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RESUMO 

 

Objetivo: Descrever a distribuição espacial de microrganismos causadores de infecções primárias de corrente sanguínea em unidades de terapia intensiva 

no Brasil. Método: Estudo observacional, retrospectivo de análise documental, conduzido conforme o STROBE, baseado em dados secundários da 

Agência Nacional de Vigilância Sanitária e do Instituto Brasileiro de Geografia e Estatística, referentes a 2019–2022. Realizou-se análise descritiva com 

auxílio dos recursos do Microsoft Excel®, obtendo frequências absolutas e relativas, taxas por 100 mil habitantes e comparação entre as cinco regiões 

brasileiras. Resultados: Identificaram-se heterogeneidades regionais na composição microbiológica: entre os Gram-negativos, destacou-se a Klebsiella 

pneumoniae em todas as regiões; dos Gram-positivos, o Staphylococcus coagulase-negativa foi o mais frequente, especialmente no Sul, Centro-Oeste e 

Sudeste. A Candida não-albicans predominou entre os fungos, na maioria das regiões. Observou-se aumento expressivo em 2021, seguido de redução 

em 2022. Conclusão: O padrão espacial aponta necessidades regionais distintas na distribuição dos microrganismos causadores de infecções primárias 

de corrente sanguínea. Os achados refletem também os impactos do período pandêmico sobre a ocorrência dessas infecções e reforçam a necessidade 

de estratégias regionais de prevenção e controle, com foco em vigilância ativa e integração de dados no sistema público de saúde. 

 

Descritores: Infecção da Corrente Sanguínea; Unidades de Terapia Intensiva; Monitoramento Epidemiológico; Infecções Relacionadas à Assistência à 

Saúde; Infecções Relacionadas a Cateter. 

 
ABSTRACT 

 

Objective: To describe the spatial distribution of microorganisms responsible for primary bloodstream infections in intensive care units in Brazil. 

Method: Observational and retrospective study with documentary analysis conducted in accordance with STROBE, based on secondary data from the 

National Health Surveillance Agency and the Brazilian Institute for Geography and Statistics referring to 2019–2022. Descriptive analysis was 

performed using Microsoft Excel® resources, obtaining absolute and relative frequencies, rates per 100,000 inhabitants, and comparisons among the 

five Brazilian regions. Results: Regional heterogeneity was identified in microbiological composition: among Gram-negatives, Klebsiella pneumoniae 

predominated in all regions; among Gram-positives, coagulase-negative Staphylococcus was most frequent, especially in the South, Central-West, and 

Southeast. Non-albicans Candida predominated among fungi in most regions. A considerable increase was observed in 2021, followed by a reduction 

in 2022. Conclusion: The spatial pattern reveals distinct regional needs regarding the distribution of microorganisms causing primary bloodstream 

infections. The findings also reflect the pandemic period’s impact on these infections’ occurrence and emphasize the need for regional prevention and 

control strategies focused on active surveillance and data integration within the public health system. 

 

Descriptors: Bloodstream Infection; Intensive Care Units; Epidemiological Monitoring; Healthcare-Associated Infections; Catheter-Related Infections. 
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What is already known: 

• Primary bloodstream infections are frequent events among crit-

ically ill patients admitted to ICUs. 

• Multidrug-resistant microorganisms such as Klebsiella pneu-

moniae and coagulase-negative Staphylococcus are prevalent 

in critical settings. 

• Nursing professionals play a crucial role in preventing and con-

trolling BSIs. 

What this study adds: 

• It revealed regional variations in the microbiological profile of 

BSIs in Brazilian ICUs. 

• It identified a significant increase in microorganisms in 2021, 

followed by a decline in 2022. 

• It reinforced the relevance of active and integrated microbio-

logical surveillance within the Unified Health System (Sistema 

Único de Saúde, SUS). 

