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ABSTRACT

Healthcare-associated infections are a major
problem in newborn infants, considering their
high morbidity, mortality, and long-term
sequelae. In preterm infants, it has been shown
that skin and gastrointestinal tract colonization
undergoes variations compared to healthy
term infants, and that preterm infants are more
exposed to nosocomial microorganisms given
their higher probability of being admitted to
the neonatal intensive care unit where they are
cared for.

This document reviews normal colonization,
the changes observed during hospitalization,
prematurity, and the potentialrole of chlorhexidine
in the prevention of resistant microorganism
transmission, as well as its side effects in newborn
infantsadmitted to theneonatal intensive care unit.
Keywords:preterminfant, chlorhexidine, nosocomial
infection, sepsis, primary prevention.
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Healthcare-associated infections
(HAIs) in newborn infants have a
great impact in terms of morbidity,
mortality, costs and long-term
sequelae. Several practices have
demonstrated their effectiveness to
reduce HAIs in neonatal intensive care
units (NICUs), such as hand washing,
central venous catheter care protocols,
etc.! However, HAIs are still a major
problem among hospitalized newborn
infants, especially preterm infants.

Finding preventive measures to
reduce the incidence of nosocomial
sepsis at the NICUs has become a
clinical research priority and a big
challenge for health care providers
working there.? Some strategies
have not been successful, whereas
others such as nutrition, prophylaxis,
and probiotics have shown good
results in specific settings (e.g.,
enterocolitis). The use of heparin and
antibiotic-impregnated catheters for

the prevention of device-associated
infections has been successful in some
hospitals, but it has not been routinely
standardized.?

Considering that, since the
moment of birth, newborn infants
start acquiring a normal flora that
is altered in the hospital setting, the
colonization range of newborn infants
admitted to the NICU may include
potentially pathogenic flora, which
may result in serious infections.
Therefore, the potential prevention
of hospital flora colonization through
skin disinfection is of great interest.

The following review will describe
the normal colonization process,
and its alterations, in the newborn
infant, as well as the potential role of
chlorhexidine for infection prevention.

Colonization of the gastrointestinal
tract

Studying gastrointestinal
colonization in newborn infants is
critical to understand the role of
microbiome in the pathogenesis of
neonatal sepsis.* The gut microbiome
should be recognized as a community
of commensal, symbiotic and
pathogenic microorganisms, as a
super organ in itself, resulting from
the interaction of microbial genes
and a host that plays an essential role
in immune system maturation and
infections.®

The intestinal flora contains more
than 400 microbial species and is
acquired around 24-36 months of life.
The acquisition of microbial patterns
is the result of large intra- and
inter-personal variations secondary
to multiple external factors that
affect neonates and infants.”” The
environment surrounding the fetus
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is sterile, so is their gut, which is immersed
in amniotic fluid. In healthy newborn infants,
bacterial colonization starts during birth and
through exposure to the maternal vaginal, fecal
and skin flora, as well as environmental flora;
this contact enables the development of the initial
microbiome.’

The delivery mode shapes the initial gut
microbiota.” Such flora is different among infants
born by C-section, even at 6 months old, and
provides a different immunological response than
that of vaginally delivered infants. In the latter,
the most commonly isolated microorganisms
are Lactobacillus spp. and Prevotella spp.; whereas
in neonates born by C-section, they include
Staphylococcus spp., Propionibacterium spp., and
Corynebacterium spp.>'° In other studies, it has
been observed that among neonates born by
abdominal surgery, the most commonly isolated
microorganisms included Clostridium spp. and
different Bifidobacterium species, and no differences
were established in the frequency of their isolation
compared to those delivered vaginally.’

The main source of neonatal gut colonization
is maternal flora; however, some studies have
shown that a third of newborn infants have a very
low maternal flora colonization rate.’

A study compared fecal samples of mothers,
nurses and healthy newborn infants and showed,
after a 6-month follow-up, that there was no
statistically significant difference in the prevalence
of maternal strains over those of nurses in terms
of newborn infant colonization; this suggests the
importance of early contacts between neonates
and their microbiological environment.’ Diet is
also an influential factor: breastfed term infants
have a higher Bifidobacteriaceae and Bacteroides spp.
colonization compared to formula-fed infants, who
have a higher Enterobacteriaceae colonization since
their first day of life>'*!"" (Table 1).

Preterm infants have a different colonization
process due to organ immaturity, frequent

antibiotic use, and prolonged hospital stays.
These newborn infants show lower species
diversity and a higher rate of potentially
pathogenic microorganisms. In addition to
Enterococcus, Bifidobacterium, Lactobacillus, and
Bacteroides species, preterm infants are more
commonly colonized by Klebsiella pneumoniae,
C. difficile and C. perfringens.'* In preterm infants
who require prolonged parenteral nutrition, the
most commonly isolated microorganism was
coagulase-negative staphylococcus (CoNS),
in addition to Escherichia coli, Klebsiella spp.,
Enterobacter spp., and Serratia marcescens.” It may
be argued that, in addition to using parenteral
nutrition, lack of breastfeeding is a risk factor for
pathogenic colonization.

