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Abstract

Objectives: to investigate the association between Vertically Transmitted Infections (VTI)
and Extrauterine Growth Restriction (EUGR) among premature infants in Neonatal Intensive
Care Units (NICU).

Methods: part of a large non-concurrent cohort study with medical records analysis. We
evaluated EUGR in premature infants at a gestational age at birth of > 32 weeks and <36
weeks and presented a corrected gestational age of 36 completed weeks during a 27-day birth
follow-up. Premature infants with major congenital anomalies were excluded. We analyzed
associations among EUGR, VTI and covariables related to maternal disease, birth characte-
ristics, perinatal morbidities and clinical practices.

Results: out of the 91 premature infants, 59.3% (C195%=48.9-69.0%) developed EUGR.
VTI were observed in 4.4% of the population; all premature infants affected by VTI had
EUGR. The VTI found were syphilis, cytomegalovirus disease and toxoplasmosis. The final
analysis has showed a positive association between VTI and EUGR (RR=1.57; CI195%=1.07-
2.30); the female covariables (RR=1.50; CI195%=1.11-2.02), moderate premature classifica-
tion (RR=1.41; C195%=1.06-1.87) and small for gestational age (RR=2.69; C195% 1.85-
3.90) have also influenced this outcome.

Conclusion: this study revealed VTI as an important morbidity factor, with impact on the
increased risk of EUGR between premature infants affected by these diseases.
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Introduction

Growth evaluation and surveillance are essential for
a good monitoring of preterm neonates. Being a
preterm should be considered as a condition that
predisposes the neonate to nutritional risk due to
several limitations resulting from preterm birth, such
as incomplete development of organic systems and
the presence of several comorbidities, especially
those related to digestion and absorption of nutri-
ents.!

Several services have observed the universal
occurrence of growth restrictions after birth and a
higher incidence in the group of preterm neonates,2.3
and for this morbidity the term, Extrauterine Growth
Restriction (EUGR) was defined. EUGR is a marker
of severe nutritional deficit in the first weeks of life,
and can be diagnosed at 36 or 40 weeks of corrected
gestational age (CGA) based on intrauterine or post-
natal growth reference curves.4

Complications resulting from EUGR in the
initial period of life can result in permanent alte-
rations for the child, decreasing central nervous
system development, cognition, and somatic
growth.5 In addition, these complications can persist
even in adulthood, promoting the onset of several
chronic diseases such as coronary artery disease,
type 2 diabetes mellitus, cancer, osteoporosis, and a
variety of psychiatric diseases.6

Some authors reported that several factors can
determine the impact growth in the postnatal period,
interacting in a complex way for the occurrence of
EUGR. They include genetic and environmental
factors such as inadequate nutrition during the fetal
and neonatal period, hospitalizations, drug treat-
ments, endocrine abnormalities, and morbidities
related to prematurity itself.4.7.8,9 Other conditions
can also influence the occurrence of EUGR in
preterm newborns, such as “small for gestational
age” (SGA) classification, low birth weight, and the
need for resuscitation at birth.7,10

However, there are still some gaps in the studies,
mainly related to factors possibly associated with
EUGR that have not been investigated yet. In Brazil,
some infectious conditions are still prevalent in the
population, which acquire greater relevance when
affecting pregnant women and represent risks for the
fetus and newborns,!1 especially in case of preterm.
According to Madrid et al.,12 vertically transmitted
infections (VTI) significantly influence neonatal and
infant morbidity and mortality rates and can cause
severe consequences for the newborn, contributing
with the occurrence of congenital malformations,
tissue injuries, and death due to prematurity and low
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weight at birth. The transmission of these infections
occurs more frequently through the placenta, after
the mother is infected, or through direct transmission
through the cervix during pregnancy. There are
several infectious causes related to these diseases,
such as cytomegalovirus, Toxoplasma gondii,
syphilis, herpes, hepatitis B and C, HIV, HTLV, and
others being documented in the literature.13

In Brazil, prenatal screening for these diseases
has been performed as an early detection and
damage reduction strategy, considering that VTI are
public health problems that severely impact maternal
and infant health.14 A study conducted by S&o Pedro
et al.15 in the state of Bahia evaluated 64,743 preg-
nant women that were tested and observed a higher
prevalence of syphilis and toxoplasmosis in the
Southwest and South macro regions of the state.

Considering this scenario, this study raised the
hypothesis that VTI may also interfere with the
growth of preterm children. Thus, this manuscript
aimed to investigate the association between VTI
and EUGR in preterm infants admitted to Neonatal
Intensive Care Units (NICU) in the Southwest of
Babhia.