INTRODUCTION 

 

Healthcare-associated infections (HAIs) are compli-

cations that arise during or after hospitalization, provided 

they are associated with procedures, care, or exposures 

within the hospital environment(1). They constitute one of the 

most frequent adverse events related to healthcare and repre-

sent a serious public health problem, as they increase mor-

bidity, mortality, length of hospital stay, and care-related 

costs. HAIs also compromise patient safety and the quality 

of healthcare services(2-4). From an international perspective, 

HAIs remain a public health priority, with substantial clinical 

and economic impact and uneven implementation of preven-

tion and control practices across countries(2). In intensive 

care units (ICUs), the risk is significantly higher; European 

surveillance estimates indicate that approximately 16% of 

patients hospitalized for more than 48 hours present at least 

one HAI(5). 

In ICUs, a specific type of HAI that deserves attention 

is primary bloodstream infection (PBSI), which affects pa-

tients using a central venous catheter (CVC) for at least 48 

hours, considering “Day 1” as the first day the device is used. 

The CVC usually remains for long periods and is frequently 

handled throughout the day by different healthcare profes-

sionals. Infection may occur while the CVC is still in place 

or up to one day after its removal(6). 

The CVC is a widely used device in ICUs because it 

provides direct access to the vascular system. However, it is 

directly related to the occurrence of PBSI due to exposure of 

the intravascular environment to external contamination. 

This vulnerability results from the possibility that microor-

ganisms present on the skin may enter the bloodstream dur-

ing catheter handling, particularly through healthcare work-

ers’ hands, in addition to the patient’s severe clinical condi-

tion, which compromises immune response(6). 

The nursing team plays a strategic role in preventing 

and controlling PBSI, especially in ICUs, where it provides 

direct patient care, including routine management of inva-

sive devices such as CVCs. Recent guidelines indicate that 

the consistent implementation of infection prevention and 

control practices, including hand hygiene, aseptic technique 

during catheter insertion and handling, skin antisepsis with 

alcohol-based chlorhexidine, proper device maintenance, 

and daily reassessment of catheter need, as well as continu-

ous education and auditing actions, is associated with reduc-

tion of HAIs(2,7). 

Nursing practice, therefore, goes beyond technical 

execution, encompassing active surveillance, care manage-

ment, and effective contribution to quality and safety within 

the Unified Health System (SUS). However, despite the cen-

tral role of nursing in infection prevention and surveillance, 

structural challenges persist that hinder a comprehensive un-

derstanding of the microbiological profile in Brazilian ICUs. 

Despite advances in HAI prevention and control pro-

tocols, there remains a significant gap in identifying the mi-

crobiological profile of microorganisms responsible for 

PBSI across different Brazilian regions. Previous studies 

have addressed isolated or regional data, which limits an in-

tegrated view of microorganism distribution over time(8-9). 

The COVID-19 pandemic changed ICU care dynamics, in-

cluding human resource availability, intensified use and du-

ration of invasive devices, and training routines, factors that 

may influence infection prevention and control 

measures(8,10). In this context, expanding the understanding 

of regional and temporal distribution of these microorgan-

isms using national data is essential to support more effective 

prevention strategies within SUS. This study aimed to de-

scribe the spatial distribution of microorganisms responsible 

for primary bloodstream infections in intensive care units in 

Brazil. 

 

METHOD 

 

Study design 

 

Observational and retrospective study with documen-

tary analysis based on the recommendations of the Strength-

ening the Reporting of Observational Studies in Epidemiol-

ogy (STROBE) checklist, according to Equator Network 

guidelines. The study was conducted using publicly availa-

ble secondary data obtained from two main sources: the Pa-

tient Safety and Quality in Health Services Information Bul-

letin – Evaluation of National Indicators of Healthcare-As-

sociated Infections (HAI) and Antimicrobial Resistance 

(AMR), published by the National Health Surveillance 

Agency (Agência Nacional de Vigilância Sanitária, AN-

VISA); and population estimates from the 2010 Census for 

the period 2019 to 2021, as well as the 2022 Census of the 

Brazilian Institute for Geography and Statistics (Instituto 

Brasileiro de Geografia e Estatistica, IBGE), specifically 

population estimates for 2010–2021 and results from the 

2022 Demographic Census(11-13). The period of analysis cov-

ered 2019 to 2022. 

ANVISA bulletins provide detailed information on 

the microbiological profile of laboratory-confirmed primary 

bloodstream infections, while IBGE censuses supply demo-

graphic data to support contextual interpretation of the mi-

crobiological analysis.  

