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Infath, newborn; Objective: To evaluate risk factors and lethality of late onset laboratory-confirmed
Sepsis; bloodstream infection (LCBI) in a Brazilian neonatal unit for progressive care (NUPC).
Surveillance; Methods: This was a case-control study, performed from 2008 to 2012. Cases were
Infection control defined as all newborns with late onset LCBI, excluding patients with isolated common

skin contaminants. Controls were newborns who showed no evidence of late onset LCBI,
matched by weight and time of permanence in the NUPC. Variables were obtained in the
Hospital Infection Control Committee (HICC) database. Analysis was performed using the
Statistical Package for the Social Sciences (SPSS). The chi-squared test was used, and
statistical significance was defined as p < 0.05, followed by multivariate analysis.
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Introduction

Results: 50 patients with late onset LCBI were matched with 100 patients without
late onset LCBI. In the group of patients with late onset LCBI, a significant higher
proportion of patients who underwent surgical procedures (p = 0.001) and who used
central venous catheter (CVC) (p = 0.012) and mechanical ventilation (p = 0.001) was
identified. In multivariate analysis, previous surgery and the use of CVC remained
significantly associated with infection (p = 0.006 and p = 0.047; OR: 4.47 and 8.99,
respectively). Enterobacteriacea was identified in 14 cases, with three (21.4%) deaths,
and Staphylococcus aureus was identified in 20 cases, with three (15%) deaths.
Conclusions: Surgical procedures and CVC usage were significant risk factors for LCBI.
Therefore, prevention practices for safe surgery and CVC insertion and manipulation are
essential to reduce these infections, in addition to training and continuing education to
surgical and assistance teams.
© 2013 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda.
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Fatores de risco e letalidade de infeccdao da corrente sanguinea laboratorialmente
confirmada, causada por patégenos nao contaminantes da pele em recém-nascidos

Resumo
Objetivo: Avaliar os fatores de risco e a letalidade da infeccao da corrente sanguinea
laboratorialmente confirmada (ICSLC) de inicio tardio em uma Unidade Neonatal de
Cuidados Progressivos (UNCP) brasileira.
Métodos: Trata-se de um estudo caso-controle realizado de 2008 a 2012. Os casos foram
definidos como todos os recém-nascidos com ICSLC de inicio tardio, excluindo pacien-
tes isolados com contaminantes da pele comuns. Os controles foram recém-nascidos
que ndo mostraram qualquer evidéncia de ICSLC de inicio tardio, sendo separados por
peso e tempo de permanéncia na UNCP. As variaveis foram obtidas na base de dados da
Comissao de Controle de Infeccdo Hospitalar (CCIH). A analise foi realizada utilizando o
Pacote Estatistico para Ciéncias Sociais. O teste y? foi utilizado e a relevancia estatistica
foi definida como p < 0,05, seguida pela analise multivariada.
Resultados: No estudo, 50 pacientes com ICSLC de inicio tardio foram combinados com
100 pacientes sem ICSLC de inicio tardio. No grupo de pacientes com ICSLC de inicio
tardio, identificamos uma proporcao significativamente maior de pacientes que foram
submetidos a procedimentos cirtrgicos (p = 0,001) e que usaram cateter venoso central
(CVC) (p = 0,012) e ventilacdo mecanica (p = 0,001). Na analise multivariada, cirurgia
prévia e uso de CVC permaneceram significativamente associados a infeccao (p = 0,006
e p =0,047; OU: 4,47 e 8,99, respectivamente). A Enterobacteriacea foi identificada em
14 casos, com trés (21,4%) obitos, e Staphylococcus aureus foi identificado em 20 casos,
com trés (15%) obitos.
Conclusées: Procedimentos cirurgicos e uso de CVC constituiram fatores de risco signi-
ficativos para ICSLC. Portanto, praticas de prevencao para cirurgia segura, insercao e
manipulacao de CVC sao essenciais para reduzir essas infeccdes, além de treinamento e
educacao continua as equipes cirurgicas e de assisténcia.
© 2013 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda.

Este é um artigo Open Access sob a licenga de CC BY-NC-ND

in a private hospital in Sao Paulo (23.8 infections/1,000
patient-days).?

