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ABSTRACT
Objective: to analyze primary bloodstream infections associated with central venous catheter in neonates admitted to intensive care units. Method: ecological study, conducted in 2017, from reports of primary bloodstream infections associated with central venous catheter, which occurred in the capital of a state in the Midwest region of Brazil. Data were collected using a form from two databases, municipal (2012 to 2016) and national (2014 to 2016). Results: the temporal trend of the infection incidence density was decreasing (p=0.019), with a central venous catheter use rate of 45%. The most frequent pathogens were Klebsiella pneumoniae, Coagulase-negative staphylococci, and Enterobacter spp. Increased resistance to cephalosporins and oxacillin occurred for Gram-negative and Gram-positive bacteria, respectively. Conclusion: There was a reduction in the rate of catheter-associated primary bloodstream infection in neonates in the period evaluated, and the infectious episodes were predominantly caused by Gram-negative bacteria, including antimicrobial multi-resistant isolates. These findings point to the importance and need for educational strategies for the multiprofessional team on infection surveillance, preventive measures, and rational use of antimicrobials.
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INTRODUCTION
[image: image1.jpg]Infections occurring in the neonatal period (≤ 28 days after birth) constitute one of the main adverse events in Newborns (NBs), especially in those in Neonatal Intensive Care Units (NICUs)(1). On top of the immaturity of the immune system, these patients often require invasive procedures, such as urinary catheter, gastroenteral catheter, and Central Venous Catheter (CVC). These procedures offer a risk for the development of infection, particularly, Primary Bloodstream Infection (PBSI) associated with CVC(2). The rate of this type of infection in NICU Newborns can range from approximately 3 to 22 per 1,000 CVC-day(3) and is a major cause of mortality in this population in low- to middle-income countries than in high-income countries(4). 

The literature points out that low birth weight, prematurity, and longer catheter exposure are considered risk factors for the occurrence of PBSI associated with CVC use. Other factors related to catheter use such as: limitation in the use of sterile barriers during catheter insertion, the place of choice for catheter insertion, hub contamination, the exchange through a guidewire, and unqualified and unprepared professionals contribute to the increased incidence of this type of infection(5).

Brazil has a high incidence rate for PBSI associated with CVC in NICUs. The Informative Bulletin of the National Health Surveillance Agency (Anvisa) describes that, in 2016, the incidence density of PBSI associated with CVC in NICUs ranged from 6.9 to 9.9, with the highest rate in the >750g weight category. In addition, it evidenced a reduction in the incidence rate in the year 2016 compared to 2015 data, for the following weight categories: 750g to 999g; 1500g to 2499g. However, the other weight categories showed an increase in the incidence density of laboratory-confirmed primary bloodstream infections, with the largest increase in the >750g weight category of 35.1% in the 90th percentile(6).

The growing phenomenon of antimicrobial resistance is another major problem arising from Health Care Associated Infections (HAIs), especially those caused by infectious agents of the ESKAPE group (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and species of Enterobacter), so named because of their ability to "escape" the action of the antimicrobials commonly used in the treatment of the infections they cause(7). Coagulase-negative Staphylococci (CoNS) are also important pathogens in the context of CVC-associated PBSI, usually involving S. epidermidis(8).

The epidemiological and microbiological analysis of PBSI associated with CVC is relevant because of the negative consequences of this type of infection for NBs, which may culminate in patient death. It is noteworthy that NBs are at high risk for this type of injury, mainly due to the immaturity of their immune system. This type of infection also harms the health services, especially, the economy. On the other hand, knowledge of epidemiological evidence is beneficial to guide the appropriate empirical treatment and strategies for infection prevention and control. Therefore, the question is: what is the scenario of CVC-associated PBSI in NICUs in the capital of a state in the Midwest region of Brazil regarding the temporal trend, incidence, the rate of CVC use and the etiological agents? This study aimed to analyze primary bloodstream infections associated with central venous catheter in neonates admitted to intensive care units.

