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ABSTRACT
Introduction: The purpose of this study was to establish the late onset sepsis (LOS) rate of 
our service, characterize the intestinal microbiota and evaluate a possible association between 
gut flora and sepsis in surgical infants who were receiving parenteral nutrition (PN). Methods: 
Surveillance cultures of the gut were taken at the start of PN and thereafter once a week. 
Specimens for blood culture were collected based on clinical criteria established by the medical 
staff. The central venous catheter (CVC) tip was removed under aseptic conditions. Standard 
laboratory methods were used to identify the microorganisms that grew on cultures of gut, 
blood and CVC tip. Results: 74 very low birth weight infants were analyzed. All the infants 
were receiving PN and antibiotics when the gut culture was started. In total, 21 (28.4%) infants 
experienced 28 episodes of LOS with no identified source. Coagulase negative staphylococci 
were the most common bacteria identified, both in the intestine (74.2%) and blood (67.8%). 
All infections occurred in patients who received PN through a central venous catheter. Six 
infants experienced episodes of microbial translocation. Conclusions: In this study, LOS was 
the most frequent episode in neonates receiving parenteral nutrition who had been submitted 
to surgery; 28.6% of this infection was probably a gut-derived phenomenon and requires novel 
strategies for prevention. 
Keywords: Infants. Intestinal bacterial colonization. Late onset sepsis. Very low birth weight.

RESUMO 
Introdução: O objetivo deste estudo foi estabelecer a taxa de sepse de ataque tardio (LOS) 
do nosso serviço, caracterizar a microbiota intestinal e avaliar uma possível associação entre a 
flora intestinal e sepse em recém-nascidos cirúrgicos que estavam recebendo nutrição parenteral 
(NP). Métodos: Culturas do intestino foram colhidas no início da nutrição parenteral e, 
posteriormente, uma vez por semana. As amostras para a cultura de sangue foram coletadas 
com base em critérios clínicos estabelecidos pela equipe médica. A ponta do cateter venoso 
central (CVC) foi removida sob condições assépticas. Métodos laboratoriais padrão foram 
usados para identificar os microrganismos que cresceram em culturas de sangue, do intestino, 
e da ponta do CVC. Resultados: Foram analisados 74 recém-nascidos de muito baixo peso. 
Todas as crianças estavam recebendo nutrição parenteral e antibióticos quando a cultura 
do intestino foi iniciada. No total, 21 (28,4%) crianças apresentaram 28 episódios de sepse 
tardia sem fonte identificada. Os estafilococos coagulase negativo foram os mais comuns das 
bactérias identificadas, tanto no intestino (74,2%) como no sangue (67,8%). Todas as infecções 
ocorreram em pacientes que receberam nutrição parenteral através de um cateter venoso central. 
Seis crianças experimentaram episódios de translocação microbiana. Conclusões: Neste 
estudo LOS foi o episódio mais frequente em recém-nascidos recebendo nutrição parenteral 
e submetidos a cirurgia, 28,6% da infecção provavelmente foi um fenômeno derivado do 
intestino o que exige novas estratégias para a prevenção.
Palavras-chaves: Neonatos. Colonização bacteriana intestinal. Sepse tardia. Muito baixo peso.

Advances in neonatal intensive care have 
improved survival among very low birthweight 
(VLBW) infants, but healthcare-associated infections 
remain an important cause of morbidity and mortality 
in this high-risk population1.

Late onset sepsis (LOS) is a common com-
plication of prolonged admission to the neonatal 
intensive care unit (NICU) following preterm birth. 
LOS occurs after the third day of life and, among 
premature infants, it is most often caused by Gram-
positive organisms2.

The concept that potentially pathogenic 
intestinal microorganisms pass from the gut lumen 
into normally sterile tissue and cause systemic 
disease, including septicemia, in the absence of an 
anatomic alteration in the intestinal architecture is 
not a novel idea3.

Bacterial colonization of the intestine normally 
starts at birth as the infant encounters the 
environmental microflora. The preterm infant is 
exposed to the nosocomial flora in the neonatal 
intensive care unit (NICU) and is often treated with 
broad-spectrum antibiotics. It is likely that these 
circumstances affect the bacterial colonization of 
the intestine. The early colonization is influenced by 
factors, such as antibiotic treatment, feeding, mode 
of delivery and gestational age4.