 

Study setting 

 

The study encompassed the five major geographic re-

gions of Brazil: North, Northeast, Central-West, Southeast, 

and South. 

 

Data collection 

 

The period of analysis spanned 2019 to 2022, cover-

ing the year preceding and the years following the onset of 

the COVID-19 pandemic in Brazil. Data collection occurred 
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between June and July 2024 through extraction of publicly 

accessible information available in ANVISA and IBGE plat-

forms. 

 

Study variables 

 

Variables extracted from the selected databases in-

cluded: identified microorganism (laboratory-confirmed 

PBSI), taxonomic group (Gram-positive, Gram-negative, 

fungi), year of record, geographic region, and number of 

cases by region and year. From IBGE, population counts by 

region and year were obtained to calculate rates per 100,000 

inhabitants. 

 

Data analysis 

 

Data were organized in Microsoft Office Excel® 

spreadsheets and subjected to descriptive statistical analysis. 

The analysis involved distribution of microorganisms in ab-

solute (n) and relative (%) values, adjusted for 100,000 in-

habitants according to region and year (IBGE denominator), 

stratified by year (2019–2022), region, and taxonomic group, 

and, when applicable, by species with higher incidence. For 

period synthesis, means for 2019–2022 by region and micro-

organism, annual percentage variation, and absolute differ-

ences between 2019 and 2022 were estimated, emphasizing 

regional distribution and temporal evolution. 

 

Bias control 

 

Microbiological nomenclature was standardized 

among bulletins; records without microorganism identifica-

tion and/or without regional indication were excluded from 

comparative analyses. Rates per 100,000 inhabitants were 

used to mitigate population differences across regions. 

 

Ethical aspects 

 

As this research relied exclusively on publicly avail-

able and unrestricted-access sources, submission to a Re-

search Ethics Committee was not required, in accordance 

with Resolution No. 466/2012 of the National Health Coun-

cil. All ethical principles related to the use of secondary data 

were respected, including appropriate citation of sources and 

protection of personal information, in compliance with cop-

yright provisions established by Law No. 12.853/2013. 

 

RESULTS 

 

In adult ICUs nationwide, 18,847 primary blood-

stream infection (PBSI) cases were recorded in 2019, 26,503 

in 2020, 41,902 in 2021, and 28,810 in 2022. The corre-

sponding national rates per 100,000 inhabitants were 8.97, 

12.52, 19.64, and 14.19, respectively, with a peak in 2021 

followed by a reduction in 2022. The following sections pre-

sent regional and microorganism group variations. 

In Figure 1, higher cumulative incidence (2019–

2022) was observed in the Southeast (59.8 per 100,000 in-

habitants) and Central-West (54.1 per 100,000 inhabitants) 

regions, followed by the South (53.9 per 100,000 inhabit-

ants), while the Northeast (38.2 per 100,000 inhabitants) and 

North (24.4 per 100,000 inhabitants) showed lower figures. 

By category, Gram-positive and Gram-negative microorgan-

isms dominated the profile across all regions, whereas fungi 

accounted for a smaller share (approximately 5.7% of the to-

tal during the period). Nationwide, Gram-positive microor-

ganisms slightly predominated (48.1%) compared with 

Gram-negatives (46.1%). Regionally, Gram-negatives were 

relatively higher in the Central-West and Northeast, while 

Gram-positives prevailed in the South, Southeast, and North. 

Colors are not comparable across panels, as each map uses 

an independent color scale. 

 

 
Figure 1 - Spatial distribution of incidence per 100,000 in-

habitants by region in Brazil, 2019–2022: (a) Total; (b) 

Gram-positive microorganisms; (c) Gram-negative microor-

ganisms; (d) fungi. Darker shades indicate higher incidence. 

Independent color scales for each panel 

Source: prepared by the authors, 2025. 

 

In Figure 2a, Gram-negative microorganisms showed 

an upward trend in all regions up to 2021, followed by de-

cline in 2022. This pattern was most pronounced in the Cen-

tral-West, which recorded the highest rates throughout the 

period, in contrast with the North, where incidence remained 

consistently low. 