METHOD

Ecological study that followed the STROBE guidance; was conducted in 2017 based on notifications of PBSI associated with CVC from 11 NICUs, located in the capital of a state in the Midwest region of Brazil. Two databases were searched for data collection: the database of the Coordenação Municipal de Segurança do Paciente e Controle de Infecção em Serviços de Saúde (COMCISS) [Municipal Coordination of Patient Safety and Infection Control in Health Services], in the period from 2012 to 2016 and FormSUS, from the Informatics Department of the Unified Health System (DATASUS), in the period from 2014 to 2016. Data on microorganisms identification and their resistance patterns were not available between 2012 and 2013, so only laboratory-confirmed infections from 2014 onwards were included in further analyses performed. Of the hospitals that reported infections, three were public and eight were private. 

Data were collected using a form, and all notifications of CVC-associated PBSI in NICUs involving patients ≤ 28 days old were included in the study to analyze the temporal trend of infections. Laboratory-confirmed infections were included in further analyses. Repeated, incomplete, or inconsistent notifications before and after linkage in both databases were excluded. Information from files with PBSI registry, but without a record of patient diagnosed with PBSI or files with PBSI notifications without the identification of the microorganism were considered inconsistent. In the excluded forms, errors were found in the numerator or denominator data of the indicator (Incidence Density - ID of PBSI and CVC utilization rate). Some excluded forms recorded laboratory PBSI, but did not include the microorganism. Others had the microorganism, but no associated PBSI, thus were also excluded.

The following variables were analyzed: type of hospital, number of beds, year, number of CVC-associated PBSI, CVC-day, patients-day, type of microorganism and antimicrobial susceptibility profile. Cases of CVC-associated PBSI were defined as: bloodstream infection in patients who used CVC for more than 48 hours, were using CVC on the date of infection or had it removed the previous day. The dependent variable was: Laboratory primary bloodstream infection. The independent variables involve the NICU profile: type of hospital, number of beds, health unit, presented in years, as well as the rate of CVC use and the data from positive blood culture results, such as the type of microorganism and resistance profile.

The infection incidence rate and CVC utilization rate were calculated according to the recommendations of the Brazilian Ministry of Health(9).

Data were stratified according to birth weight range: less than 750g; from 750g to 999g; from 1000g to 1499g; from 1500g to 2499g; and greater than 2500g, and analyzed using SPSS 17.0 software. The incidence rate of PBSI associated with CVC and CVC-day was calculated with 95% confidence interval, and associations with p value < 0.05 were considered statistically significant. Prais Winsten's linear regression model was applied to analyze the time trend and predictors of CVC-associated bloodstream infection. 
Logarithmic transformation of the incidence rate of PBSI associated with CVC was performed to reduce variance heterogeneity in the regression analysis by the statistical program Stata 14.0. Poisson regression model with robust variance was constructed to determine the predictors of the incidence rate of PBSI associated with CVC. The model adjusted to the variables: year, number of NICU beds, type of hospital, institution with teaching activity. 

As per ethical aspects, the study was duly submitted, reviewed, and approved by a research ethics committee (approval protocol: 1.269.485; CAAE: 48765815.0.0000.5078). 

RESULTS

Data from 519 NICUs HAIs notifications were analyzed, and 504 were included. The 15 excluded notifications were inconsistent, repeats, or incomplete. Of these, 421 were blood-culture, laboratory-confirmed PBSIs, associated with CVC. Most infections (72.7%) occurred in private hospitals. The time trend of the incidence density of CVC-associated PBSI was decreasing (p=0.019) and was seen in the following categories by birth weight: <750g (p<0.001), 750-999g (p=0.021), and >2500g (p=0.001) (Table 1).

Table 1. Trend of incidence density of primary bloodstream infection associated with central venous catheter in neonatal intensive care units of the capital of a state in the Midwest region of Brazil, 2012-2016.
	Type of NICU
	Β*
	t†
	p-value
	Trend

	Neonatal
	-0.009
	-2.41
	0.019
	Downward

	 < 750
	-0.027
	-4.49
	< 0.001
	Downward

	750-999
	-0.015
	-2.39
	0.021
	Downward

	1000-1499
	-0.005
	-1.18
	0.242
	Stationary

	1500-2499
	-0.010
	-1.92
	0.062
	Stationary

	> 2500
	-0.023
	-3.49
	0.001
	Downward


*β: Regression coefficient.

†t: t-statistic.

It was observed that in the 50th percentile (median), the incidence density ranged from 1.43 to 10.0 infections per 1,000 CVC-day. The NICU CVC utilization rate was 45%, with birth weight categories 750-999g (62.67%) and <750g (59.20%) having the highest utilization rates (Table 2). 

