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Abstract

Objectives: to evaluate the association between the time to initiate the first skin-to-skin contact
(SSC) and the daily practice time with the rates of late-onset sepsis in newborns <I1,800g.

Methods: a multicentric cohort study was carried out at the neonatal units located in three Brazilian
geographic regions. The SSC time was recorded in individual files by the hospital staff and the newborn's
parents. Maternal and neonatal data were obtained from medical records and through questionnaires
applied to the mothers. Data analysis was carried out using a tree algorithm classification, which
divided the data set into mutually exclusive subsets that best described the variable response.

Results: 405 newborns participated in the study, with an average of 31.3 + 2.7 weeks and 1,412g
(OR=1,164-1,605g) as a median birth weight. The first SSC was carried out within 137 hours of life
(5.7 days) was associated with a lower rate of late sepsis (p=0.02) for newborns who underwent
daily SSC of 112.5 to 174.7 min/day (1.9 to 2.9h/day), with a reduction in the sepsis rate from 39.3%
to 27.5%. Furthermore, the duration of SSC >174.7min/day (>2.9h/day) was relevant (p<0.001) for
newborns who weighed > 1,344g, with a reduction in this rate from 24.1% to 6%.

Conclusions: SSP has been proven to be significant in reducing late-onset sepsis rates in preterm
newborns, especially when carried out in a timely manner (<5.7 days) and prolonged (>2.9h/day).

Key words Kangaroo-mother care method, Infant, low birth weight, Infant, premature, Neonatal
sepsis

This article is published in Open Access under the Creative Commons Attribution http://dx.doi.org/10.1590/1806-9304202400000168-en
license, which allows use, distribution, and reproduction in any medium, without

restrictions, as long as the original work is correctly cited. Rev. Bras. Saude Mater. Infant., Recife, 24: 20230168 1


http://orcid.org/0000-0002-7858-4195
http://orcid.org/0000-0003-3231-7793
http://orcid.org/0000-0003-2903-6915
http://orcid.org/0000-0001-9711-0182
http://orcid.org/0000-0002-8656-205X
http://orcid.org/0000-0001-6816-2047
http://orcid.org/0000-0002-7514-1508
http://orcid.org/0000-0002-9332-0542

Lamy-Filho F et al.

Introduction

Neonatal deaths account for 44% of infant mortality
in developing countries and are mainly related to
prematurity, asphyxia at birth and the occurrence
of infections in newborns (NB).! In order to reduce
unfavorable neonatal outcomes, such as reducing late-
onset neonatal sepsis, the World Health Organization
(WHO) has recommended the practice of skin-to-skin
contact (SSC), which should be started as soon as the
NB has reached clinical stability.?

SSC is a light technology that consists of placing
the NB, free of clothing, in skin-to-skin contact on the
mother’s or father’s chest, in a prone position, for as long
as it is comfortable for both. Initially conceptualized in
Colombia in 1978, it has spread to several countries around
the world and has been the subject of important studies
that have proven its effectiveness in reducing morbidity
and mortality in the neonatal period.**

Studies have pointed out to the influence of different
times when SSC is practiced in reducing late-onset sepsis
rates. In an investigation carried out in France, the authors
observed an association between SSC performed for three
hours or more a day with a reduction in late-onset sepsis;®
the same association was observed in a study in Ukraine,*
while in the Philippines this association occurred with
SSC time greater than or equal to four hours/day.” Another
multicenter, randomized study that analyzed immediate
SSC, observed a reduction in rates of suspected sepsis
with a median time on the first contact of 1.3 hours and a
daily practice of SSC in the neonatal intensive care unit
(NICU) of 16.9 hours.?

Meta-analyses carried out in important systematic
reviews did not find conclusive results regarding the daily
time of SSC associated with a lower infection rate in NB
low birth weight due to the great variation in the time used
in each primary study.>* Therefore, there is currently no
consensus on the appropriate time to start this first contact
after the NB is admitted to Neonatal Units, as well as on
what daily time for SSC is necessary to observe an effect
in reducing late sepsis rates.