In Figure 2b, Gram-positives also increased until 

2021 and then declined. The South stood out with the highest 

values in that year, while the Northeast maintained a contin-

uous upward trajectory, differing from other regions by the 

absence of decline in 2022. 

In Figure 2c, fungi became evident from 2020 on-

wards, with initial growth in all regions followed by slight 

reduction in 2022. The highest concentration occurred in the 

Southeast, while the North maintained residual levels 

throughout the analyzed period. 

 

 
Figure 2 - Time series of incidence per 100,000 inhabitants 

of microorganisms by taxonomic group and region in Brazil, 

2019–2022: (a) Gram-negatives; (b) Gram-positives; (c) 

fungi. Fungal records from 2020 onwards. Lines represent 

the five Brazilian regions 

Source: prepared by the authors, 2025. 
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In the 2019–2022 mean (Table 1), among Gram-neg-

atives, Klebsiella pneumoniae stood out in all regions, with 

higher values in the Central-West (2.72 per 100,000 inhabit-

ants) and South (2.14 per 100,000 inhabitants). Among 

Gram-positives, coagulase-negative Staphylococcus showed 

the highest values, mainly in the South (4.18 per 100,000 in-

habitants), Central-West (3.54 per 100,000 inhabitants), and 

Southeast (3.43 per 100,000 inhabitants). Regarding fungi, 

non-albicans Candida predominated across most regions, 

with higher values in the Southeast (0.60 per 100,000 inhab-

itants) and Northeast (0.46 per 100,000 inhabitants), while in 

the North, Candida albicans prevailed (0.18 per 100,000 in-

habitants). 

 

Table 1 - Mean incidence (2019–2022) of the most frequent microorganisms by region in Brazil 

 Gram- negatives Gram- positives Fungi 

Region 

Klebsiella 

pneumoniae 

Acinetobacter Pseudomonas 

aeruginosa 

Coagulase-nega-

tive Staphylo-

coccus 

Staphylococcus 

aureus 

Non-al-

bicans 

Candida 

Candida 

albicans 

Central-

West 

2.72 1.26 1.2 3.54 1.08 0.4 0.28 

Southeast 1.94 1.68 0.99 3.43 2.38 0.6 0.48 

South 2.14 0.64 0.82 4.18 1.83 0.23 0.22 

Northeast 1.54 0.92 0.83 2.87 0.86 0.46 0.25 

North 0.78 0.55 0.4 1.73 0.5 0.16 0.18 

Source: prepared by the authors, 2025. 

 

When comparing microorganism incidence across 

Brazilian regions, Gram-negative and Gram-positive bacte-

ria displayed similar patterns in most regions, with progres-

sive increases until 2021 followed by decline in 2022. The 

exception was the Northeast, where both categories main-

tained a steady upward trend throughout the study period. 

The Central-West recorded the highest Gram-negative rates 

in 2021 (11.10 per 100,000 inhabitants), whereas the South 

showed the highest Gram-positive values that same year 

(12.46 per 100,000 inhabitants). The North consistently pre-

sented the lowest bacterial rates in all evaluated years, with 

little annual variance. 

Regarding fungi, records began only in 2020. Overall, 

there was an increase from 2020 to 2021 across all regions, 

followed by stabilization and moderate decline in 2022. The 

South showed more pronounced fluctuations, while the 

North and Northeast maintained more stable patterns. 

Analyzing microorganism types, among Gram-nega-

tive bacteria, Klebsiella pneumoniae had the highest inci-

dence in all regions. In the Central-West, 2.72 cases per 

100,000 inhabitants were recorded, followed by Acinetobac-

ter spp. with 1.26 and Pseudomonas aeruginosa with 1.20. 

In the Southeast, Klebsiella pneumoniae registered 1.94, fol-

lowed by Acinetobacter spp. (1.68) and Pseudomonas aeru-

ginosa (0.99). In the South, data showed 2.14 for Klebsiella 

pneumoniae as the most frequent organism, followed by 

Pseudomonas aeruginosa (0.82) and Acinetobacter spp. 