Table 2. Central venous catheter utilization rate and percentile of the distribution of primary bloodstream infection associated with central venous catheter of neonatal intensive care units of the capital of a state in the Midwest region of Brazil, 2012-2016.

	Type of NICU*
	No. patients-day
	No. LPBSI†
	No. CVC‡-day
	CVC Rate‡
	ID LPBSI†
	95%CI
	Percentile

	
	
	
	
	
	
	
	10%
	25%
	50%
	75%
	90%

	Neonatal
	110651
	421
	49786
	44.99
	8.45
	7.68-9.29
	0.48
	4.22
	9.09
	13.15
	21.33

	By weight at birth
	
	
	
	
	
	
	
	
	
	
	

	< 750g
	7013
	33
	4152
	59.20
	7.94
	5.66-11.14
	0
	0
	1.43
	15.21
	28.23

	750-999g
	11415
	51
	7154
	62.67
	7.12
	5.42-9.36
	0
	0
	6.84
	22.26
	30.00

	1000-1499g
	29958
	107
	13501
	45.06
	7.92
	6.56-9.56
	0
	2.61
	8.77
	11.21
	15.78

	1500-2499g
	38164
	142
	14395
	37.71
	9.86
	8.37-11.61
	0
	2.70
	10.0
	15.21
	29.91

	2500g
	24101
	88
	10584
	43.91
	8.31
	6.75-10.23
	0
	2.85
	6.80
	11.83
	18.29


*Intensive Care Unit

†Laboratory-confirmed primary bloodstream infection.
‡Central venous catheter.
§Incidence Density.
Incidence density was found to be highest in private hospitals in weights from 1000‑1499g (RTaj: 3.13; 95% CI: 1.50-6.51; p=0.002), from 1500-2499g (RTaj: 5.15; 95% CI: 1.82-14.62; p=0.002), and >2500g (RTaj: 2.88; 95% CI: 1.11-7.50; p=0.030). The laboratory-confirmed incidence density rate of CVC-associated PBSI was also higher in private than in public hospitals (RTaj: 3.09; 95% CI: 1.37-7.02; p=0.007) (Table 3).
Table 3. Predictors of the incidence density of primary bloodstream infection associated with central venous catheter in neonatal intensive care units of the capital of a state in the Midwest region of Brazil, 2012-2016.
	Variables
	Rate (95% CI)
	RTaj*†
	95% CI‡
	p-value

	Weight < 750
	
	
	
	

	Hospital Type
	
	
	
	

	Public
	11.27 (1.69-20.85)
	1.00
	
	

	Private
	5.46 (0.25-10.66)
	3.40
	0.71-16.18
	0.124

	Teaching Activity
	
	
	
	

	No
	5.46 (0.25-10.66)
	§
	
	

	Yes
	11.27 (1.69-20.85)
	
	
	

	Number of beds
	
	
	
	

	III
	7.25 (2.21-12.28)
	1.00
	
	

	IV
	9.04 (-10.83-28.92)
	0.29
	0.04-1.88
	0.195

	Year
	
	
	
	

	2014
	8.08 (-1.07-17.25)
	1.00
	
	

	2015
	9.90 (-0.88-20.69)
	1.80
	0.33-9.70
	0.493

	2016
	4.76 (-2.79-12.31)
	1.25
	0.17-8.83
	0.821

	Weight 750-999
	
	
	
	

	Hospital Type
	
	
	
	

	Public
	7.80 (1.11-14.48)
	1.00
	
	

	Private
	14.35 (7.18-21.53)
	2.18 
	0.71-6.67
	0.172

	Teaching Activity
	
	
	
	

	No
	14.35 (7.18-21.53)
	§
	
	

	Yes
	7.80 (1.11-14.48)
	
	
	

	Number of beds
	
	
	
	

	III
	10.68 (5.74-15.61)
	1.00
	
	

	IV
	18.61 (-3.29-40.51)
	1.57 
	0.40-6.16
	0.517

	Year
	
	
	
	

	2014
	18.06 (4.71-32.41)
	1.00
	
	

	2015
	8.15 (0.99-15.30)
	0.33
	0.10-10.08
	0.068

	2016
	10.33 (2.83-17.84)
	0.39
	0.10-1.45
	0.164


To be continued...