Patients requiring parenteral nutrition (PN) are 
at risk of infection. Studies suggest that septicemia 
in patients receiving PN may be primarily due to 
gut-derived microorganisms rather than external 
contamination of the intravenous catheter3,5.

The aims of this study were establish the LOS 
rate of our service, characterize the presence of 
intestinal pathogenic microbiota in the same cohort 
during the first 4 weeks of life and evaluate a possible 
association between gut flora and sepsis in infants 
who were submitted to surgery and were receiving 
parenteral nutrition. 
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METHODS

RESULTS
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Setting and design

Data were collected through the National Healthcare Safety 
Network surveillance system to evaluate the nosocomial infection 
and LOS rates. Between January and December 2009, 74 VLBW 
infants who were receiving PN were recruited from the NICU at 
Uberlândia University Hospital. The NICU consists of 2 rooms 
with a capacity of 15 infants and also serves as a referral center for 
several hospitals in the vicinity. Inclusion criteria were: I) birth weight  
≤ 1500g; II) postnatal age ≤ 1 week at admission and III) length of 
stay in the NICU > 1 week. 

An indication for PN was gut dysfunction due to the following 
types of congenital or acquired gastrointestinal anomalies: congenital 
intestinal obstruction, gastroschisis or omphalocele, prematurity or gut 
dysmotility, gastroesophageal reflux, congenital diaphragmatic hernia. 
Infants were administered PN through a central venous line. Enteral 
feedings were introduced gradually when gut motility recovered.

Definitions

Microbial carriage
Microbial carriage was considered to be present when the same 

strain of a microorganism, at any concentration, was isolated from 
a minimum of two consecutive surveillance samples over a period 
of at least one week6.

Microbial translocation
Microbial translocation was diagnosed if the microorganisms 

isolated from the blood culture, of infants who had been submitted 
to surgery and were receiving PN, were indistinguishable from 
those carried in the rectum in the two weeks preceding the episode 
of septicemia3. 

Late onset sepsis
 LOS was determined by isolation of recognized pathogens from 

blood culture obtained after 72h of life, which were not related to 
infection at another site, with > 38oC fever and with clinical signs of sepsis 
including apnea, temperature instability, lethargy, feeding intolerance, 
worsening respiratory distress or hemodynamic instability2,7.

Central venous catheter related bloodstream infection
CVC-related infection consists of the presence of clinical signs 

for sepsis, positive hemoculture with the same microorganism 
present on the catheter tip (by quantitative culture) and clinical and 
microbiological absence of any other source of infection8.

Microbiological methods

Surveillance cultures of the gut were obtained at the start of PN 
and thereafter, once a week. They were processed in a semiquantitative 
method, i.e., the four-quadrant technique combined with enrichment 
broth6. The swabs were inoculated onto four solid media (Salt Manitol 
agar, Yeast agar, MacConkey agar and Blood agar plates) and placed 
into 5mL brain-heart infusion broth. Growth density was classified 
as very low (equivalent to < 10cfu/mL) where only the enrichment 
broth was positive, low (equivalent to 10-103 cfu/mL), high (equivalent 
to 106-107 cfu/mL) and very high (equivalent to >107 cfu/mL) where 
the plate had grown completely.

Blood cultures were collected based on clinical criteria including: 
apnea, bradycardia, temperature instability, feed intolerance, 
increased oxygen requirement, fever and lethargy. To avoid 
contamination of blood cultures, a specialized nurse drew blood after 
meticulous skin cleaning. Blood was processed using the BACTEC 
9240 (Becton and Dickinson, Diagnostic Instrument Systems, 
Sparks, MD, USA) method. 

Central venous catheter (CVC) tip 
Catheters were removed when they were no longer required 

for patient care, when the patient experienced an adverse event, or 
when catheter exchange was necessary. Catheters were removed 
under aseptic conditions; their tips were cut off with sterile scissors 
and transferred in sterile tubes to the Microbiology Laboratory. A 
quantitative culture was performed, in accordance the techniques 
described by Brun-Buisson et al9, and was considered positive when 
≥ 103 cfu/mL were present.

