of dispersion—is influenced by each study’s sample size; the larger the standard error, the more imprecise the study. The central line of the plot, marked on the X‑axis by a diamond, represents the effect measure result examined in the meta‑analysis. The lines outlining the funnel correspond to the 95% confidence intervals.
Subgroup analyses were performed by Brazilian macro-region, revealing marked geographic heterogeneity in the prevalence of K. pneumoniae harboring blaKPC genes. In the Southeast (eleven studies), the pooled prevalence was 70.5% or 0.705 (95% CI= 0.383-0.902); the South (six studies), the pooled prevalence was 75.1% or 0.751 (95% CI= 0.569-0.873); the Northeast (six studies), the pooled prevalence was 71.7% or 0.717 (95% CI= 0.287-0.941); the North (three studies), the pooled prevalence was 36.5% or 0.365 (95% CI= 0.086-0.778); the Midwest (two studies), the pooled prevalence was 85.5% or 0.855 (95% CI= 0.777-0.910); the Northeast, Midwest, Southeast and South Regions (one study), the pooled prevalence was 24.3% or 0.243 (95% CI= 0.207-0.282); the Northeast, North, Southeast and Midwest Regions (one study), the pooled prevalence was 69.3% or 0.693 (95% CI= 0.626-0.752).
3.5 Meta-regression Demonstrating the Impact of Study Size on blaKPC Prevalence
Meta-regression in this article was employed as an advanced exploratory analysis to investigate possible sources of heterogeneity observed in the meta-analysis of blaKPC gene prevalence in clinical isolates of K.  pneumoniae in Brazil. Given the extremely high degree of heterogeneity among the included studies (I² ≈ 98%), it became methodologically necessary to assess whether study characteristics could explain some of this variability, going beyond simply estimating the combined effect.
Specifically, meta-regression assessed the association between the sample size of each study (number of isolates tested) and the reported prevalence of blaKPC, using the logit-transformed event rate as the dependent variable. The meta-regression results demonstrated a statistically significant inverse association between study size and reported blaKPC prevalence (p = 0.01). In practical terms, this indicates that studies with fewer isolates tend to report higher prevalences, while larger studies present more moderate estimates (Figure 4).

Figure 4 – Scatterplot of the meta-regression of the logit-transformed blaKPC event rate against study sample size (n = number of isolates per study).
Legend: Scatterplot of the meta-regression of the logit-transformed blaKPC event rate against study sample size (n = number of isolates per study). Legend: Bubble areas are inversely proportional to each study’s variance (larger bubbles = greater weight). The solid line represents the fitted regression (β = −0.0035 per isolate; p < 0.001), demonstrating that smaller studies tend to report higher logit event rates of blaKPC.

4. Discussion
	This systematic review and proportion meta-analysis consolidates published national evidence on the molecular detection of blaKPC in Brazilian clinical K. pneumoniae isolates and demonstrate that KPC remains a widespread AMR threat across the country. These findings also support the notion that, after early detections in the 2000s, blaKPC dissemination evolved into endemic and sustained circulation across Brazilian healthcare settings rather than remaining confined to isolated outbreaks.
	Brazil’s pooled blaKPC estimate in our meta-analysis suggests that KPC remains a central driver of carbapenem resistance in Brazilian clinical K. pneumoniae, a pattern that contrasts with several regions where other carbapenemases predominate. For example, a recent systematic review and meta-analysis focused on Africa reported a much lower pooled prevalence of blaKPC (4.87%; 95% CI 3.01–6.73%) among clinical K. pneumoniae isolates, while blaNDM-1 and blaOXA-48 were more prominent [46]. Similarly, Nasiri et al. [47] reported a pooled carbapenem resistance prevalence of ~24% among K. pneumoniae and highlighted blaOXA-48 as a leading mechanism in Iran. 
	In contrast, data from higher-income settings show that KPC can still be a dominant carbapenemase. A large US multicenter surveillance study of carbapenem-resistant Enterobacterales (CRE) found KPC as the most common carbapenemase (65.5% of CRE) [48]. Finally, even within high-risk subpopulations, blaKPC remains frequent internationally: a 2025 meta-analysis in carbapenem-resistant hypervirulent K. pneumoniae estimated blaKPC prevalence of 58.8% (95% CI 47.8–68.9%), reinforcing that KPC continues to play a major role in clinically important lineages worldwide [49].
