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ABSTRACT

The aims of this study were to determine endemic and epidemic infection due to Gram-negative bacilli, risk
factors associated with colonization and infection by these organisms and the resistance phenotypes (ESBL,
AmpC) in neonates admitted in a High Risk Nursery. The study was conducted during a 21 month period and
included: a prospective study to evaluate the neonates with hospital infection and the use of third-generation
cephalosporins; a case-control study to determine the risk factors associated with colonization/infection.
Rectal and oropharynx cultures were also performed in four opportunities (September and November 2001,
February and August 2002). The isolates for which the resistance of ceftazidime was 2 µg/mL were suspected
of producing ESBL or AmpC β-lactamases. The incidence of infection by Gram-negative bacilli was 2.4% (89/
3.708 neonates), and sepsis (35.9%) and conjunctivitis (31.4%) were the most common infections. The endemic
infections were more prevalent (73.9%) and usually associated with Enterobacteriaceae (95.5%), being these
organisms also related to colonization, corresponding mainly to isolates of Enterobacter spp. and Klebsiella
spp. Two outbreaks of Pseudomonas aeruginosa (n=10) and Acinetobacter baumannii (n=11) were identified
during the survey. Univariate analysis showed that risk factors for Gram-negative bacilli infection considered
significant included: the length of stay before infection/colonization, exposure to antimicrobial agents,
mechanical ventilation, central venous catheters, parenteral nutrition and surgery. The majority of resistance
to ceftazidime among Enterobacteriaceae isolates (80.9%) was from ESBL phenotype. Administration of third-
generation cephalosporins (ceftriaxone) led to the emergence of these multiresistant Gram-negative bacilli in
the neonatal unit.
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INTRODUCTION

Nosocomial infections are associated with substantial
morbidity and mortality and have become a matter of major
concern in Neonatal Intensive Care Units (NICU) and High Risk
Nursery (HRN) (23,24). The main predisposing factors
associated with these infections are low birth weight, length of

time spent in hospital, invasives procedures, surgery and also
colonization by bacteria from hospital environment (1,6).

The most common organisms related to these infections are
Gram negative-bacilli (GNB) particularly members of the family
Enterobacteriaceae as Escherichia coli, Enterobacter spp.,
Klebsiella spp. and Pseudomonas aeruginosa and Acinetobacter
baumannii (1,6,24). Organisms isolated from patients in
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intensive care units are more likely to be resistant to antibiotics
than those isolated from general-ward patients, probably
because there selective pressure exerted by antibiotics in these
units (1,23). Although several biochemical mechanisms may
explain β-lactam resistance among GNB, β-lactamases
synthesis is the most important (15). Resistance appeared
initially in organisms such as Enterobacter cloacae,
Citrobacter freundii, Serratia marcescens and P. aeruginosa,
due to overproduction of chromosomal AmpC β-lactamase
thus provide resistance to both oxyimino- and 7-α-methoxy-
cephalosporins and monobactans, and late on plasmids
encoding extended-spectrum β-lactamases (ESBL).
Cephamycins as cefoxitin are not affected by these enzymes
that are blocked by β-lactamase inhibitors, and are described
mainly in K. pneumoniae and E. coli (17,19).

The purpose of this study was to determine endemic and
epidemic infection due to Gram-negative bacilli, risk factors
associated with colonization and infection by these organisms
and the presence of resistance phenotypes (ESBL, AmpC) in
neonates admitted in a High Risk Nursery.

MATERIALS AND METHODS

Hospital and study design
The High Risk Nursery of the Hospital de Clínicas of

Universidade Federal de Uberlândia (HRN-HC-UFU) has 45 beds
divided into the following rooms: Neonatal Intensive Care I and
II, High Risk Unit, Intermediate Care I and II, Isolation,
Admission and Extern. From January 2001 to September 2002 a
prospective laboratorial surveillance was conducted for all
neonates (89 neonates) with nosocomial infection by GNB and
antibiotic treatment with third-generation cephalosporins. We
also under took four cross-sectional surveys in order to
determine the prevalence of 85 neonates colonized with GNB in
September and November 2001, February and August 2002.
During this period data regarding the predisposing factors (birth
weight, length of stay, vascular catheters, mechanical
ventilation, antibiotic therapy, surgery, parenteral nutrition)
associated with either an increased risk of colonization or
infection was recorded on a individual form.

Screening, identification and susceptibility tests
Oropharynx and rectal specimens were obtained with swabs

of all newborns during the four cross-sectional studies and
were inoculated onto MacConkey agar with and without 2 µg/
mL of ceftazidime. Isolates were identified by conventional
biochemical tests (8), and their antimicrobial susceptibility was
evaluated by disk-diffusion method according to NCCLS
guidelines (16). ESBL production was detected on isolates by
the double-disk synergy test using ceftazidime (30 µg),
aztreonam (30 µg) and amoxicillin/clavulanate (20/10 µg) (10).
AmpC phenotype was defined as third-generation

cephalosporins and cefoxitin resistant and the resistance was
not reverted by clavulanate (17).