Colonization as a predictor of neonatal sepsis

Unlike early-onset neonatal sepsis, for which
the amniotic cavity and the birth canal have been
identified as the sources of the main etiologic
agents, the origin of late-onset sepsis is more
complex and extended. In recent years, the
hypothesis of bacterial flora dissemination from
the gastrointestinal tract as a source of bacteremia
and sepsis, as a result of abnormal colonization
in newborn infants at risk, has gained impetus®*
(Table 2).

Most newborn infants hospitalized with
suspected sepsis are managed with both
broad-spectrum antibiotics and a delay in or
contraindication for enteral nutrition, thus
altering the normal colonization process and
mucous membrane integrity.'>' It has been
proposed that, in these cases, the non pathogenic
flora that usually colonizes newborn infants is
replaced with potentially pathogenic and multi-
drug resistant microorganisms, which, in addition
to an increased patency in microbial components,
may be related to the development of necrotizing
enterocolitis, sepsis, multiple organ failure, and
refractory shock."”

TasLE 1. Colonization of the gastrointestinal tract in newborn infants based on diet>***

Exclusive breastfeeding Milk formula
First day Streptococcus spp., Staphylococcus spp. Enterobacteriaceae.
and Enterococcus spp.
First week Bifidobacteriaceae. Bifidobacteriaceae.

(1000:1 ratio compared to Enterobacteriaceae).

First month Clostridium spp. (6%-20%).

Bacteroides spp.

(1:10 ratio compared to Enterobacteriaceae).

Bifidobacteriaceae (reduced from 71% to 64%).
Enterococci (increased from 57% to 86%).
Clostridium spp. (50%).
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One study compared three groups of preterm
newborn infants: the first group (pre-colonized)
included patients diagnosed with sepsis; the
second group (overlapping) included patients not
diagnosed with sepsis but who shared time and
space with the first group; and the third group
included patients randomized over time. It was
observed that the same microorganisms were
isolated in some of the patients in the overlapping
group and the pre-colonized group, which
demonstrated inter-patient transmission within
the neonatal care unit. The most commonly
isolated agent in relation to sepsis was group B
Streptococcus.™

Another study compared a group of preterm
infants diagnosed with late-onset sepsis and
a control group. CoNS was isolated in 70%
of newborn infants who had sepsis, with no
differences versus the control group. A higher
rate of Propionibacterium was observed in the
control group. This suggests that the absence of
certain non pathogenic microorganisms —rather
than the presence of pathogenic microorganisms
in itself- may be one of the risk factors for the
development of neonatal sepsis.'®

A study carried out in low birth weight
newborn infants at a NICU showed that the risk
factor for multi-drug resistant Enterobacteriaceae
was prior maternal colonization."

Skin colonization

The characteristics of newborn infants’ skin
increase their risk for infections and pose a risk
for potential substance absorption, making the
skin more susceptible to local damage and water
loss.?® Although the skin of healthy term newborn
infants is very similar to that of adults in terms of
skin and horny layer thickness, the dermis and
epidermis are not fully developed and therefore

require a neonatal adaptation process, just like
the lipid barrier.?® Such maturation process is
facilitated by the colonization of symbiotic, non
pathogenic bacteria in healthy term infants.”

The prevalent bacterial population in newborn
infants are aerobic species, including Staphylococcus
and Corynebacterium, and anaerobic organisms
such as Propionibacterium. In preterm infants,
CoNS account for 80% of the total flora, with a
highly heterogeneous distribution, predominantly
in the navel, skin folds, buttocks and soles. The
transient flora is variable and depends on the
child’s environment. Enterococci, Enterobacteriaceae,
Acinetobacter spp., Pseudomonas aeruginosa may
be isolated in the skin and become opportunistic
pathogenic microorganisms and result in healthcare
associated infections.'**

The most commonly implicated
microorganisms in the etiology of nosocomial
sepsis are those that colonize the skin, the
gastrointestinal tract, the mucous membranes,
and the different monitoring and support devices.
Gram-positive microorganisms are responsible
for 83% of HAIs; among these, the most common
include CoNS and Staphylococcus aureus, followed
by K. pneumoniae, E. coli, P. aeruginosa, Enterobacter
spp., Acinetobacter spp., and the different Candida
species.”

The role of chlorhexidine

Skin disinfection is one of the best methods to
prevent infections related to invasive procedures.
Umbilical cord care is equally relevant, an area
that has been described as the most sensitive site
for bacterial colonization, mainly Staphylococcus
aureus.

Chlorhexidine is a powerful, broad-spectrum
antimicrobial antiseptic. It is bactericidal against
Gram-positive microorganisms, inhibits spore

TaBLE 2. Colonization of the gastrointestinal tract in newborn infants with and without sepsis®31>1?

Normal flora

Microorganisms responsible for late-onset sepsis

Lactobacillus spp.
Prevotella spp.
Enterobacteriaceae
Streptococcus spp.
Staphylococcus spp.
Enterococcus spp.
Clostridium spp.
Bacteroides spp.

Coagulase-negative Staphylococcus
Staphylococcus aureus

Escherichia coli

Klebsiella spp.