The incidence of neonatal sepsis is highly variable among
different hospitals. Comparison among countries also
reveals wide variation, with incidence densities of 3.6
to 18.1 infections per 1,000 patient-days in the United
States,"? from 6.9 to 7.8 infections per 1,000 patient-days
in Italy,>* from 10.9 to 17.3 infections per 1,000 patient-
days in Turkey,® and 28.6 infections per 1,000 patient-days
in a German center.¢ In Brazil, a multicenter study found 25
infections per 1,000 patient-days,’ similar to data obtained

Neonatal mortality from sepsis is high, reaching 68%
in Brazil from 2000 to 2008,° indicating the necessity of
prioritizing preventive actions for healthcare-associated
infections (HAI) in this age range. HAI in newborns should
be considered a serious event, since sepsis is one of the
main causes of neonatal death and is one of the focus of
epidemiological surveillance.™

Early sepsis is related to prenatal and perinatal assistance,
which depends on joint action with obstetricians and the
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quality of care at the level of primary assistance. During late
sepsis, newborns are generally affected by microorganisms
acquired after delivery by human contact or by indirect
contact with a contaminated environment. Thus, horizontal
transmission plays an important role in late-onset disease,
and preventive interventions to minimize this exposure
should be performed in neonatal units.'®"

Several risk factors are associated with late sepsis,
including birth weight; use of invasive devices such
as a central venous catheter (CVC) and mechanical
ventilation (MV); delay in enteral nutrition; parenteral
nutrition; and complications of prematurity, such as
arterial patent ductus, bronchopulmonary dysplasia, and
necrotizing enterocolitis, which often require surgical
intervention."

High-risk newborns are considered more susceptible to
nosocomial infections such as late-onset sepsis. Underlying
disease, deficient immunity, microbiota in the neonatal
intensive care unit, and the invasive procedures required
for assisting newborns favors nosocomial infections in
these patients. Breaks in the natural barriers of the skin
and intestines allow opportunistic microorganisms to
disseminate into the bloodstream, which occurs mainly in
premature infants due to the immaturity of the immune
system.

The present study aimed to evaluate the risk factors and
lethality of late onset laboratory-confirmed bloodstream
infection (LCBI) in the neonatal unit for progressive care
(NUPC) in a referral hospital.

Methods

The NUPC of the Hospital das Clinicas of the Universidade
Federal de Minas Gerais is a tertiary referral center for the
municipality and state that assists newborns with various
clinical conditions, especially high-risk cases. This case-
control study was performed from January, 2008 to May,
2012.

Case definition

All newborns notified with late onset LCBI according to
criteria of infection for neonatology defined by the National
Agency of Sanitary Surveillance (Agéncia Nacional de
Vigilancia Sanitaria - ANVISA)'® were included, considering
that no other site of infection was evident. All newborns
had clinical symptoms defined by notification criteria and
were treated for sepsis. Due to the nonspecific signs and
symptoms of neonatal sepsis, and considering the possibility
of other diagnoses, only cases of LCBI with recognized
pathogens from blood cultures were included. Only the first
episode of LCBI was included, and patients were included
once.

Infections by common skin contaminant microorganisms
(such as coagulase-negative Staphylococcus spp.) were
excluded because the criteria require isolation of
microorganisms in two blood samples taken from two
different venous punctures and association with clinical
signs or symptoms. ' In the NUPC, blood cultures are always
performed in a newborn with suspicion of bloodstream

infection before antimicrobial therapy, but treatment is
immediately started due to severity of infection in these
patients, which may reduce the sensitivity of further
samples. Besides, two blood culture samples were not
always obtained, because of the technical difficulties in
collecting samples for performing blood cultures in infants.
However, if sepsis was suspected and coagulase-negative
Staphylococcus was isolated in one blood culture, treatment
was instituted by physicians.

Control definition

Controls were newborns in the NUPC who showed no
evidence of late onset LCBI during the study period. Pairing
was performed by weight in a 1:2 (case:control) proportion
and time of hospitalization in the unit, considering up to
seven days of difference.