Methods

This research was derived from a non-concurrent
hospital-based cohort study called Coorte Nascer
Prematuro (Preterm Born Cohort), with documen-
tary analysis of the medical records of preterm
newborns admitted to the NICU at three hospitals in
a city in the Northeast of Brazil from January 1,
2016 to December 31, 2017.

The study was conducted in a medium-sized city
that provides NICU services in three units, which
use standardized clinical and nutritional practices
and similar clinical protocols and have equal adhe-
rence levels.

The data were collected from the medical
records of hospitalized preterm infants and stored in
the Medical Archives and Statistics Service at the
hospitals, using a specific questionnaire from Nascer
para o Brasil (Born for Brazil) survey. Data collec-
tion was performed by voluntary trained health
researchers under the supervision of neonatolo-
gists.16 A pilot study was conducted in May 2018 to
improve the instrument, standardize and to test field
logistics, which included about 20% of the total
number of medical records from the three NICU
between November to December 2015. Data collec-
tion was conducted from June 2018 to May 2019
using tablets containing a digital questionnaire
generated by Kobo Toolbox 1.4.8® application.



This part of the collection included a group of
preterm infants with gestational age (GA) at birth >
32 and <36 weeks, presenting a CGA of 36 complete
weeks within the 27-day follow-up period, and
hospitalized at the neonatal unit.

Newborns with major congenital anomalies were
excluded from the study (severe anatomical changes
such as complex congenital heart defects, gastroin-
testinal tract atresia, abdominal wall defects, hydro-
cephalus, encephalocele, and diaphragmatic hernia).
The dependent variable used in the study was EUGR
in preterm infants at CGA of 36 weeks, being
dichotomized as no or yes. To identify the newborns
with EUGR, the weight at CGA of 36 weeks was
compared, considering as preterm infants the ones
who had a weight z score < —2 by specific growth
curves for preterm infants.17

The main independent variable studied was VTI
(no or yes), characterized by the occurrence of at
least one type of VTI (toxoplasmosis, rubella,
syphilis, cytomegalovirus, herpes, HIV).

The covariables for adjustment were related to
the following blocks: hypertensive disease during
pregnancy, birth characteristics, neonatal morbidi-
ties, and clinical practices.

The qualitative variable related to the presence
of hypertensive disease during pregnancy (pre-
eclampsia, eclampsia, hypertensive disorder of preg-
nancy, HELLP syndrome) was dichotomized in no
or yes.

The birth characteristics analyzed were: sex
(male, female); birth weight (in grams), categorized
as greater than 1500g or less than 1500g; and GA,
classified as late preterm (between 34 weeks and 36
weeks and six days) or moderate preterm (from 32
weeks to 33 weeks and six days).18 GA was defined
by the obstetric estimate, preferably using the date
of the last menstruation, followed by ultrasound, and
finally the GA estimated by the New Ballard and/or
the Capurro method. Neonates with a birth weight z
score less than -1.29 (10% percentile) were defined
as SGA (No or Yes)!9 according to the Intergrowth-
21 curves. The variable intrauterine growth restric-
tion was categorically created and evaluated as no or
yes.

The neonatal morbidities (evaluated as no or yes)
correspond to the following diseases: early sepsis,
late sepsis, and respiratory distress syndrome.

Clinical practices were evaluated by the vari-
ables need for resuscitation procedures in the
delivery room, use of oxygen at 36 weeks, number
of days without enteral feeding, and time of supple-
mental oxygen use (in days). The last two variables
were numerical, and the others were categorical (no
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or yes).

Descriptive analyses were performed by using
frequency measurements for categorical variables,
and medians, and minimum and maximum values for
numerical variables. Normality tests were performed
for continuous numerical variables (graphical
analysis, Shapiro-Wilk, mean and median evalua-
tion, and among others), all presenting non-para-
metric distribution.

The Poisson regression with robust variance was
used for bivariate analysis between categorical vari-
ables and outcomes, and the Wald test was used to
estimate the p value. The medians of the quantitative
variables were compared using the Mann-Whitney-
Wilcoxon test. The relative risks (RR) for the occur-
rence of EUGR and their respective 95% confidence
intervals (CI95%) were also estimated.

The Stepwise Backward method was used for
multivariate analysis with the inclusion of explana-
tory variables associated with the outcome at a
significance level below 20% in bivariate analysis. A
significance level of less than 5% was used for the
permanence of the variables in the final model. The
models were compared using the Akaike criterion,
and the adequacy was evaluated by the chi-square
test. The Stata statistical software version 15.0 (Stata
Corporation, College Station, USA) was used for
data coding and statistical analysis.