Pseudomonas spp.

Group B Streptococcus

Candida spp.

Serratia spp.

Acinetobacter spp.

Enterobacter spp.
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growth, and is bacteriostatic against mycobacteria.
It also inactivates lipid-enveloped viruses, such as
herpes and human immunodeficiency virus (HIV).
Chlorhexidine activity is practically unaffected by
the presence of blood or organic material, and it
may be used on the skin even if skin integrity is
damaged, without affecting the wound healing
process. It was observed that the effectiveness of
0.5% chlorhexidine in 70% isopropyl alcohol was
similar to that of povidone iodine without the side
effects related to the thyroid function and burns to
the skin.®

Chlorhexidine may be supplied in different
dosage forms, and the most popular ones
include 2% chlorhexidine in 70% isopropyl
alcohol, 4% water-based chlorhexidine, and
0.5% chlorhexidine in 70% isopropyl alcohol.
In newborn infants, 0.5%-1% chlorhexidine
gluconate is the antiseptic of choice for skin
disinfection.” Several studies assessed the effect
of birth canal cleansing in association with
whole-body bathing in newborn infants and
showed reduced mortality, unlike those who
only underwent whole-body bathing with no
intervention at the birth canal.?

A meta-analysis of clinical trials that assessed
umbilical cord care protocols showed a 23%
reduction in neonatal mortality and a 27%-
56% reduction in omphalitis in the group
using chlorhexidine.” Another meta-analysis
demonstrated a reduction in mortality and in
the incidence of omphalitis among patients who
received umbilical cord care with chlorhexidine
versus routine community care. But such
reduction was not sustained versus routine
hospital care or in patients whose skin was
cleansed with chlorhexidine compared to control
patients.?® This effect has been observed in
developing countries with a high prevalence of
neonatal sepsis and sepsis-associated mortality,
but not in those with a low sepsis prevalence.”

Chlorhexidine adverse reactions

In 2009, a survey was administered to the
directors of neonatology training programs in
the United States. As per results, chlorhexidine
was used in 61% of neonatology units, although
its use was not approved by the Food and Drug
Administration (FDA). Among these, 51%
reported skin reactions, including erythema
(32%) and erosions (7%). No systemic toxicity or
neurological toxicity were reported.*

In fact, a literature review suggests that
chlorhexidine in concentrations above 2% causes

acidic symptoms. In analytical clinical trials,
chlorhexidine-impregnated dressings used
to cover percutaneous catheter insertion sites
have been reported to cause contact dermatitis
in almost 5.7% of patients under 26 weeks of
gestational age.”

The rate of exanthema depends on
different factors, such as gestational age, skin
hypersensitivity, and the different concentrations
of chlorhexidine used; however, in general, it
may occur in 5% of all newborn infants and in
15% of preterm infants with a weight of less than
1000 grams and born with less than 28 weeks of
gestation.”

Studies that used whole-body chlorhexidine
bathing as the main intervention did not evidence
a significant increase in the risk of exanthema
in newborn infants using 0.6% chlorhexidine in
sterile water.?

The evidence regarding the side effects of
buildup in the blood of infants cleansed with
chlorhexidine-impregnated cloths on a daily basis
is not clear. It is not possible to compare studies
available in the literature because no trial has
been conducted using standardized sampling.
The higher reported levels have been attributed
to contamination that may have occurred during
heel blood sampling versus puncture blood
sampling. No correlation has been established
between blood levels and subjects” age, time of
use, or the number of prior baths.?"* There are
case series that reported chlorhexidine accidental
intake, and side effects resolved once exposure
was interrupted.??*

CONCLUSIONS

Considering that skin colonization with
potentially pathogenic microbial flora typical of
the hospital setting is a risk factor for healthcare-
associated infections, and topical chlorhexidine
has demonstrated to reduce skin colonization
rates in the skin of patients with potentially
pathogenic microorganisms with minimal side
effects, chlorhexidine bathing may be an effective,
easily applicable, and low cost strategy for
newborn infants hospitalized at the NICU who
have a high risk of nosocomial infections. We
recommend using 0.5%-1% chlorhexidine, which
has proven to be safe for the neonatal population.
Although 2% chlorhexidine is considered
category IA by the Centers for Disease Control
and Prevention (CDC), it requires to be validated
in the neonatal population. Further studies
are required to standardize this intervention,
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especially among preterm and low birth weight
newborn infants.

At present, the main use of alcohol- or water-
based 2% chlorhexidine skin preparations is
skin disinfection prior to peripheral vascular
device and central venous line insertion. These
preparations are also used to disinfect the skin
prior to invasive or surgical procedures. Another
common use for alcohol- or water-based 2%
chlorhexidine is umbilical cord care both in the
hospital setting and at a community level. At
the intensive care unit, chlorhexidine bathing is
preferably done using chlorhexidine dilutions at
1% or lower; it is used in term and preterm stable
newborn infants during their weight gain period,
in general, if they are at least two weeks old and
were born after at least 28 weeks of gestation with
a birth weight of more than 1500 grams. B
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