	Weight 1000-1499
	
	
	
	

	Hospital Type
	
	
	
	

	Public
	4.34 (1.40-7.28)
	1.00
	
	

	Private
	10.74 (6.07-15.41)
	3.13
	1.50-6.51
	0.002

	Teaching Activity
	
	
	
	

	No
	10.74 (6.07-15.41)
	§
	
	

	Yes
	4.34 (1.40-7.28)
	
	
	

	Number of beds
	
	
	
	

	III
	6.75 (4.31-9.18)
	1.00
	
	

	IV
	16.44 (0.77-32.11)
	2.24
	0.63-7.91
	0.209

	Year
	
	
	
	

	2014
	9.30 (-0.65-10.27)
	1.00
	
	

	2015
	8.99 (5.59-12.39)
	0.78
	0.21-2.88
	0.717

	2016
	7.98 (3.53-12.44)
	0.70
	0.19-2.66
	0.611

	Weight 1500-2499
	
	
	
	

	Hospital Type
	
	
	
	

	Public
	4.59 (1.39-7.79)
	1.00
	
	

	Private
	20.10 (3.10-37.09)
	5.15 
	1.82-14.62
	0.002

	Teaching Activity
	
	
	
	

	No
	20.10 (3.10-37.09)
	§
	
	

	Yes
	4.59 (1.39-7.79)
	
	
	

	Number of beds
	
	
	
	

	III
	8.79 (4.78-12.79)
	1.00
	
	

	IV
	40.20 (-26.33-106.73)
	3.99
	0.59-27.00
	0.156

	Year
	
	
	
	

	2014
	25.58 (-11.51; 62.69)
	1.00
	
	

	2015
	9.98 (3.99-15.66)
	0.32
	0.05-2.10
	0.238

	2016
	9.90 (5.24-14.56)
	0.30
	0.05-2.03
	0.221

	Weight > 2500
	
	
	
	

	Hospital Type
	
	
	
	

	Public
	4.92 (2.53-7.31)
	1.00
	
	

	Private
	15.89 (1.10-30.68)
	2.88
	1.11-7.50
	0.030

	Teaching Activity
	
	
	
	

	No
	15.89 (1.10-30.68)
	§
	
	

	Yes
	4.92 (2.53-7.31)
	
	
	

	Number of beds
	
	
	
	

	III
	6.69 (4.20-9.19)
	1.00
	
	

	IV
	34.70 (-23.42-92.82)
	5.70
	0.78-41.68
	0.086

	Year
	
	
	
	

	2014
	20.17 (-11.79-52.14)
	1.00
	
	

	2015
	9.39 (3.09-15.70)
	0.28
	0.03-2.52
	0.258

	2016
	7.58 (2.98-12.20)
	0.29
	0.04-2.00
	0.208

	Neonatal - Total
	
	
	
	

	Hospital Type
	
	
	
	

	Public
	5.76 (2.39-9.14)
	1.00
	
	

	Private
	14.79 (5.24-24.33)
	3.09
	1.37-7.02
	0.007

	Teaching Activity
	
	
	
	

	No
	14.79 (5.24-24.33)
	§
	
	

	Yes
	5.76 (2.39-9.14)
	
	
	

	Number of beds
	
	
	
	

	III
	8.27 (5.62; 10.92)
	1.00
	
	

	IV
	26.23 (-10.72; 63.20)
	3.20
	0.62-16.34
	0.161

	Year
	
	
	
	

	2014
	17.35 (-3.42; 38.13)
	1.00
	
	

	2015
	9.36 (4.87-13.84)
	0.41
	0.08-2.07
	0.286

	2016
	8.99 (5.17-12.81)
	0.42
	0.09-1.98
	0.276


*RTaj: Adjusted Rate Ratio. 

†Models adjusted by hospital type, number of beds, and year.

‡95% CI: 95% Confidence Interval.

§Removed from the model by collinearity with hospital type.
K. pneumoniae, coagulase-negative Staphylococci (CoNS), and Enterobacter spp. were the predominant microorganisms (Table 4). 

Table 4. Distribution of microorganisms reported as etiological agents of primary bloodstream infection associated with central venous catheter in neonatal intensive care units in the capital of a state in the Midwest region of Brazil, 2014-2016.