Statistical analysis
All data were analyzed in Epi-Info version 5.0. Categorical

variables were compared using the X2 or when appropriate
Fisher’s exact test. Relative Risk (RR) and 95.0% confidence
intervals (CI 95) were calculated (3).

The study protocol was approved by HC-UFU Bioethical
Research Committee.

RESULTS

During the 21 months surveillance period GNB nosocomial
infection was diagnosed in 89/3.708 neonates accounting for
incidence rate of 2.4% and Enterobacteriaceae strains and non-
fermenting GNB represented 40.7% and 20.4% of the cultures,
respectively (data not shown). Most infections were endemic
(73.9%) and caused by Enterobacteriaceae (95.5%). Sepsis
(35.9%), conjunctivitis (31.4%) and urinary tract infections
(17.9%) were the most common sites of infection. During the
study period two outbreaks, one by P. aeruginosa multidrug-
resistant (gentamicin, cefpime and ciprofloxacin) involving ten
neonates with seven episodes of conjunctivitis and three of
sepsis and other one by A. baumannii when eleven neonates
developed sepsis.

Comparison between infected and colonized infants showed
significant differences in all measured variables with exception
of low birth weight as far as endemic infections were considered
(Table 1).

Colonization with GNB was related to infection by these
organisms being Enterobacter spp. and Klebsiella spp. the
most common agents, with positive rates of 30.8% for infection
and 41.7% for colonization, and 27.7% for infection and 17.4%
for colonization, respectively (Table 2). The results of all
cultures showed that the intestine was the most frequently
(59.0%) colonized site by Enterobacter spp. and Klebsiella
spp. On the other hand, the use of surveillance cultures on
HRN did not present evidence for colonization with P.
aeruginosa and A. baumannii being a prerequisite for
subsequent infection.

Among the colonization isolates approximately half (52 of
105 isolates) were resistant to the third-generation
cephalosporins and the majority was identified as Enterobacter
ssp., antibiotic resistance frequencies are showed in Table 3.

Alltogether, among the cases of either colonization (68/115)
or infection (37/64) 58.7% were harboring third-generation
cephalosporins multiresistant GNB isolates with those of
Enterobacter spp. and Klebsiella spp. showing similar
proportions of resistance to ceftazidime/ceftriaxone.

The prevalence of ESBL and AmpC producers among the 68
isolates of Enterobacteriaceae obtained from colonized neonates
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was 80.9% and 19.1%, respectively (Table 3) being
ESBL detected mainly in order of frequency in
Serratia spp. (91.6%), Enterobacter spp. (74.2%)
and Klebsiella spp. (70.0%) and AmpC in
Klebsiella spp. (30.0%) and Enterobacter spp.
(25.8%).

It was observed a high rate of neonates infected
(40.2%) with ceftriaxone resistant organisms and
colonized (41.5%) with cefatzidime resistant
organisms (data not shown). The detection of the
ESBL and AmpC phenotype was performed, just
among isolates associated with colonization due
to the difficulties in obtain the strains related to
infection in the hospital laboratory. The use of
ceftriaxone (units) was associated with a higher
risk of colonization by these organisms (Fig. 1).

DISCUSSION

The purpose of this study was to provide
descriptive microbiologic an epidemiologic data
concerning to infection and colonization of
hospitalized neonates in an almost two-year period.
The incidence rate of GNB infection was 2.4% and
Enterobacteriaceae (70.7%), mainly members of
Enterobacter spp. (30.8%) and Klebsiella spp.
(27.7%), represented a high proportion of the GNB

identified. Nevertheless, it was documented two outbreaks
caused by P. aeruginosa and A. baumannii, respectively. In

Table 1. Univariate analysis of 125 neonates with infection or colonization
by Gram-negative bacilli in High Risk Nursery at HC-UFU, from January
2001 to September 2002.

Colonized Infected
Risk factors  (N=85) (N=40) RR1 (CI)2 Value P3

 n (%) n (%)

Intrisic
Length stay > 7 days 53 (62.4) 39 (97.5) 0,59 (0.49-0.72) <0.0001
Weight <1500g 28 (32.9) 17 (42.5) 0.87 (0.67-1.14) 0.4015
Extrinsic
Antimicrobial use 27 (31.7) 38 (95.0) 0.43 (0.32-0.59) <0.0001
No >2 9 (10.6) 36 (90.0) 0.21 (0.12-0.38) <0,0001
No <2 18 (21.2) 2 (10.0) 1.41 (1.15-1.73) 0.0413
3rd/4thcephalosporins use 3 (3.5) 17 (42.5) 0.19 (0.07-0.55) <0.0001
Invasive device:
CVC4 13 (15.3) 15 (3.5) 0.63 (0.41-0.95) 0.0108
MV5 9 (10.6) 20 (50.0) 0.39 (0.23-0.68) <0.0001
Surgical  2 (2.4) 23 (57.5) 0.10 (0.03-0.37) <0.0001
Parenteral nutrition  4 (4.7) 17 (42.5) 0.24 (0.10-0.59) <0.0001

1 RR= Relative Risk;
2 CI= Confiance interval;
3 P= < 0.05;
4 CVC= Central Venous Catheter;
5 MV= Mechanical Ventilation.