Blood samples

A total of 1 mL of blood was collected when sepsis was
suspected, and specimens for culture were routinely sent
to the microbiology laboratory. Microorganism isolation
was performed with the automated method (VITEK2),
and susceptibility testing was performed by agar disk
diffusion (Kirby Bauer) to confirm the resistance profile.
The sensitivity profile of microorganisms considered
definitions of the Hospital Infection Control Commission
(HICC), based on Clinical and Laboratory Standards
Institute (CLSI).

Data collection

Data of interest were obtained from the database of the
HICC considering active surveillance and included: total
number of patients in the NUPC, total of notified HAI,
patient-day, density of infection of HAI, and all early
and late onset clinical sepsis and LCBI in the period of
study.

Catheter-associated LCBI included all LCBI that occurred
in patients with CVC or in newborns who had the device
removed within the 48-hour period before the onset of
infection, other sites of infection were excluded.

For the bivariate logistic analysis, the following variables
were considered: gender, surgery, and use of invasive devices
(CVC and MV) before the first episode of LCBI considered
as case, previous notification of early onset sepsis, use of
antimicrobials for less than three days for treatment of
early suspected sepsis, and use of antimicrobials agents for
at least seven days for treatment of early onset sepsis. For
controls, events were considered up to the end of follow
up, considering pairing.

Death was considered associated to infection when the
event occurred during LCBI treatment.

Statistical analysis

The Statistical Package for Social Sciences (SPSS) version
13.0 was used for analysis. The weight range (matching
variable) and isolated microorganisms (case definition
criteria) were considered only in the descriptive analysis.
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In the comparative analysis between groups (case:control),
the chi-squared test was used for categorical variables.
Statistical significance was defined as p < 0.05. Logistic
regression for multivariate analysis was used when the
variables were significant in the univariate analysis with
respect to the response variable LCBI. In the literature,
p values less than 0.10 have been used for variables included
in multivariate analysis; although this is a narrow cutoff
value, it provides a more rigorous analysis. Several similar
studies®'*"> also considered variables with a significance of
p < 0.10 or p < 0.05 for logistic regression.

Ethical considerations

This study is part of the Surveillance and Infection Control in
Neonatology activities defined by HICC, and was approved
by the institutional review board (ETIC 312/08).

Results

During the study period, a total of 1,414 newborns were
admitted in the NUPC, comprising 28,530 patient-days. A
total of 710 episodes of HAI were notified, with a density
of incidence of 24.89 infections/1,000 patient-days. Of
these episodes, 152 (21.4 %) were early onset sepsis and
246 (34.7%) were late onset sepsis, with 140 and 100
episodes of clinical early and clinical late onset sepsis,
respectively. The total number of patients in the NUPC,
patients-days, number of HAI, and density of incidence of
HAI are presented by weight range in Table 1.

Twelve and 146 episodes of early and late onset LCBI
were notified, respectively. Considering late onset
LCBI, coagulase-negative Staphylococci were isolated in
59 (40.4%). A total of 129 (88.4%) were late onset LCBI
catheter-associated infections: 73 (56.59%) with recognized
pathogens and 56 (43.41%) with skin contaminant pa-
thogens.

Fifty patients with first episode of late onset LCBI with
isolation of non-skin contaminant pathogens in blood
cultures were considered as cases, and were matched with
100 controls without late onset LCBI. The distribution of
cases and controls by weight range is shown in Table 1. The
majority of studied patients ranged in weight from 751 g to
2,500 g (74 % of cases and controls).

Comparative analysis showed a greater proportion of
patients who underwent surgical procedures in the group

Table 1
Minas Gerais, from January, 2008 to May, 2012.

of patients with late onset LCBI, corresponding to 15
(30%) cases, compared to eight (8%) controls (p = 0.001).
The odds ratio (OR) revealed a 4.93 higher probability
of surgical procedures in patients with late onset LCBI
(95% confidence interval [CI], 1.92-12.65). Additionally,
a higher proportion of patients who used CVC (p = 0.012)
and MV (p = 0.001) was observed in cases than controls,
with an OR of 10.76 (1.39-83.10) and 3.87 (95% ClI,
1.81-8.27), respectively. Statistical differences were not
observed when other analyzed variables were considered
(Table 2).