	Microorganism
	AF* in 2014
	RF† %
	AF* in 2015
	RF†
%
	AF* in 2016

Year 2016
	RF†
%

	Gram-negative

	Acinetobacter spp
	4
	2.7
	1
	0.7
	0
	0

	Enterobacter spp
	21
	14.4
	23
	16
	14
	10.4

	Escheriachia coli
	7
	4.8
	3
	2.1
	16
	11.9

	Klebsiella pneumoniae
	35
	24
	65
	45.1
	48
	35.5

	Serratia spp
	4
	2.7
	3
	2.1
	2
	1.5

	Other enterobacteria (proteus,morganella,cyrobacter)
	0
	0
	1
	0.7
	2
	1.5

	Pseudomonas aeruginosa 
	13
	9
	6
	4.1
	15
	11.1

	Others
	-
	-
	-
	
	4
	3

	Gram-negative (total)
	84
	57.6
	102
	70.8
	101
	74.9

	Gram-positive

	Staphylococcus aureus
	7
	4.8
	7
	4.9
	6
	4.4

	Negative-coagulase Staphylococcus 
	44
	30.1
	22
	15.3
	19
	14.1

	Enterococcus spp‡
	6
	4.1
	6
	4.1
	5
	3.7

	Others
	-
	
	-
	
	3
	2.2

	Gram-positive (total)
	57
	39
	35
	24.3
	33
	24.4

	Fungus

	Candida spp.§
	5
	3.4
	7
	4.9
	1
	0.7

	Total
	146
	100
	144
	100
	135
	100


*AF – Absolute Frequency.

†RF – Relative Frequency.

‡Enterococcus spp.: 4 (in 2014), 2 (in 2015), 0 (in 2016), and E. faecalis: 2 (in 2014), 4 (in 2015), 5 (in 2016), and 5 (in 2016).

§Candida albicans: 3 (in 2014), 5 (in 2015), 1 (in 2016), and non-albicans Candida: 2 (in 2014), 2 (in 2015), 0 (in 2016)
Regarding the profile of bacteria resistance to antimicrobials, table 5 presents the distribution of the profile of bacterial etiological agents of CVC-associated PBSI. 

Table 5. Distribution of the antimicrobial resistance profile of bacteria reported as etiological agents of primary bloodstream infection associated with central venous catheter in neonatal intensive care units of the capital of a state in the Midwest region of Brazil, 2014-2016.

	Bacteria, antimicrobial
	Resistance to ATB* in 2014, %
	Resistance to ATB* in
2015, %
	Resistance to ATB* in 2016, %

	Gram-negative

	Enterobacter spp., 4th cef† and carb‡
	4.7
	21.7
	14.3

	Enterobacter spp., 4th cef†
	33.3
	34.8
	57.1

	Escherichia coli, 3rd and/or 4th cef†
	0
	33.3
	50

	Klebsiella pneumoniae, 3rd and/or 4th cef e carb‡
	48.6
	23
	2.1

	K. pneumoniae, 3rd and/or 4th cef†
	22.8
	49.2
	58.3

	Pseudomonas aeruginosa, carb‡
	61.5
	50
	53.3

	Gram-positive

	Negative-coagulase Staphylococcus, oxa§
	90.9
	81.1
	84.2

	Staphylococcus aureus, oxa§
	28.5
	71.4
	66.6


*ATB – antimicrobial.

†Cef: Cephalosporin (ceftriaxone and/or cefotaxime and/or cefepime).

‡Carb: carbapenens (imipenem and/or meropenem).

§Oxa: oxacillin.
There was an increase in the profile of bacterial resistance to antimicrobials, with Enterobacter spp. showing greater resistance to cephalosporins (3rd and 4th generations), followed by K. pneumoniae. Among the Gram-positive cocci, S. aureus showed increased resistance to oxacillin (Table 5).

DISCUSSION
In this study, the temporal trend of CVC-associated PBSI incidence density was decreasing predominantly in lower birth weight categories. A similar result was evidenced in Australia(10), in NICUs between 2008 to 2016, where a decrease in PBSI was found in neonates with birth weight between 751 and 1000g (p=0.015).