Table 2. Gram-negative bacilli isolated from infected and
colonized neonates in High Risk Nursery at HC-UFU, from
January 2001 to September 2002.

Organism Infection Colonization
N % N %

Enterobacteriaceae 65 70.7 115 100.0
Enterobacter spp. 20 30.8 48 41.7
Klebsiella spp. 18 27.7 20 17.4
Serratia spp. 11 16.9 15 13.1
Escherichia coli 11 16.9 13 11.3
Citrobacter spp. 4 6.1 9 7.8
Others1 1 1.5 10 8.7

GNB non-fermenting 27 29.3 - -
Pseudomonas aeruginosa 13 48.2 - -
Acinetobacter baumannii 12 44.4 - -
Crysobacterium
meningosepticum

1 3.7 - -

Burkholderia cepacia 1 3.7 - -

Total 92 100.0 115 100.0

1Proteus mirabilis, Salmonella spp., Providencia spp., Morganella
morganii.

Figure 1. Prevalence of ceftazidime resistant and ESBL
producers isolates and ceftriaxone use in neonates in High Risk
Nursery at HC-UFU, from January 2001 to September 2002.
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spite of only ~ 5% of hospital infections occur as part of
epidemics (13) in the high-risk nursery area infants have an
increased risk of acquiring infection and identification of
outbreaks is more frequent as observed in this series (1,22).

The relative frequency of the two most commonly isolated
pathogens for endemic infections, Enterobacter spp. and
Klebsiella spp. was 35.9% and 31.5%, respectively, and overall
the major sites of nosocomial infections were bloodstream
infections (35.9%), conjunctivitis (31.5%) and urinary tract
infections (17.9%). These data are in accordance with other US
studies (20,21). Pneumonia is the most common nosocomial
infection in critical care units, but the limitations and inaccuracies
when using only clinical and radiologic criteria and the absence
of quantitative culture and microscopic examination of lower
respiratory sections justify the conflitant reports. In Brazil,
Nagata et al. (14) asserted that lung was the site more likely to
be involved in neonates.

Surveillance cultures on neonatal intensive care units may
not be a cost effective approach to predicting the organisms
responsible for sepsis or will ultimately become ill (5,7), but
are crucial in the control and prevention of outbreaks of
infection in these units (2,4). Our results suggest that high
percentages of colonized babies with Enterobacter spp.
(41.7%) and Klebsiella spp. (17.4%) more often than E. coli
(11.3%) and support the assumption that colonization of the
infant precedes infection. The principal reservoir of Gram-
negative pathogens in the NICU is the intestinal tract of
hospitalized babies, considering that these organisms
(Klebsiella spp. and Enterobacter spp.) were also the more

frequently ones associated with infection.
Nevertheless, rectal swabs would not had sensitivity
to detect the two outbreaks strains (P. aeruginosa
and A. baumannii). Colonization with GNB places
hospitalized neonates at risk for development of
infections (6). Our results showed that all risk factors
analyzed except low birth weight were associated
with infection by GNB when compared with colonized
neonates. Very low birth weight has been recognized
as a factor that predicts neonatal mortality with good
discrimination (1,18). In other Brazilian studies (11,14)
birth weight, prematurity, low gestational age,
mechanical ventilation, total parenteral nutrition,
vascular/umbilical catheter, intubation in the delivery
room and the use of antibiotics were considered as
risk factors associated with nosocomial infections
in NICU.

On other hand, Singh et al. (21) reported in a 3-
year period, that colonized neonates with very low
birth weight and those who had received prolonged
exposure to antimicrobial agents were at increased
risk of GBN infections. Risk factors for colonization/
infection by GNB in neonates included antibiotic

therapy (14,21). Exposure to antibiotic therapy is usually high
in NICU population, highest in Brazil as observed in this study
(52.0%) and others recent reports by Nagata et al. (46.0%)
(14) and Loureiro et al. (83.0%) (11) in Londrina and Rio de
Janeiro, respectively. Colonization with resistant GNB was
related to empiric use of antibiotics in several studies (1,17).
In this study, Enterobacteriaceae, especially Klebsiella spp.
and Enterobacter spp., that were resistant to third-generation
cephalosporins were recovered from most colonized neonates
(41.5%).