The aim of this study was to assess the association
between the time to initiate the first SSC and the daily time
practiced with the rate of late-onset sepsis in newborns
weighing <1,800g during neonatal hospitalization.

Methods

This is a multicenter observational prospective cohort
study carried out between May 2018 and March 2020.

Five Brazilian neonatal units participated in this study,
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two were from the Northeast, two from the Southeast and
one from the South.

All live births in these institutions during the study
period that met the following criteria were considered
eligible: single childbirth, birth weight up to 1,800g, no
malformations, severe perinatal asphyxia and/or genetic
syndromes. The non-inclusion and exclusion criteria, as
well as the losses, are detailed in the sample flowchart
(Figure 1). Women with psychiatric or behavioral disorders
and HIV-positive (Human Immunodeficiency Virus) were
not included in the study. Some women were excluded
from the sample according to the criteria detailed in
Figure 1.

For this reseach, the minimum sample size was
estimated at 357 dyads. This quantitative was based on
a pilot study which considered an exposed/unexposed
ratio of 06 and a risk difference of 23%. A bilateral
significance level of 95%, power of 99% and type
I error of 5% were considered. The pilot study was
carried out in the first stage of the multicenter project,
implemented in May 2018, with the aim of establishing
parameters that would enable sample calculation, as
well as providing data that was incorporated into the
total study sample. The calculation of 357 dyads refers
to the minimum necessary to represent the reliability
of the results, however the total sample exceeded the
number of participants to 405 dyads.

Maternal and neonatal variables were collected
using questionnaires administered to mothers and
supplemented with data from medical records during
the neonate’s hospitalization. The length of SSC was
registered on cards attached to the hospital bed and
filled in by the health team after hospitalization to the
neonatal unit. Parents were also trained to fill in the SSC
registration, under the supervision of the health team.
The card registration has a start and end time for each
SSC, as well as who performed it (mother or father).
These registrations were checked daily by previously
trained auxiliary researchers who made contact with the
parents and health professionals, as well as consolidating
the data in the NB’s medical records.

For the statistical analysis was considered, the
outcome variable “late-onset sepsis”, was defined
when its diagnostical evidence (clinical/laboratory/
microbiological) occurred after the first 48 hours of
the newborn’s life, while they were hospitalized in
a neonatal care unit, duly registered in the medical
records.’

The explanatory variables were defined from a
theoretical model, based on findings in the literature, to
investigate the association with the outcome under study.



Figure 1

Skin-to-skin contact and late-onset sepsis

Sample Flowchart.

HIV= Human Immunodeficiency Virus; NB= Newborn; CNS=Central Nervous System.

The explanatory variables for women were: age
(under 20, 20 to 34 and over 35); schooling (no schooling/
incomplete primary schooling; complete primary
schooling/incomplete secondary schooling; complete
secondary schooling/incomplete higher education and
complete higher education); marital status (with partner
and without partner); prenatal adequacy (adequate or no
prenatal care / inadequate), prenatal care was considered

adequate if it began up to the 4™ month of pregnancy

and six or more consultations were made for a full-term
pregnancy or fewer according to gestational age at the
time of delivery (three consultations up to 29 weeks;
four consultations between 30 and 33 weeks and five
consultations between 34 and 36 weeks),!’ pregnancy-
specific hypertensive syndrome (PSHS); history of
infection during pregnancy; use of alcohol during
pregnancy; use of corticosteroids before delivery and birth

route (vaginal or cesarean).

Rev. Bras. Saude Mater. Infant., Recife, 24: €20230168



Lamy-Filho F et al.

The newborn’s variables were: birth weight, measured
in grams; gestational age at birth, calculated by the date of
the last menstruation or by first trimester ultrasound or by
the New Ballard score, expressed in days and transformed
into weeks for analysis; weight adequacy for gestational
age, categorized as AIG, PIG or GIG (adequate, small or
large for gestational age), according to the Intergrowth
21 second classification;'' Score for Neonatal Acute
Physiology - Perinatal Extension II (Snappe II), scored
from 0 to 162;'> APGAR at the 5" minute of life, scored
from 0 to 10;' early infection, when it occurred within
the first 48 hours of the newborn’s life.’