Standard laboratory methods were used to identify the 
microorganisms that grew on cultures of gut, blood and CVC tip10. 
Sensitivity patterns were determined using the Clinical Laboratory 
Standard Institute method11. Nine antimicrobial agents were 
tested; oxacillin, cefotaxime, gentamicin, tetracycline, vancomycin, 
aztreonam, imipenem, cefepime and ciprofloxacin. 

Statistical analysis
Repeated measures analysis was used to study crude variations 

in bacterial counts over time. Postnatal age in integer weeks was used 
for this analysis. When Mauchly's test of sphericity was significant, 
the Greenhouse-Geisser correction was applied.

Ethics considerations
This study was approved by the institutional research ethics 

committee and was conducted in accordance with the ethical 
standards of the committee responsible for human experimentation 
and with the Helsinki Declaration of 1975, as revised in 1983. 

During the study period, 93 VLBW infants were evaluated; 
however, gut cultures were possible in only 74, due to NUCI 
admission of less than 72h, death or extreme risk newborns with 
severe abdominal disease. 

Their median gestational age was 32 weeks (range 25-40 weeks), 
median birth weight was 1.1kg (range 0.70-1.5kg), median age at the 
start of PN was 3 days (range 1-45 days) and median duration of PN 
was 25 days (range 2-368 days). 

Microorganisms identified at different postnatal ages are 
presented in Table 1. All the infants were administered PN and 
antibiotics when cultures of the gut were initiated. Coagulase negative 
staphylococci (CoNS) were the most (74.2%) common bacteria 
identified. In all the cultures tested, an overgrowth of low level 
pathogens (e.g. CoNS) and potentially pathogenic microorganisms 
(Escherichia coli, Klebsiella pneumoniae, Enterobacter spp. and Serratia 
marscecens) were verified in the intestinal microflora of preterm 
infants, especially when receiving PN. Using repeated measures 
analysis, a significant time effect was observed for CoNS, with 
an increase in bacterial count from weeks 0 to 2 (p < 0.001), but 
not for Gram-negative bacteria (p = 0.372). About 68% of infants 
received their own mother’s breast milk from the third week of 
life, contributing to the reduction of pathogenic bacteria. About 
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DISCUSSION

TABLE 1 - Intestinal bacterial colonization at different postnatal ages.

 Days (3) Week (1) Weeks (2) Weeks (3) Weeks (4)

Microorganisms n % n % n % n % n %

Staphylococcus saprophyticus (n = 29) 9 31.0 7 24.0 7 24.0 5 17.2 1 3.5

Staphylococcus epidermidis (n = 20) 12 60.0 6 30.0 2 10.0 - - - -

Staphylococcus haemolyticus (n = 13) 6 46.2 4 30.8 2 15.4 1 7.6 - -

Staphylococcus lugdunensis (n = 7) 4 57.1 3 42.9 - - - - - -

Escherichia coli (n = 8) 1 12.5 4 50.0 2 25.0 1 12.5 - -

Klebsiella pneumoniae (n = 6) 2 33.3 1 16.7 - - 3 50.0 - -

Enterobacter aerogenes (n = 6) 2 33.2 1 16.7 - - 1 16.7 2 33.4

Enterobacter cloacae (n = 3) - -   1 33.3 1 33.3 1 33.3

Serratia marscecens (n = 1) 1 100.0 - - - - - - - -

TABLE 2 - Microorganisms isolated from 28 septicemic episodes in 21 patients.

 Patients (n = 21) Episodes (n = 28*)

Microorganisms n  n %

Coagulase negative staphylococci 14 19 67.8

Staphylococcus aureus 4 5 17.9

Enterococcus faecalis 1 2 7.1

Enterobacter cloacae 1 1 3.6

Candida sp. 1 1 3.6

*Four patients had more than one episode and three episodes were polymicrobial.

TABLE 3 - Episodes of catheter-related sepsis suggesting microbial translocation 
in infants receiving parenteral nutrition. 