	Regional surveillance data from Latin America and the Caribbean help contextualize our Brazilian estimates and suggest that blaKPC remains highly prevalent in the region, but within a shifting carbapenemase landscape. In the CARBA-LAC (PAHO-linked) multicountry surveillance (2015–2020), blaKPC was the most frequently detected carbapenemase among CRE, accounting for 78.67% (24,569/31,230) of detected genes, and the temporal trend of blaKPC gene density remained stationary across bacterial groups over the study period, whereas blaNDM density increased markedly, consistent with an expanding regional footprint of NDM enzymes [50]. In Brazil specifically, national molecular surveillance (SISLAB, 2015–2022) indicates a declining Enterobacterales detection rate for blaKPC (from 74.5% in 2015 to 55.1% in 2022) alongside a steep increase in blaNDM (from 4.1% to 39.4%), reinforcing the interpretation of an epidemiological transition in which KPC dominance is progressively challenged by NDM dissemination [51-52]. 
	Most included studies relied on PCR-based detection, which generally reports blaKPC as a binary finding and therefore limits inference about the diversity of circulating KPC variants. Even so, when variant information was available, mainly in studies using WGS or combined approaches, blaKPC-2 emerged as the predominant allele in Brazilian clinical-related K. pneumoniae [19,26,32]. Sporadic identification of blaKPC-3 and blaKPC-30 was also reported, indicating that Brazil’s KPC landscape is not monolithic and may include multiple introduction events and/or local diversification over time [38].  This variant heterogeneity has practical implications: different alleles may be associated with distinct lineages and mobile genetic elements, influencing transmission dynamics and outbreak persistence. Consequently, broader incorporation of WGS-based surveillance alongside routine PCR screening would strengthen resolution of variant circulation, support more precise outbreak investigation, and improve comparability of molecular epidemiology across regions and time [28,36,37,38].
	A key contribution of this synthesis is the demonstration of marked geographic variability in pooled estimates, consistent with the heterogeneous Brazilian healthcare landscape and uneven intensity of surveillance. Subgroup analyses by macro-region indicated higher pooled prevalence in the Midwest (85.5%), South (75.1%), Northeast (71.7%), and Southeast (70.5%), while the North showed a lower pooled estimate (36.5%). These contrasts likely reflect differences in patient populations, hospital complexity (e.g., tertiary centers vs. mixed networks), local transmission dynamics, and laboratory capacity, as well as whether studies were conducted during endemic periods or during intensified control efforts. The included literature spans multiple settings (ICUs, tertiary hospitals, and public health laboratories), and isolates originate from both invasive clinical specimens and surveillance samples, all of which can shift observed frequencies upward or downward (Table 1).
	The meta-regression provides additional insight into why prevalence estimates differ so dramatically between studies. Specifically, a statistically significant inverse association between study size and reported blaKPC prevalence (p = 0.01) suggests that smaller investigations tend to report higher proportions, whereas larger datasets yield more moderate estimates. In practice, this pattern is compatible with the inclusion of outbreak-focused reports, highly selected cohorts, or single-ward/ICU series among smaller studies — contexts in which transmission is concentrated and blaKPC frequencies can be inflated relative to broader hospital or regional surveillance (Figure 4).
	Despite these complexities, the overall message is clear: blaKPC-producing K. pneumoniae is broadly distributed and commonly detected in Brazilian clinical contexts, demanding sustained and coordinated responses. The findings reinforce the importance of (i) robust infection prevention and control measures in high-risk wards, (ii) targeted screening policies aligned with local epidemiology, and (iii) expansion of molecular and genomic surveillance capacity to promptly detect introductions, track dissemination, and support outbreak containment.
	Our results should be interpreted considering several important limitations. First, study size appears to be a major contributor to variability: smaller, single-center or ward-based reports often yielded very high prevalence, whereas larger datasets tended to produce more moderate estimates. Second, even accounting for sample size, heterogeneity remained substantial, indicating that other factors—such as sampling period, healthcare context (ICU, general wards, or screening cohorts), isolate source, and molecular approach (PCR vs. WGS)—likely also shape the observed frequencies. Third, restricting eligibility to full original articles (excluding brief communications and letters) may have reduced capture of early outbreak signals and unusual local peaks. Fourth, although the search strategy was designed to be sensitive, reliance on a defined set of keywords and database indexing practices means that some relevant studies may have been missed. Despite these constraints, this work provides a comprehensive synthesis of published evidence on blaKPC in Brazilian clinical-related K. pneumoniae across all macro-regions. The review followed PRISMA guidance, applied independent screening and extraction, incorporated standardized quality appraisal, and used subgroup and meta-regression analyses to explore potential sources of heterogeneity, strengthening the rigor and transparency of the conclusions.
5. Conclusions
	This systematic review and proportion meta-analysis shows that blaKPC is widely detected in clinical-related K. pneumoniae isolates in Brazil, with a pooled prevalence of 44.3% and very high heterogeneity, indicating substantial variation across regions, settings, and study designs. Subgroup analyses revealed marked geographic differences, and meta-regression identified an inverse association between study size and prevalence, suggesting that sampling strategy and outbreak-driven datasets can inflate estimates in smaller studies. Collectively, these findings confirm blaKPC among K. pneumoniae as a persistent national AMR threat.
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