The variable referring to the daily time of exposure
to SSC during hospitalization days was measured in total
minutes, then calculated in minutes per day (total time of
SSC during hospitalization divided by the number of days
in which this contact was made with one of the parents).

The variable referring to the first SSC was registered
as the total number of hours in which this first contact took
place after the NB’s hospitalization.

The data collected was tabulated in a Google
Form tool and then exported to a Microsoft Office
Excel spreadsheet, version 2016. Quantitative data was
represented by mean and standard deviation or medians
and interquartile ranges, depending on its distribution
and normality criteria, and categorical variables were
presented as frequencies and percentages.

For the statistical analysis of the theoretical model
with the selected variables identified above, a non-
parametric method was used, based on learning machine
(artificial intelligence): the Classification Tree.!*
The dependent variable used was “late-onset sepsis”,
considered as the “root node” of this tree. Next, the
variable inserted was ”SSC/day” was inserted as the first
”descendant node”, and from there, using logical tests, an

Table 1

algorithm was generated which was selected and identified
as the “other descendant nodes” from the set of maternal
and child predictor variables defined in the theoretical
model.This process was carried out until there was no
further division of these nodes, ending the growth of
the tree into “terminal nodes”. By analyzing continuous
variables, the algorithm determined the most statistically
appropriate cut-off points.'® Thus, the aim of this process
was to find the cut-off points for SSC time that were
associated with late-onset sepsis during hospitalization.
To build the classification tree, the entire set of selected
maternal and child variables was entered into IBM SPSS
21 software.

The descriptive results of the sample were analyzed
using the Stata 14.0 statistical package. For data analysis,
significance levels were set at 5% and 95% confidence
intervals (C195%) were adopted.

The research was approved by the institutional
Research Ethics Committee, under opinion number
2.570.959 (CAAE: 83803817.0.1001.5086).

Results

A total of 405 dyads were analyzed (Figure 1), with
a mean gestational age of 31.3 £ 2.7 weeks and a median
weight of 1,412 (1,164-1,605) grams. The rate of late-onset
sepsis during hospitalization was 29.1%. Other newborns’
characteristics are shown in Table 1and Table 2 describing
the maternal characteristics.

Figure 2 presents the classification tree with the
outcome of late-onset sepsis, according to maternal and
newborn characteristics. This tree has eight nodes, five
of which are terminal. The tree shows the relationship
between the dyads characteristics at three levels of depth,

with none of the maternal characteristics remaining

Characterization of newborns weighing up to 1,800g (n=405) hospitalized in five Brazilian neonatal units. Brazil, 2018-2020.

Characteristics

Result

Small for gestational age *

Adequate for gestational age *

Male*

Early Sepsis*

Late Sepsis*

Gestational age (weeks)**

Weight (grams)***

5% minute Apgar Score **

SNAPPE [[***

First skin-to-skin contact (in hours) ***
Total skin-to-skin contact per day (minutes)***

Length of hospitalization (days)***

139 (34.3%)
257 (63.5%)
208 (51.4%)
105 (25.9%)
118 (29.1%)
31327
1412(1164 - 1605)
8+0.93
5 (0-15)
110 (72-192)
147.02 (106.73-263.05)
34 (25-52)

SNAPE Il = Score for Neonatal Acute Physiology - Perinatal Extension II; *variables expressed as n and %; **variables expressed as mean * standard deviation; ***variables

expressed as median and interquatilr range Q1-Q3.
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Table 2

Skin-to-skin contact and late-onset sepsis

Demographic, socioeconomic and gestational characteristics of mothers of newborns weighing up to 1,800g (n=405) hospitalized in five Brazi-

lian neonatal units. Brazil, 2018-2020.