In the multivariate analysis (Table 2), three variables
were included: prior surgery, use of CVC, and use of MV.
Previous surgery and the use of CVC remained significantly
associated with infection (p = 0.006 and p = 0.047,
respectively), but the use of MV showed only a tendency to
be associated with infection (p = 0.058). Surgery presented
OR =4.47 (95% Cl, 1.54-12.94) and use of CVC presented OR
=2.21 (95% Cl, 1.03-78.34).

A total of 26 surgeries were performed in 23 patients.
The cases underwent only one procedure each, and 11 of
these procedures were performed among eight controls.
Among the surgical procedures performed in the 15 cases,
seven (46.67%) consisted of digestive tract surgery, and
four of these involved gastroschisis correction. Among the
controls, the majority (n = 7, 63.63%) of procedures were
surgery other than the digestive tract (Table 3).

The proportion of deaths among the cases (n = 6; 12%) did
not differ statistically from the control group (n=9; 9%) () =
0.08, p =0.77). Death occurred in three (21.43%) cases with
late onset LCBI with isolation of Enterobacteriacea, and in
three (15%) cases with isolation of Staphylococcus aureus
(Table 4). Considering the mortality of patients with late
onset LCBI associated to coagulase-negative Staphylococcus
notified during the studied period, only one (1.69%) of the
59 newborns died, but this patient also presented Candida
parapsilosis in the following blood culture. Thus, higher
proportion of death was observed in patients with late
onset LCBI associated to recognized pathogens than to skin
contaminant pathogens.

Discussion
In this study, a higher proportion of patients who underwent

previous surgical procedures was observed among patients
with late onset LCBI. Surgery is not a variable frequently cited

Distribution of newborns according to weight range, neonatal unit for progressive care, HC/Universidade Federal de

Weight range Cases Controls Total of patients Total of HAI Patient-days Incidence density
n (%) n (%) n (%) n (%) (%) of HAI

Up to 750 g 4 (8) 8 (8) 31 (2.19) 55 (7.75) 1,463 (5.13) 37.59

751 to 1,000 g 11 (22) 22 (22) 82 (5.80) 112 (15.77) 4,302 (15.08) 26.03

1,001 to 1,500 g 9 (18) 18 (18) 203 (14.36) 127 (17.89) 5,872 (20.58) 21.63

1,501 to 2,500 g 17 (34) 34 (34) 558 (39.46) 245 (34.51) 9,458 (33.15) 25.90

Higher than 2,500 g 9 (18) 18 (18) 540 (38.19) 171 (24.08) 7,435 (26.06) 23.00

Total 50 (100) 100 (100) 1414 (100) 710 (100) 28,530 (100) 24.89

HAI, healthcare associated infections.
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Table 2 Univariate and multivariate logistic analysis for risk factors for laboratory-confirmed bloodstream infection,
neonatal unit for progressive care, HC/Universidade Federal de Minas Gerais, from January, 2008 to May, 2012.

Laboratory-confirmed Univariate analysis Multivariate analysis
bloodstream infection
Cases Controls OR 95% Cl p OR 95% Cl
n =50 n =100
Gender
Male n (%) 30 (60) 48 (48) 0.225 1.63 0.82-3.24 = = =
Previous surgery
Yes n (%) 15 (30) 8 (8) 0.001 4.93 1.92-12.65 0.006 4.47 1.54-12.94
Previous use of CVC
Yes n (%) 49 (98) 82 (82) 0.012 10.76  1.39-83.10 0.047 8.99 1.03-78.34
Previous use of MV
Yes n (%) 38 (76) 45 (45) 0.001 3.87 1.81-8.27 0.058 2.21 0.97-5.01
Early onset sepsis
Yes n (%) 11 (22) 13 (13) 0.238 1.89 0.78-4.58 - - -
Use of ATM for suspected
early onset sepsis
(< three days)
Yes n (%) 14 (28) 30 (30) 0.949 0.91 0.43-1.92 = = =
Use of ATM for early
onset sepsis
(> seven days)
Yes n (%) 17 (34) 32 (32) 0.951 1.10 0.53-2.25 = = =

95% Cl, 95% confidence interval; ATM, antimicrobial agent; CVC, central venous catheter; MV, mechanical ventilation; OR, odds ratio.