(0.64). In the Northeast, Klebsiella pneumoniae recorded 

1.54, followed by Acinetobacter spp. (0.92). In the North, 

Klebsiella pneumoniae reached 0.78 as the most frequent or-

ganism, while Acinetobacter spp. presented 0.55 per 100,000 

inhabitants. 

Among Gram-positive bacteria, coagulase-negative 

Staphylococcus was the most frequent microorganism in all 

five regions, with higher values in the South (4.18), followed 

by the Central-West (3.54), Southeast (3.43), Northeast 

(2.87), and North (1.73). Staphylococcus aureus ranked sec-

ond in all regions, with 1.83 (South), 2.38 (Southeast), 1.08 

(Central-West), 0.86 (Northeast), and 0.50 (North). 

The highest fungal incidence occurred in the South-

east, especially for non-albicans Candida (0.60). The North-

east reported 0.46 for this species, followed by the Central-

West (0.40) and South (0.23). In the North, Candida albicans 

predominated, with 0.18 per 100,000 inhabitants. 

 

DISCUSSION 

 

This study analyzed the spatial distribution of micro-

organisms responsible for primary bloodstream infections 

(PBSI) in Brazilian intensive care units (ICUs) during 2019–

2022, using national secondary data. The Gram-negative 

bacterium Klebsiella pneumoniae predominated, particularly 

in the Central-West region. Among Gram-positive bacteria, 

coagulase-negative Staphylococcus was the most frequent 

microorganism across all regions. Regarding fungi, non-al-

bicans Candida prevailed in most areas, except in the North, 

where Candida albicans was predominant. Beyond regional 

differences, there was a marked increase in microorganism 

incidence in 2021, possibly related to the repercussions of 

the COVID-19 pandemic on care workflows and infection 

control practices(10). 

Although the increase observed in 2021 may reflect 

heightened risk due to care overload, intensified surveillance 

and notification must also be considered during this period. 

The prioritization of healthcare-associated infections (HAIs) 

within institutional agendas and the requirement of manda-

tory national reporting may have improved case detection 

sensitivity, resulting in higher rates that do not necessarily 

indicate proportional increases in actual incidence(6). This 

distinction is relevant, as it implies different strategic ap-

proaches: strengthening operational capacity and adherence 

to prevention practices on one side, and ensuring stability 

and standardization of surveillance and reporting processes 

on the other, to avoid measurement bias between years and 

regions(11). 

From an international perspective, the findings align 

with reference reports describing high HAI burdens in ICUs 

and marked heterogeneity between countries and regions. In 

European surveillance networks, for instance, nearly one in 

six patients hospitalized for more than 48 hours in ICUs pre-

sented at least one HAI in 2021(5). The World Health Organ-

ization’s 2024 global report reinforced that prevention and 

control practice implementation remains uneven across 

countries and that integrated surveillance systems are essen-

tial to reduce variability and guide interventions(2). Within 

this context, the predominance of Gram-negative bacilli ob-
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served in Brazil is consistent with other critical international 

scenarios and supports the adoption of prevention bundles 

and integrated surveillance, emphasizing local and regional 

adaptation rather than uniform approaches(2,5,14). 

In light of this spatial landscape, practical implica-

tions should be adapted to each region’s microbiological pro-

file. In areas with a higher burden of Gram-negative bacilli, 

priority measures include reducing central venous catheter 

(CVC) days through daily reassessment, maintaining active 

insertion and maintenance audits, and ensuring rigorous dis-

infection of connections and hubs. Where Gram-positive 

bacteria predominate, emphasis should be placed on cutane-

ous antisepsis with alcohol-based chlorhexidine, aseptic 

technique, and dressing integrity. In contexts with greater 

frequency of non-albicans Candida, risk assessment intensi-

fication, early catheter removal when indicated, and species-

level identification are recommended. Consistent use of pre-

vention bundles, audit and feedback cycles, and integrated 

surveillance enhances response capacity and enables early 

detection of microbiological pattern changes(2,7). 

The rise in microorganism incidence in 2021 may be 

attributed to the consequences of the COVID-19 pandemic 

within healthcare services, particularly ICUs. During this pe-

riod, studies reported increased HAI rates linked to hospital 

system overload, shortage of skilled professionals, work-

force turnover, and intensified use of invasive devices such 

as CVCs(8,10). Furthermore, prolonged prone positioning, 

limited in-person training, and increased clinical severity 

among patients may have undermined adherence to preven-

tive practices, contributing to PBSI occurrence(15). 