Characteristics N %
Age (years)
<20 66 16.3
20-34 257 63.5
>35 82 20.2
Schooling
No schooling/incomplete ES 47 11.8
Complete ES/incomplete HS 108 271
Complete HS/incomplete university 200 50.3
Higher education completed 43 10.8
Marital status with partner 330 82.1
Adequate prenatal care 314 77.5
Use of antenatal corticoids 307 75.8
SHSP 211 52.1
Infection during pregnancy 159 39.3
Cesarean delivery 270 66.7
Alcohol use during pregnancy 37 9.1

ES= Elementary School; HS= High School; SHSP= Specific Hypertensive Syndrome of Pregnancy.

Figure 2

Classification tree of late-onset sepsis and maternal and child characteristics. Brazil, 2018-2020.

associated with the outcome in the explanatory model.
The most relevant characteristics found were: onset time
to the first SSC <137h (5.7 days) and NB’s birth weight
>1,344 grams.

The introduction of SSC time/day as the explanatory

variable closest to the outcome generated three descending
nodes (SSC <112.5; between 112.5-174.7 and >174.7
min/day), but showed no significant association with

this variable (p=0.42). However, the second node showed
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that the NB group who practiced SSC daily was between
112.5 and 174.7 min/day (1.9 hours/day to 2.9 hours/day),
when they performed their first SSC up to 137 hours old
(<5.7 days) was associated with lower rates of late sepsis
than those who did it later (27.5 versus 54.7%), which
represented a reduction in late sepsis rates from 39.3% to
27.5% in this group.

The third node showed that NBs who performed SSC
daily was >174.7 min/day (>2.9 hours/day) and were born
weighing >1,344 grams had lower rates of late-onset sepsis
(6%) compared to those who were born weighing less
(53.2%), which represented a reduction of 24.1% to 6%

in the rates of late-onset sepsis in this group.

Discussion

This study showed that NB who underwent SSC between
112.5 and 174.7 minutes/day (1.9 hours to 2.9 hours/day)
and had their first contact after birth within 137 minutes of
life (<5.7 days) had lower rates of late-onset sepsis, with
a reduction in these rates from 39.3% to 27.5%. It was
also observed that performing SSC daily for longer than
174.7 min/day (>2.9 hours/day) is associated with lower
rates of late-onset sepsis for NB born weighing >1,344g,
with a reduction in late-onset sepsis from 24.1% to 6%
in this group.

Important systematic reviews have shown that
newborns with low birth weight (<2,500 grams) who
underwent SSC during hospitalization had a lower rate
of late-onset sepsis compared to those who underwent
conventional care.’* The present study showed that
performing the first SSC in a more timely manner (<5.7
days of the newborn’s life) significantly modifies the
rates of late-onset sepsis in preterm newborns. Arya et
al.'® observed that mortality related to neonatal sepsis was
37% lower in the NB group who underwent SSC within
the first two hours of life. Other studies have pointed to
the importance of early initiation of this contact, after
hospitalization to the NICU, as a form of protection against
these infections.>%® Current findings also point out to the
initiation time of the first SSC as an important factor in
reducing rates of late sepsis, indicating that the opportune
time for this first contact should not be missed.

One theory that could explain the protection of SSC
performed earlier in reducing late-onset sepsis concerns
the protection of the microbiome of the NB admitted to
the NICU. The human microbiome influences the immune
system and plays a significant role in both the prevention
and acquisition of the disease issues. Preterm neonates are
more vulnerable in developing an altered microbiome due
to the direct and prolonged contact that they are exposed

to in an atypical environment such as the NICU.!” Another
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hypothesis for altering the microbiome would be the form
of birth.

Children born through the vaginal have intestinal
microbial content similar to that of the maternal vaginal
and intestinal flora, which includes commensal bacteria
such as Bacteroides, Bifidobacterium, Clostridium and
lactic acid bacteria, while those born by cesarean section
are colonized by skin bacteria (such as Staphylococcus,
Corynebacterium, Propionibacterium sp.) which delays
the colonization and establishment of those commensal
bacteria in the NB’s intestine.'®!° In addition, preterm
NBs have low bacterial diversity, composed of a higher
proportion of Proteobacteria and Enterococcus in the gut
compared to non-preterm NBs.?