The overall (8.45) and birth weight category (7.12 to 9.86) incidence densities of this type of infection per 1,000 CVC-day was lower when compared to the International Nosocomial Infection Control Consortium (INICC) data, which found an overall rate of 12.7 per 1,000 catheter-day and 7.7 to 18.3 per 1,000 catheter-day(1) by weight category (<750g - 2,500g). Regarding the assessment made of IPCS cases in NICUs in Brazil, an overall incidence density of 7.84 to 7.85 was found in 2015 and 2019(11). However, the overall IPCS incidence density (8.45 per 1000 catheter-day) found was higher than in other studies conducted in high-income countries, for example Australia (2.20 per 1000 catheter-day)(10) and Brazil (7.55 per 1,000 CVC-day)(11). It is worth noting that the successful reduction of the PBSI rate associated with CVC in developed countries is due to the effectiveness of surveillance and infection control programs(5).

The rate of CVC use in NICUs was 45%, higher than the rate shown in previous studies (16%)(8) and (29%)(1), especially in lower birth weight categories born between <750-999g. This fact may be related to the severity and fragility of NBs in these weight categories(12) that require invasive device support to survive. Other aspects are the risk factors that are inherent to neonates such as: low birth weight, preterm newborns, and the length of CVC use. However, there are few studies in the national databases focused on the neonatal population(5).

It is known that reducing the rate of CVC use can result in a decrease in the incidence of PBSI in NICUs, as evidenced in the Canadian study that found a reduction from 8.25 to 6.44 per 1000 catheter-day from 2010 to 2016(13). The length of CVC use in neonates reported safe for reducing the risk of bloodstream infection is 14(5) to 25 days added to the use of Peripherally Inserted Central Catheter (PICC), this catheter being the first choice for neonates(14).

The incidence density rate of PBSI associated with CVC was higher in private hospitals (72.7%). The literature has shown a higher rate of these infections in intensive care units, in private healthcare facilities(15), which ratifies with the investigation made in the present study, when it points out the gap on the need for future research to verify the weaknesses of these hospitals, with regard to measures for prevention and control of HAIs and compliance with legislation in Brazil(15). 
Knowing the microorganisms that cause infection and their antimicrobial sensitivity profile is relevant information for the treatment and control of HAIs(1), because once identified in a timely manner, the chances of saving the neonate increase fourfold(16). In the present study, there was a decrease in isolation of CoNS in the studied period, while for Gram-negative rods an increase was identified. 

K. pneumoniae, Enterobacter spp., and Escheriachia coli showed increased resistance to broad spectrum cephalosporins. Among Gram-positive bacteria, there was a predominance of oxacillin resistance, with S. aureus showing an increased trend toward resistance to this antimicrobial. These findings highlight the relevance of the rational use of antimicrobials. 

S. aureus is part of the skin microbiota and has the ability to form biofilm in CVC, which emphasizes the need for adherence to preventive measures for PBSI, such as hand washing and skin preparation(14,17). It is a fact that hand washing is the simplest and least costly measure for the prevention of PBSI, given the complexity of health care for neonates, and it is essential to encourage adherence to this measure and the implementation of bundles(18,19). 

As for the Gram-negative rods that cause PBSI, they may originate from the intestinal microbiota; however, most of the time, the source of the infectious agent is undetectable(4). In this sense, it is worth noting that antimicrobial-resistant Gram-negative rods are isolated from surfaces frequently touched by health professionals at NICUs in institutions in the North and Midwest regions of Brazil, and biofilms have been detected at these sites(20). 

It is noteworthy that knowledge of the profile of this infection in each region contributes to the development of strategies and improvements and aims to reduce CVC-associated PBSI. Such knowledge guides ICU managers and raises awareness about the importance of preventive measures, surveillance, and control. 

As for the preventive measures for CVC-related PBSI, the bundles (package or set of measures) stand out. Among the preventive measures to be implemented during the insertion of a CVC and that present strong scientific evidence are: hand hygiene, the use of maximal sterile barrier, skin antisepsis with 0.2% chlorhexidine, the use of an insertion kit, and trained, qualified, and exclusive staff(21). 

However, there should be caution when using chlorhexidine, especially the alcoholic solution, due to the risk of skin lesion, especially in extreme premature infants(21). The existence of a variety of strategies both in the insertion and maintenance of the CVC highlights the need for knowledge and early assessment of the site or unit of implantation, to develop a personalized strategy according to the characteristics and needs of the institution(19,21).

Patient safety at the NICU, which includes the prevention and control of HAIs, requires several primary measures, among them the need for cultural changes regarding patient safety and training of professionals, the inclusion of the family in care and humanized care(22).