Table 3 Frequency of surgical procedures performed in neonates with late onset LCBI and controls, neonatal unit of
progressive care, HC/Universidade Federal de Minas Gerais, from January, 2008 to May, 2012.

Surgery type Cases Controls Total

n =50 (%) n =100 (%) n (%)
Digestive 7 (14) 4 (4) 11 (42.31)
Cardiovascular 4 (8) 2 (2) 6 (23.08)
Neurological 1(2) 3(3) 4 (15.38)
Genitourinary 1((2) 1(1) 2 (7.69)
Musculoskeletal 1(2) 1(1) 2 (7.69)
Thoracic 1(2) 0 1 (3.85)
Total 15 (30) 11 (11) 26 (100)

in studies that include risk factors for sepsis in neonates.
In a prospective study conducted in a pediatric intensive
care unit in the United States, the incidence of nosocomial
infections in postoperative patients was twice of that in
patients who did not undergo surgical procedures.' Some
authors have reported a higher risk of bloodstream infections
after surgery for neonates than for older children.''”

Among cases undergoing surgery, a high proportion of
procedures involving the digestive tract, which is colonized
by bacteria that are more aggressive in infants who remain
hospitalized in intensive care units from birth, were
observed.® Increased risk of infection should be considered in
preterm infants who have immature gastrointestinal mucosal
barrier, lower levels of IgA, and may who have reduced gastric
acidity." Mokkadas et al.' also described higher frequency
of confirmed sepsis (87.2%) in patients with gastrointestinal
anomalies that demanded surgical interventions.

Astudy in Turkey’ also evaluated cases of laboratory-proven
HAI, and demonstrated that lower birth weight, gestational
age, and APGAR scores, in addition to longer hospitalization
and antibiotic use, were associated with infection.

Regarding other risk factors, a study in Saudi Arabia
reported that prolonged use of devices was the only
independent risk factor for the occurrence of catheter-
associated LCBI. However, that analysis included infections
caused by common skin contaminants. Similarly, a
multicenter study in Italy?® observed that the use of
umbilical arterial and venous catheters and MV for more
than five days increased the risk of sepsis in neonates. That
study also showed that additional risk factors include birth
weight less than 2,500 g, use of a nasogastric tube or total
parenteral nutrition, and transfers from other hospitals. In
a study performed by Aurita et al.,* also in Italy, risk factors
for infection in very low birth weight newborns included
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Table 4 Distribution of microorganisms isolated from
patients with late onset laboratory-confirmed bloodstream
infection and associated deaths, neonatal unit for
progressive care, HC/Universidade Federal de Minas
Gerais, from January, 2008 to May, 2012.

Microorganisms Episodes  Deaths

n n (%)
GNR 21 3 (14.29)
Non-fermenting GNR 7 0
Acinetobacter baumannii 2 0
Burkholderia cepacia 1 0
Flavobacterium meningosepticum 1 0
Pseudomonas aeruginosa 3 0
Enterobacteriaceae 14 3 (21.43)
Enterobacter spp. 6 2 (33.33)
Escherichia coli 1 0
Klebsiella spp. 6 1(16.67)
Serratia marcescens 1 0
Fungi 7 0
Candida albicans 2 0
Candida non-albicans 5 0
Gram-positive cocci 22 3 (13.64)
Enterococcus faecalis 2 0
Staphylococcus aureus 20 3 (15)
Total 50 6 (12)

GNR, gram-negative rod.

gestational age below 28 weeks, a clinical risk index for
infants greater than 4, and the use of continuous positive
airway pressure (CPAP). Among newborns with higher birth
weight, the risk factors were malformations and use of
parenteral nutrition. However, the aforementioned study
included patients with clinical sepsis or with infection by
coagulase-negative Staphylococcus.

In Brazil, few other studies have evaluated risk factors
specifically related to bloodstream infection in neonates.
In a neonatal unit of a private hospital in Sao Paulo,® it was
concluded that premature rupture of membranes, maternal
illness, use of MV and CVC, and more significantly, the use of
parenteral nutrition were risk factors for sepsis, regardless
of laboratory confirmation. The assessment of neonatal
infections that met National Healthcare Safety Network
(NHSN) criteria in a university hospital in Uberlandia®™ also
revealed an association between infection and use of MV,
CVC, and nasogastric tube. In the present study, CVC also
indicated a higher risk for LCBI, even considering only
first episodes of these infections not associated to skin
contaminant pathogens.