Due to these factors, preterm NBs, usually born
by cesarean section, with low diversity in the intestinal
microbiome and exposed to a complex hospital
environment such as the NICU, whose microbiological
flora is often formed with pathogenic strains, are more
prone in developing late-onset neonatal sepsis than NBs
at term.'” A Brazilian study has shown that it is possible
to decolonize hospital bacterial strains through maternal
commensal flora exchanges, associated with daily SSC.?!
Therefore, the earlier and more regularly SSC is carried
out, the greater the possibility of the non-pathogenic flora
of the mother and father colonizing the NB’s body, which
could have a significant impact on reducing late-onset
sepsis rates.

Birth weight (>1,344g) was also another variable
associated with a lower rate of late-onset sepsis in the
current study, especially for the NB group who underwent
SSC daily for a longer time (>2.9 hours/day). According
to the Intergrowth scale 21, NB <1,344g correspond,
in large proportion, to the very preterm,'' and this
group is subject to additional complications such as
intraventricular hemorrhage, retinopathy and necrotizing
enterocolitis.’> In addition, they remain in the hospital
for long periods, which contributes to greater exposure
to hospital pathogens in a body that is more fragile due
to its biological immaturity, justifying a high infection
rate found in this group. However, SSC should be
encouraged in this group of very preterm infants, in order
to contribute to other benefits already demonstrated in
the literature, such as maternal bonding,? shorter time to
reach a complete enteral diet,?* exclusive breastfeeding,>2
neuroprotection,?’ stress reduction,?® among others.

On the other hand, in the present study, preterm NBs
with a birth weight greater than 1,344g benefited from
longer use of SSC (>2.9 hours/day) in reducing rates of
late-onset sepsis. This demonstrates the impact that longer
practice of this technology can have on the control of
neonatal infections.



A WHO clinical trial showed a reduction in neonatal
deaths and cases of suspected sepsis in the group that
performed the first SSC immediately (median 1.3 hours)
and for a longer daily time during NICU stay (median
16.9 hours/day) compared to the control group.Another
clinical trial, carried out in the Philippines, found that
practicing SSC for at least four hours a day was associated
with a reduction in morbidities (necrotizing enterecolitis
and neonatal sepsis) in preterm infants undergoing nasal
Continuous Positive Airway Pressure (CPAP) respiratory
support.” A systematic review with meta-analysis showed
greater benefits on neonatal mortality and a probable
reduction in neonatal clinical sepsis when SSC was
performed for at least eight hours a day.”

Some authors theorize that the reduction in infection
and mortality rates is due to the possibility of the NB being
colonized with the maternal microbiome, besides a greater
likelihood of early breastfeeding, less handling of the NB
by other people, a reduction in stress levels due to the
mother’s presence and the mother’s constant monitoring
of her child.®?*?® Therefore, the mother’s presence in the
NICU, practicing SSC for a longer period of time, is of
fundamental importance in order to achieve lower rates
of late-onset sepsis and, consequently, a reduction in
neonatal deaths.

A limitation of this study is that the neonatal units
of the different study centers were not evaluated as
independent variables, which may have influenced the
analysis of late-onset sepsis rates.

The participation of five institutions from three
different regions of the country can be considered a
positive point of the study, as well as the fact that the
data was collected prospectively. Also noteworthy was
the choice of a method that allowed us to observe cut-off
points for the time of the onset and daily contact of SSC
associated with late infections.Using the “Classification
Tree”,'* we were able to create an explanatory model for
this outcome, which was adjusted by various variables,
and place the practice of SSC in this context.

This study identified a time of up to 137 minutes
(< 5.7 days) to perform the first SSC in the NICU and
observed a positive effect on reducing late sepsis in
neonates who practiced 112.5 to 174.7 minutes/day (1.9
hours to 2.9 hours/day) of SSC. It also showed that longer
SSC during neonatal hospitalization (>2.9 hours/day)
was associated with a significant reduction in late-onset
sepsis in those born weighing more than 1,344g. Studies
that present cut-off points for the start time and duration
of daily SSC practice are important to guide health teams

to work in neonatal care.

Skin-to-skin contact and late-onset sepsis
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