The research was approved by the Research
Ethics Committee of the Multidisciplinary Health
Institute, Anisio Teixeira Campus, Universidade
Federal da Bahia, on February 5, 2018, under CAAE
number: 79450717.4.0000.5556.

Results

A total of 592 medical records of preterm infants
were surveyed, of which 37 were excluded due to
major malformations. Of the 555 eligible medical
records, 155 were not found, leaving 400 preterm
infants for the final sample. Of these, 91 medical
records of preterm infants at CGA of 36 weeks
remained in the study, since 40 preterm infants with
GA at birth > 36 weeks (or 252 days of life), 182 did
not reach a CGA of 36 weeks during hospitalization
(born with GA < 32 weeks and one day, or 225 days),
84 were discharged, and three died before the CGA
of 36 weeks were excluded (Figure 1).

Of the 91 preterm infants, 59.3% (CI95%= 48.9
- 69.0%) developed EUGR (Figure 2). All preterm
infants with VTI had EUGR. VTI was observed in
4.4% of the population (Table 1). Of those infected,
Syphilis was the most frequent disease, followed by
cytomegalovirus and toxoplasmosis.

Rev. Bras. Saude Mater. Infant., Recife, 21 (1): 107-115 jan-mar., 2021

109



Vieira VC et al.

More than half of the newborns evaluated were
males (55.0%), and 23.1% had birth weight below
1,500g. GA at birth ranged from 326/7 to 35 weeks5/7,
with 68.1% late and 31.9% moderate preterm
infants. The SGA classification included 44.0%,
15.3% had intrauterine restricted growth, and 29.7%
were babies of mothers who had hypertensive
disease during pregnancy. Resuscitation in the
delivery room was necessary for 40.7% of the
preterm infants, and 5.3% were using oxygen at 36
weeks of corrected age. Of the neonatal morbidities,
early sepsis was present in 56.0%, late sepsis in
18.7%, and respiratory distress syndrome in 22.0%
(Table 1).

Bivariate analysis showed a higher incidence of
EUGR in preterm females (70.7%), with birth
weight below 1,500g (90.5%), classified as moderate
preterm (75.9%) and SGA (92.5%), who had
intrauterine restricted growth (92.3%), and whose
mothers developed hypertensive disease during
pregnancy (77.8%) (Table 1).

Multiple analysis showed that VTI significantly
increased the risk of EUGR (RR = 1.57, CI95% =
1.07 - 2.30) in preterm infants. Females (RR = 1.50,
CI95% = 1.11 - 2.02), and classified as moderate
preterm (RR = 1.41, CI95% = 1.06 - 1.87) and SGA
(RR = 2.69, CI195% = 1.85 - 3.90) were also posi-
tively associated with the outcome in the final model
(Table 1).

Discussion

This study showed a high incidence of EUGR in
preterm infants admitted to NICU. VTI, which are
preventable by quality pre-conceptual and/or
prenatal care in most cases, increased the risk of
EUGR by 57%, even after adjusted for the sex
covariates, GA classification, and SGA.

Although EUGR is considered a universal occur-
rence in neonatal units, its frequency presents many
variations.3 A national Brazilian cross-sectional
study conducted in a NICU in 2010 showed a 29.3%
prevalence of restriction in preterm infants at CGA
of 36 weeks.9 Renau et a/.20 analyzed a group of 126
preterm infants using a fetal growth curve as a para-
meter and reported an EUGR prevalence of 66.0%.
However, when evaluating only extremely preterm
infants with the same GA in Canada, Shah et a/.21
found an EUGR frequency of 87.8%. The present
study found an incidence of 59.3%.

These differences can be explained by the use of
different growth evaluation curves in the studies.
This study used Intergrowth-21 curves as a reference
for this population, as recommended by the Brazilian
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Pediatric  Society and the World Health
Organization. They were chosen for being prescrip-
tive and longitudinal, thus suitable to evaluate
preterm infants, especially in the moderate and late
groups. EUGR evaluation using Intergrowth-21
curves decreased the risk of overdiagnosis, which
can occur with fetal growth curves. Currently, the
dynamics of fetal growth differs from the dynamics
of preterm growth, since weight gains inside and
outside the uterus are influenced by different biolo-
gical processes, and nutritional and environmental
restrictions. Weight gain in fetuses is greater than in
preterm infants, thus, the comparison of preterm
infants using fetal curves will possibly increase the
frequency of EUGR. Thus, fetuses and preterm
infants are in different groups, therefore requiring
the use of more specific curves.22