Mutiresistant organisms of particular concern are those with
plasmid-mediated β-lactamase (ESBL) and chromossomal (Class
I) β-lactamase (AmpC) and, areas of high antibiotic use are at
increased risk of developing these forms of resistance in
response to the selective pressure of β-lactam agents (4,7,12,
22,23,25). Previous use of third-generation cephalosporins and
carbapenem are important risk factors for multiresistant A.
baumannii and P. aeruginosa infections (9,13). Our experience
showed that an increase in the use of imipenem to treat neonates
infected with P. aeruginosa was related with the emergency of
the epidemic strain of A. baumannii. In this study overall
infection and colonization with third-generation cephalosporins
resistant GNB was 50.9% and 41.5% respectively. There was a
high prevalence of ESBL producers among strains of
Enterobacter spp. (37.5%), Serratia spp. (14.3%) and Klebsiella
spp (8.9%) isolated from colonized neonates.

The our data suggest that previous recognition of colonized
neonates may be helpful in making therapeutic decisions when
patients developed signs of infection, show that prevalence of

Table 3. Prevalence of β-lactamases producers phenotypes among
Enterobacteriaceae resistant isolates in neonates infected and colonized
in High Risk Nursery at HC-UFU, from January 2001 to September 2002.

Infection Colonization

CRO1 CAZ2 Phenotype

Organism  resistant resistant ESBL AmpC

N % N % N % N %

Enterobacter spp. 17/20 85.0 35/48 72.9 26 47.2 9 69.2
Klebsiella spp 10/18 55.5 10/20 50.0 7 12.7 3 23.1
Serratia spp. 4/11 36.4 12/15 80.0 11 20.0 1 7.7
Escherichia coli 3/11 27.3 5/13 38.5 5 9.1 - -
Citrobacter spp. ¾ 75.0 3/9 33.3 3 5.5 - -
Others4 - - 3/10 30.0 3 5.5 - -
Total 37/64 57.8 68/115 59.1 55 80.9 13 19.1

1 Ceftriaxone; 2 Ceftazidime; 3 Resistant samples number/Enterobacteriaceae
samples total; 4Providencia spp. (2), Proteus spp.(2), Morganella
morganii (3), Salmonella spp. (3).



Infection and colonization in neonates

197

ESBL producing Enterobacteriaceae in the unit has increased
dramatically in recent years and that the restriction/control use
of third/new-generation cephalosporins may be considered to
reduce colonization/infection with these multiresistant
organisms.

RESUMO

Infecção e colonização por bacilos Gram-negativos em
neonatos internados em Berçário de Alto Risco do
Hospital da Universidade Federal de Uberlândia:

Etiologia, fenótipos de resistência e fatores de risco

Os objetivos deste estudo foram determinar infecções
endêmicas e epidêmicas por bacilos Gram-negativos, fatores de
risco associados a colonização e infecção e a presença dos
fenótipos de resistência ESBL e AmpC em neonatos admitidos
em Berçário de Alto Risco. Durante um período de 21 meses, foi
realizado um estudo prospectivo para avaliar os casos de
infecções hospitalares e o uso de cefalosporinas de terceira
geração; e um estudo caso-controle para determinar os fatores
de risco associados a colonização/infecção. Quatro inquéritos
de colonização da orofaringe e intestino dos neonatos (Setembro
e Novembro/2001, Fevereiro e Agosto/2002). Amostras com
resistência a 2 µg/mL de ceftazidima foram isoladas devido a
suspeita de produção de β-lactamases (ESBL/ AmpC). A
incidência de pacientes infectados por bacilos Gram-negativos
foi de 2,4% (89/3.709 neonatos), sendo sepse (35,9%) e
conjuntivite (31,4%) as síndromes mais frequentes. A maioria
das infecções foram endêmicas (73,9%) e associadas a
Enterobacteriaceae (95,5%), estes também foram relacionados
à colonização, correspondendo principalmente as amostras de
Enterobacter spp e Klebsiella spp.. Foram identificados dois
surtos, durante o estudo, associados a Pseudomonas
aeruginosa (N=10) e Acinetobacter baumannii (N=11). Os
fatores de risco incluindo: tempo de internação, uso de
antimicrobianos, ventilação mecânica, cateter vascular central,
cirurgia e nutrição parenteral foram significativos em uma análise
univariada e considerados um risco para infecção por bacilos
Gram-negativos. A maioria das amostras de Enterobacteriaceae
(80,9%) com resistência a 2 µg/mL de ceftazidima foram do
fenótipo ESBL. O uso de cefalosporinas de terceira geração
(ceftriaxona) na unidade neonatal favoreceu a emergência de
bacilos Gram-negativos multiresistentes.

Palavras-chave: infecção, colonização, neonatos, bacilos Gram-
negativos, fenótipos de resistência
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