In the present study, the outcome variable was restricted
to LCBI caused by pathogenic microorganisms because
this provided higher specificity for defining the infection
criteria. This specificity is not found in most studies in
the international>*>' or national®'>?' literature. Although
coagulase-negative Staphylococcus is the most important
microorganism of sepsis reported in literature,3>7.8152
difficulties were found in fulfilling the infection criteria
associated to this microorganism because two blood culture

samples are necessary to notify LCBI."® This fact limits
comparisons of this study with others, but better enables
targeted actions in the studied location.

Considering the epidemiology of LCBI, several
pathogens can be responsible for neonatal sepsis. Gram-
negative Enterobacteriaceae or non-fermenters (such as
Pseudomonas aeruginosa) and Gram-positive bacteria,
particularly Staphylococcus and Streptococcus spp., are
the main groups mentioned in literature.®' In addition,
approximately 1% of infants in neonatal intensive care units
and 2% to 4.5% of newborns with low birth weight have
septicemia caused by fungi, mainly Candida spp.?

In a ten-year prospective study in a Brazilian neonatal
unit,2" Gram-negative microorganisms (Escherichia coli
and Klebsiella spp.) accounted for 51.6% of cases of LCBI,
Gram-positive microorganisms accounted for 37.4% of cases
(mainly coagulase-negative Staphylococcus spp.), and
Candida spp. was the fourth most isolated microorganism,
which is consistent with the findings of the present study.
Gram-positive cocci and fungi predominate in neonatal
units with greater resources, while Gam-negative enteric
bacilli and fungi are more commonly described in resource-
limited settings.?

A systematic review that included 11,471 blood cultures
of neonates with sepsis in developing countries revealed
that Gram-negative bacteria were isolated in at least 60%
of positive samples.?* A total of 42% of positive samples in
this study had isolated Gram-negative bacteria.

Factors related to Gram-positive agents as causes
of nosocomial infections in newborns are prolonged
hospitalization, use of venous catheterization, parenteral
lipids, skin lesions, and other invasive procedures.
Cross-transmission through hands is another important
dissemination route. S. aureus agents are less frequent
causes of neonatal infections, but exhibit high virulence
due to the susceptibility of this population, with three-
fold higher risk of complications and morbidity, and
a mortality rate reaching 55%,252¢ regardless of the
antimicrobial resistance. In this study, S. aureus was
the most frequent microorganism isolated in LCBI with
recognized pathogens.

Bloodstream infection in neonates is still a major cause
of neonate morbidity and mortality.?” In this study, a high
mortality was observed in neonates with LCBI associated
to Enterobacteriaceae (21.43%) and S. aureus (15%).
The letality rate for LCBI associated to Gram-negative
bacteria in neonates is even higher in the literature (40%
to 90%)." Fungi account for an overall mortality of 25% to
50% in neonatal infections,'®? although death associated
to these microorganisms was not observed in the present
study.

HAI prevention practices should be prioritized in
neonatal units because of the high-risk population.
These practices should include early enteral feeding, use
of breastfeeding, and reduced time of hospitalization
in the intensive care unit, as well as training and
continuing education for the healthcare team.? Given
the importance of surgery as a risk factor for LCBI in the
studied neonatal unit, the relevance of guidelines for safe
surgery should be emphasized. All professionals involved
in the procedure should use antiseptic surgical hand scrub



Risk factors for sepsis in newborns

195

and follow appropriate antisepsis techniques.? In addition,
this study focused on late onset LCBI and 98% of studied
cases used CVC, revealing the importance of appropriate
practices for insertion and manipulation of CVC used for
intravenous fluids, medications, blood products, and
parenteral nutrition. Therefore, professionals should
adopt comprehensive standard procedures for preventing
catheter-associated infections; multidisciplinary
education programs and infection surveillance are
recommended.?:3

The adoption of a surveillance and control of infection
program in the neonatal unit has been described as an
efficient and low-cost program.' These activities are carried
out continuously in the studied NUPC in association with
the HICC, and studies on surgical procedures are priorities
for intervention, along with participation and adherence to
prevention practices by the surgical team.