This study has limitations inherent to the use of secondary and retrospective data, thus, some of the variables could not be controlled since they were established by the health services investigated at a time prior to the study, such as diagnostic criteria, performance or not of regular infection surveillance, database inconsistencies, unfilled fields and incomplete information. 

CONCLUSION
There was both a maintenance and reduction in the rate of PBSI associated with CVC in neonates in the period evaluated, and the infectious episodes were predominantly caused by Gram-negative bacteria, including antimicrobial multidrug-resistant isolates. The findings point to the need to implement educational strategies for the NICU multiprofessional teams, based on scientific evidence that addresses adherence to recommendations for prevention of infection related to the use of CVC, infection surveillance, and rational use of antimicrobials, in order to minimize the negative consequences of PBSIs associated with CVC, for NBs, families, and for health services.
INFECÇÃO PRIMÁRIA DA CORRENTE SANGUÍNEA ASSOCIADA AO CATETER VENOSO CENTRAL EM NEONATOS
RESUMO
Objetivo: analisar a infecção primária da corrente sanguínea associada ao cateter venoso central em neonatos internados em unidades de terapia intensiva. Método: tratou-se de um estudo ecológico realizado em 2017 a partir de notificações de infecção primária da corrente sanguínea associada ao cateter venoso central ocorridas na capital de um estado da região Centro-Oeste do Brasil. Os dados foram coletados por meio de um formulário a partir de dois bancos de dados, municipal (2012 a 2016) e nacional (2014 a 2016). Resultados: a tendência temporal da densidade de incidência de infecção foi decrescente (p=0,019), com taxa de utilização de cateter venoso central de 45%. Os patógenos mais frequentes foram Klebsiella pneumoniae, Staphylococcus coagulase negativo e Enterobacter spp. Aumento de resistência às cefalosporinas e à oxacilina ocorreu para bactérias Gram-negativo e Gram-positivo, respectivamente. Conclusão: Conclui-se que houve uma redução na taxa de IPCS associada ao cateter em neonatos no período avaliado e os episódios infecciosos foram predominantemente causados por bactérias Gram-negativo, incluindo isolados multirresistentes aos antimicrobianos. Esses achados apontam para a importância e necessidade de estratégias educacionais para a equipe multiprofissional sobre vigilância de infecção, medidas preventivas e uso racional de antimicrobianos.

Palavras-chave: Infecções relacionadas ao cateter. Unidade de terapia intensiva. Resistência microbiana a medicamentos. Recém-nascido.
INFECCIÓN PRIMARIA DEL TORRENTE SANGUÍNEO ASOCIADA AL CATÉTER VENOSO CENTRAL EN NEONATOS
RESUMEN
Objetivo: analizar la infección primaria del torrente sanguíneo asociada al catéter venoso central en neonatos ingresados en unidades de cuidados intensivos. Método: se trató de un estudio ecológico, realizado en 2017, a partir de notificaciones de infección primaria del torrente sanguíneo asociada al catéter venoso central, ocurridas en la capital de un estado de la región Centro-Oeste de Brasil. Los datos fueron recogidos por medio de un formulario de dos bases de datos, municipal (2012 a 2016) y nacional (2014 a 2016). Resultados: la tendencia temporal de la densidad de incidencia de infección fue decreciente (p=0,019), con tasa de utilización de catéter venoso central del 45%. Los patógenos más frecuentes fueron Klebsiella pneumoniae, Staphylococcus coagulase negativa y Enterobacter spp. Aumento de resistencia a las cefalosporinas y a la oxacilina ocurrió para bacterias Gramnegativas y Grampositivas, respectivamente. Conclusión: hubo una reducción en la tasa de infección primaria del torrente sanguíneo asociada al catéter en neonatos en el período evaluado, y los episodios infecciosos fueron predominantemente causados por bacterias gramnegativas, incluyendo aislados multirresistentes a los antimicrobianos. Estos hallazgos señalan la importancia y necesidad de estrategias educativas para el equipo multiprofesional sobre vigilancia de infecciones, medidas preventivas y uso racional de antimicrobianos.
Palabras clave: Infecciones relacionadas con catéteres. Unidades de cuidados intensivos. Farmacorresistencia microbiana. Recién nacido.
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