Infant Hemoculture CVC tip Intestinal microbiota

1 S. epidermidis S. epidermidis S. epidermidis

2 S. epidermidis S. epidermidis S. epidermidis

3 S. epidermidis S. epidermidis S. epidermidis

4 S. epidermidis S. epidermidis S. epidermidis

5 S. lugdunensis S. lugdunensis S. lugdunensis

6 S. haemolyticus S. haemolyticus S. haemolyticus

CVC: central venous catheter, S: Staphylococcus.

65% of infants were administered antibiotics (ampicillin and 
gentamicin) during the first two weeks and 20% used antibiotics 
(ampicillin, gentamicin, oxacillin and cefotaxime) during the entire 
hospitalization period.

In total, 30 (40.5%) infants developed nosocomial infection and 
of these, 21 (26.9%) infants experienced 28 episodes of late onset 
sepsis (Table 2) with no identified source. All infections occurred in 
patients who received PN through a central venous catheter. Thirteen 
episodes were considered catheter-related sepsis. Only three of these 
patients received PN for less than two weeks. More than half of all 
septicemic episodes were due to CoNS. Among the 19 CoNS (67.8), 
S. epidermidis (73.7%) was the predominant isolate, followed by S. 
haemolyticus (15.7%), S. lugdunensis (5.3%) and S. agalactiae (5.3%). 

Of the 21 infants with sepsis of unidentified source, six drew 
should be highlighted. All six were considered catheter-related sepsis; 
all were caused by CoNS (Table 3). These neonates were being 
administered PN and antibiotics and were submitted to surgical 
procedures because of a gastroschisis (four) and congenital intestinal 
obstruction (two) had indistinguishable strains of CoNS in the 
rectum, including the antimicrobial susceptibility profile, meeting 
our definition of microbial translocation. 

All the strains isolated in this study were tested for antimicrobial 
susceptibility. In isolates of the blood (45.8%, 11/24) and the 

intestine (100%), staphylococci demonstrated a high frequency of 
multidrug resistance to the antimicrobial agents tested. The other 
microorganisms were susceptible.

The intestinal microbiota of 74 VLBW neonates was studied 
during the first 4 weeks of life. In agreement with previous studies of 
preterm infants12, this study showed early, predominant colonization 
with potentially pathogenic bacteria. A recent study showed that 
the prolonged period prior to full enteral feeding could explain this 
finding13.

Early introduction of enteral feedings is thought to stimulate 
the intestine of preterm infants. This should maximize the immune 
functions of the intestine, reduce the risk of infection and improve 
the outcome of preterm infants14. In the present study, this was only 
possible from the third week of life due to the degree of ill health of 
the newborns.

Among the agents of infectious diseases in neonates, CoNS, 
especially Staphylococcus epidermidis, are emphasized as being 
predominantly of endemic nature15. Furthermore, they are the main 
cause of LOS in Neonatal Intensive Care Units (NICUs), in relation 
to neonates of low weight, and are often implied in outbreaks, with 
significant increase in morbidity, mortality, length of admission and 
cost. In this series, sepsis (69.2%) was the most frequent episode in 
neonates, with CoNS accounting for 67.8% of cases. These results are 
consistent with those published by Smith et al16, where the incidence 
of septicemia was almost 60%. The predominant microorganisms 
(49%) were the low-level pathogens, CoNS and enterococci.

A total of 21 neonates presented with sepsis of an unidentified 
source, six (28.6%) had septicemia due to translocation were 
administered PN and antibiotics and had been submitted to surgical 
procedures. In all cases, prior to the onset of the disease, a high count 
of indistinguishable strains of CoNS was verified in the rectum. 
Minimal data are available regarding intestinal translocation3,5. This is 
probably due to the difficulty in proving bacterial translocation from 
the intestine into the bloodstream. Unlike that was observed in this 
study, microbial translocation was responsible for 84% of septicemic 
episodes in the study by O’Donnell et al5. 

Consistent with previous studies from NICUs17,18, a high overall 
level of antibiotic resistance was verified among the staphylococci 
isolates in this study, representing 45.8% of infection episodes 
and  intestine isolates (100%), which is indicative of increased 
transmission rates of these bacteria and simultaneously high 
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