In conclusion, this study found that a significative
higher proportion of surgery procedures and use of
CVC was observed in patients with late onset LCBI. In
addition, infants who remain hospitalized in the neonatal
unit since birth, including those who require surgical
treatment, undergo a greater number of interventions,
are exposed to invasive devices such as CVC, and
possibly, are colonized by more pathogenic agents.
Therefore, prevention practices are essential to reduce
these infections. Furthermore, these practices should be
monitored, and training and continuing education should
be provided to the surgical team.

Funding

Pro-Reitoria de Pesquisa da Universidade Federal de Minas
Gerais, Belo Horizonte, MG, Brazil.

Conflicts of interest

The authors have no conflicts of interest to declare.

Acknowledgements

To all professionals of the neonatal unit for the progressive
care responsible for the assistance of these newborns.

References

1. Stover BH, Shulman ST, Bratcher DF, Brady MT, Levine GL, Jarvis
WR, et al. Nosocomial infection rates in US children’s hospitals’
neonatal and pediatric intensive care units. Am J Infect
Control. 2001;29:152-7.

2. Banerjee SN, Grohskopf LA, Sinkowitz-Cochran RL, Jarvis WR;
National Nosocomial Infections Surveillance System; Pediatric
Prevention Network. Incidence of pediatric and neonatal
intensive care unit-acquired infections. Infect Control Hosp
Epidemiol. 2006;27:561-70.

3. Orsi GB, d’Ettorre G, Panero A, Chiarini F, Vullo V, Venditti M.
Hospital-acquired infection surveillance in a neonatal intensive
care unit. Am J Infect Control. 2009;37:201-3.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Auriti C, Ronchetti MP, Pezzotti P, Marrocco G, Quondamcarlo

A, Seganti G, et al. Determinants of nosocomial infection in 6
neonatal intensive care units: an Italian multicenter prospective
cohort study. Infect Control Hosp Epidemiol. 2010;31:926-33.

. Yapicioglu H, Satar M, Ozcan K, Narli N, Ozlu F, Sertdemir Y, et

al. A 6-year prospective surveillance of healthcare-associated
infections in a neonatal intensive care unit from southern part
of Turkey. J Paediatr Child Health. 2010;46:337-42.

. van der Zwet WC, Kaiser AM, van Elburg RM, Berkhof J, Fetter

WP, Parlevliet GA, et al. Nosocomial infections in a Dutch
neonatal intensive care unit: surveillance study with definitions
for infection specifically adapted for neonates. J Hosp Infect.
2005;61:300-11.

. Pessoa-Silva CL, Richtmann R, Calil R, Santos RM, Costa ML,

Frota AC, Wey SB. Healthcare-associated infections among
neonates in Brazil. Infect Control Hosp Epidemiol. 2004;25:
772-7.

. Kawagoe JY, Segre CA, Pereira CR, Cardoso MF, Silva CV,

Fukushima JT. Risk factors for nosocomial infections in critically
ill newborns: a 5-year prospective cohort study. Am J Infect
Control. 2001;29:109-14.

. Victora CG, Aquino EM, do Carmo Leal M, Monteiro CA, Barros

FC, Szwarcwald CL. Maternal and child health in Brazil: progress
and challenges. Lancet. 2011;377:1863-76.

Brasil. Ministério da Saude. Agéncia Nacional de Vigilancia
Sanitaria. Neonatologia. Critérios nacionais de infeccoes
relacionadas a assisténcia a salde. Brasilia: Ministério da
Saude; 2010.

Landre-Peigne C, Ka AS, Peigne V, Bougere J, Seye MN, Imbert
P. Efficacy of an infection control programme in reducing
nosocomial bloodstream infections in a Senegalese neonatal
unit. J Hosp Infect. 2011;79:161-5.

Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA, Ehrenkranz
RA, et al. Late-onset sepsis in very low birth weight neonates:
the experience of the NICHD Neonatal Research Network.
Pediatrics. 2002;110:285-91.