Villar et al.22 highlighted the importance of
EUGR overestimation, which can affect preterm
infants. Large nutritional increases to correct an
overestimated EUGR can lead to body structure
composition imbalances in preterm infants and
increase body fat proportion, possibly increasing the
incidence of cardiovascular diseases later in adult-
hood.22

Among the studies no methodological unifor-
mity were presented. The occurrence of EUGR is
investigated at different moments, either at discharge
or with a CGA of 36 or 40 weeks. The evaluation of
restriction at hospital discharge includes different
CGA, explaining the lower restriction frequencies.
Lima et al.7 conducted a longitudinal study between
2007 and 2011 in four neonatal units of the Perinatal
Care System (Rio de Janeiro) and reported an EUGR
frequency of 26% at hospital discharge. Clark et
al.23 used data from 124 NICU to review informa-
tion on 24,371 infants, identifying an EUGR inci-
dence of 28%. The present study presented higher
values because the evaluation was conducted with
preterm infants at CGA of 36 weeks, who were still
hospitalized in the NICU, and still had morbidities
associated with prematurity, thus undergoing a more
effective interference of these factors in growth.

The evaluation of restriction in groups with
different GA could also explain the different results
between studies. Younger preterm infants present
higher EUGR incidence.8 GA estimates were also
different, contributing to the occurrence of disagree-
ments between EUGR studies, in addition to the
different practices used in each service, including
nutritional practices.2,22

Authors state that EUGR occurs due to multiple
causes, some of which not yet elucidated.4.24 In this
context, VTI raised concerns about the interference



Figure 1

Vertically transmitted infections and extrauterine growth restriction

Flow diagram: medical records analyzed in the research.

Total of preterm infants

Excluded due to major malformations
n =37

n =592
Y
Eligible
n =555
Y

Total sample
n =400

Medical records not founds
n =155

Born with GA > 36 weeks (252 days)
n =40

Born with GA < 32 weeks (225 days)
n=182

Discharged before CGA = 36 weeks (252 days)
n=284

Amostra que atingiu IGC = 36 semanas (252 dias)
n=91

of this condition in the growth of preterm children,
since they are described as important causes of fetal
mortality and perinatal morbidity and mortality.!!
The higher risk of EUGR in preterm infants with
VTI may be related to the worse health conditions of
these newborns. Waldorf ef al.13 state that the pres-

Death before CGA = 36 weeks (252 days)
n=3

ence of maternal infection caused by bacteria,
viruses, and parasites can cause fetal death, multiple
organ damage, or limiting sequelae.13 When trans-
mitted to the fetus, these infections result in the
onset of systemic inflammatory responses whose
damages can extend to the postnatal period.
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Inflammatory processes increase the production of
cytokines such as IL6, IL8, TNF-o, which can cause
brain, gastrointestinal, ophthalmic, and lung disor-
ders. In addition, the prevalence of infections can
increase the occurrence of chorioamnionitis, being
frequently associated with preterm birth. The pres-
ence of these infections during pregnancy also
impairs placental development and, consequently,
adequate fetal growth.13,25

Intrauterine infections also contribute to the birth
of neonates with severe clinical conditions, with a
greater risk of developing bronchopulmonary
dysplasia, peri-intraventricular hemorrhage and
necrotizing enterocolitis.13,.25

Thus, potential VTI-related injuries that affect
fetuses and neonates can explain the results of this
study regarding the occurrence of EUGR in all
preterm infants affected by these infections.

Health services still face challenges and obsta-
cles to reduce the occurrence of VTI. In this context,
syphilis stands out as an important public health
problem,26 being the most common VTI in this
study. Regardless of the emergence of public poli-
cies to decrease the disease incidence, there is a
worldwide worsening of syphilis epidemic, with a

Figure 2

significant increase of the acquired form of the
disease and a consequent increase in congenital
syphilis.27 In 2013, the national mean was 3.3 cases
per 1,000 births. Thus, children continue to be born
infected despite the pregnant woman’s access to
prenatal care, the availability of diagnostic tests, and
the effectiveness of the treatment for pregnant
woman and the fetus.26

There was also a significant association between
the covariable sex and EUGR, corroborating with
other authors. The bivariate analysis showed a
higher occurrence of EUGR in females. The final
multivariate model also presented a higher risk in
females (RR = 1.50, CI95%=1.11 - 2.02). Gianini et
al.28 also found a lower frequency of EUGR in
males, with an odds ratio of 0.39 (CI95%= 0.20 -
0.80). Some studies state that this difference between
sexes, with superior postnatal neonate growth in
males, is due to multifactorial causes, among which
the best incorporation of muscle mass in boys.29

According to this study, it showed that neonates
with lower GA at birth are also exposed to a higher
risk of restriction, with moderate preterm infants
presenting a higher risk (RR = 1.41, CI95%=1.06 -
1.87) compared to late preterm infants. A published

Extrauterine Growth Restriction. Preterm Born Cohort, 2018, Brazil.