The high incidence of Klebsiella pneumoniae and 

Acinetobacter spp. observed in various Brazilian regions 

raises concerns about the progression of antimicrobial re-

sistance, particularly in ICU settings. These microorganisms 

are widely recognized for their multidrug-resistant potential, 

which limits therapeutic options, worsens clinical prognosis, 

and increases hospital costs. Recent reviews highlight the as-

sociation between inappropriate antimicrobial use and the 

emergence of resistant strains, reinforcing the need for con-

tinuous microbiological monitoring, implementation of ra-

tional antibiotic use protocols, and active surveillance of bac-

terial sensitivity profiles(15-16). 

The prevention of PBSI in ICUs depends directly on 

nursing performance, as this team provides continuous care 

to critically ill patients and routinely handles invasive de-

vices such as CVCs. Evidence shows that the systematic im-

plementation of insertion and maintenance bundles consist-

ently reduces PBSI. In the national context, nursing adher-

ence to institutional protocols, combined with ongoing edu-

cation, is associated with reduced infectious complica-

tions(7,17). 

Continuing education in health is a crucial component 

in addressing HAIs, particularly in ICUs, where clinical 

complexity demands strict technical skills and continuous 

professional updating. Periodic educational initiatives 

aligned with institutional patient safety guidelines contribute 

significantly to adherence to effective PBSI prevention prac-

tices. Additionally, fostering a culture of safety promotes ef-

fective team communication, early risk identification, and 

strengthened collaborative work(17-19). 

Beyond continuing education, integration between in-

formation systems is vital to improve HAI surveillance qual-

ity. Cross-matching institutional data sources, such as AN-

VISA bulletins, with IBGE population information and hos-

pital records allows more accurate monitoring of epidemio-

logical trends, supports clinical decision-making, and guides 

control policies. International evidence indicates that system 

interoperability is among the most effective strategies for 

strengthening public health surveillance, promoting coordi-

nated responses, and optimizing resources in multicenter 

healthcare systems(8,20). 

This study presents limitations inherent to the use of 

publicly available secondary data, which may contain incon-

sistencies or underreporting, as well as potential absence of 

detailed clinical information. In addition, the pandemic con-

text may have altered case composition, resource availabil-

ity, care processes, and reporting practices, introducing pos-

sible measurement biases and limiting comparability be-

tween years. Finally, the analysis restricted to 2019–2022 

prevents assessment of the impact of recent prevention and 

control measures for PBSI. 

 Despite these limitations, the findings provide valu-

able insight into the regional distribution of microorganisms 

causing PBSI and highlight the need for future studies ex-

ploring the relationships among antimicrobial resistance, 

care workload, and the effectiveness of educational and sur-

veillance interventions within Brazilian ICUs. 

 

CONCLUSION 

 

This study presented a detailed analysis of the micro-

biological profile distribution of microorganisms responsible 

for PBSI in ICUs across the five Brazilian regions during 

2019–2022. Among Gram-negative bacteria, Klebsiella 

pneumoniae showed the highest incidence. Regionally, 

Gram-negative rates were higher in the Central-West and 

Southeast, whereas Gram-positives predominated in the 

South. A significant overall increase in microorganism inci-

dence was observed in 2021, followed by a reduction in 

2022. 

The study results provide important guidance for 

nursing within the Unified Health System (SUS), particu-

larly regarding the improvement of care practices, decision-

making, and professional development. Recommended ac-

tions include daily reassessment of CVC necessity and early 

removal when indicated; implementation and monitoring of 

standardized insertion and maintenance bundles with active 

audits and feedback cycles; continuing education aligned 

with local profiles; rational antimicrobial use programs 

guided by the most frequent regional microorganisms; and 

integrated surveillance (interoperability among hospital da-

tabases, ANVISA, and population information) for early de-

tection of changes and regional prioritization of resources. 

These actions are feasible within SUS and tend to reduce 

PBSI rates while optimizing resource utilization in Brazilian 

ICUs. 
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