Mussi-Pinhata MM, Rego MA. Particularidades imunologicas do
pré-termo extremo: um desafio para a prevencdo da sepse
hospitalar. J Pediatr (Rio J). 2005;81:559-68.

Singh-Naz N, Sprague BM, Patel KM, Pollack MM. Risk factors for
nosocomial infection in critically ill children: a prospective
cohort study. Crit Care Med. 1996;24:875-8.

Brito DV, Brito CS, Resende DS, Moreira do OJ, Abdallah VO,
Gontijo Filho PP. Nosocomial infections in a Brazilian neonatal
intensive care unit: a 4-year surveillance study. Rev Soc Bras
Med Trop. 2010;43:633-7.

Mokaddas EM, Shetty SA, Abdullah AA, Rotimi VO. A 4-year
prospective study of septicemia in pediatric surgical patients
at a tertiary care teaching hospital in Kuwait. J Pediatr Surg.
2011;46:679-84.

Bhattacharyya N, Kosloske AM, Macarthur C. Nosocomial
infection in pediatric surgical patients: a study of 608 infants
and children. J Pediatr Surg. 1993;28:338-44.

Gewolb IH, Schwalbe RS, Taciak VL, Harrison TS, Panigrahi P.
Stool microflora in extremely low birthweight infants. Arch Dis
Child Fetal Neonatal Ed. 1999;80:F167-73.

Balkhy HH, Alsaif S, El-Saed A, Khawajah M, Dichinee R, Memish
ZA. Neonatal rates and risk factors of device-associated
bloodstream infection in a tertiary care center in Saudi Arabia.
Am J Infect Control. 2010;38:159-61.

Moro ML, De Toni A, Stolfi I, Carrieri MP, Braga M, Zunin C. Risk
factors for nosocomial sepsis in newborn intensive and
intermediate care units. Eur J Pediatr. 1996;155:315-22.
Couto RC, Carvalho EA, Pedrosa TM, Pedroso ER, Neto MC,
Biscione FM. A 10-year prospective surveillance of nosocomial
infections in neonatal intensive care units. Am J Infect Control.
2007;35:183-9.



196

Romanelli RM et al.

22. Khoory BJ, Vino L, Dall’Agnola A, Fanos V. Candida infections in
newborns: a review. J Chemother. 1999;11:367-78.

23. Srivastava S, Shetty N. Healthcare-associated infections in
neonatal units: lessons from contrasting worlds. J Hosp Infect.
2007;65:292-306.

24. Zaidi AK, Huskins WC, Thaver D, Bhutta ZA, Abbas Z, Goldmann
DA. Hospital-acquired neonatal infections in developing
countries. Lancet. 2005;365:1175-88.

25. Healy CM, Palazzi DL, Edwards MS, Campbell JR, Baker CJ.
Features of invasive staphylococcal disease in neonates.
Pediatrics. 2004;114:953-61.

26. Kayange N, Kamugisha E, Mwizamholya DL, Jeremiah S, Mshana
SE. Predictors of positive blood culture and deaths among
neonates with suspected neonatal sepsis in a tertiary hospital,
Mwanza-Tanzania. BMC Pediatr. 2010;10:39.

27.

28.

29.

30.

Lin YJ. The changing characteristics of neonatal sepsis in the
neonatal intensive care unit: a never-ending challenge. Pediatr
Neonatol. 2009;50:83-4.

Organizacdo Mundial da Salde (OMS). Segundo desafio global
para a seguranca do paciente: cirurgias seguras salvam vidas
(orientacdes para cirurgia segura da OMS). Rio de Janeiro:
Organizacdo Pan-Americana da Salde; Ministério da Salde;
Agéncia Nacional de Vigilancia Sanitaria; 2009. p. 87-146.
0’Grady NP, Alexander M, Burns LA, Dellinger EP, Garland J,
Heard SO, et al. Guidelines for the prevention of intravascular
catheter-related infections. Am J Infect Control. 2011;39:
S1-34.

Rosado V, Romanelli RM, Camargos PA. Risk factors and
preventive measures for catheter-related bloodstream
infections. J Pediatr (Rio J). 2011;87:469-77.



	Risk factors and lethality of laboratory-confirmed bloodstream infection caused by non-skin contaminant pathogens in neonates