Present Absent
% Cl95%= 48.9 - 69.0 Cl95%= 31.0-51.1
60.0
n=>54
(59.3%)
50.0
40.0 n =37
(40.7%)
30.0
20.0
10.0
0.0

Extrauterine Growth Restriction (EUGR)
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Table 1

Vertically transmitted infections and extrauterine growth restriction

Descriptive, bivariate and multivariate analysis - Extrauterine Growth Restriction. Preterm Born Cohort, 2018, Brazil.

Variables

Total

EUGR present

Bivariate analysis

Multivariate analysis

RR (C195%) p RR (C195%) p
Vertically transmitted infections * <0.001+1 0.021
No 87 (95.6%) 50 (57.5%) 1.00 1.00
Yes 4 (4.4%) 4 (100%) 1.74 (1.45 - 2.09) 1.57 (1.07 - 2.30)
Hypertensive disease during pregnancy * 0.010t
No 64 (70.3%) 33 (51.6%) 1.00
Yes 27 (29.7%) 21 (77.8%) 1.51 (1.10 - 2.06)
Sex* 0.047t 0.008t
Male 50 (55.0%) 25 (50.0%) 1.00 1.00
Female 41 (45.0%) 29 (70.7%) 1.41 (1.01 - 1.99) 1.50 (1.11 - 2.02)
Birth weight * (g) <0.001%1
> 1.500 70 (76.9%) 35 (50.0%) 1.00
< 1.500 21 (23.1%) 19 (90.5%) 1.81(1.38 - 2.38)
Gestational age* 0.018t 0.017t
Late Preterm 62 (68.1%) 32 (51.6%) 1.00 1.00
Moderate Preterm 29 (31.9%) 22 (75.9%) 1.47 (1.07 - 2.02) 1.41 (1.06 - 1.87)
Small for gestational age* <0.001+ <0.001t
No 51 (56.0%) 17 (33.3%) 1.00 1.00
Yes 40 (44.0%) 37 (92.5%) 2.78 (1.86 - 4.14) 2.69 (1.85 - 3.90)
Intrauterine growth restriction <0.001+1
No 72 (84.7%) 36 (50.0%) 1.00
Yes 13 (15.3%) 12 (92.3%) 1.85 (1.39 - 2.44)
Early sepsis 0.329t
No 40 (44.0%) 26 (65.0%) 1.00
Yes 51 (56.0%) 28 (54.9%) 0.84 (0.60 - 1.19)
Late sepsis 0.601t
No 74 (81.3%) 43 (58.1%) 1.00
Yes 17 (18.7%) 11 (64.7%) 1.11 (0.74 - 1.67)
Respiratory distress syndrome 0.230t
No 71 (78.0%) 40 (56.3%) 1.00
Yes 20 (22.0%) 14 (70.0%) 1.24 (0.87 - 1.77)
The necessity of resuscitation in
the delivery room 0.369t
No 54 (59.3%) 30 (55.6%) 1.00
Yes 37 (40.7%) 24 (64.9%) 1.17 (0.83 - 1.64)
Use of oxygen at 36 weeks 0.612t
No 71 (94.7%) 46 (64.8%) 1.00
Yes 4 (5.3%) 2 (50.0%) 0.77 (0.28 - 2.10)
Asymmetric numeric variables Median EUGR present RR (CI195%) p
Median (min-max)
Number of days without enteral
feeding (in days) 1(0-9) 1(0-7) 0.99 (0.89 - 1.11) 0.905t
Time of supplemental oxygen use 4 (0 - 24) 4 (0 - 23) 1.00 (0.96 - 1.03) 0.846t

* Variables used in the adjusted analysis: vertically transmitted infections, hypertensive disease during pregnancy, sex, birth weight,
gestational age, small for gestational age.
t Wald test; RR= relative risk; CI195% = confidence interval.
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study by Cao et al.8 (2015), in China, reported that
the incidence of EUGR increased with decreasing
GA at birth.

Studies show that preterm neonate born SGA can
have an important impact on postnatal growth.
Freitas ef al.2 conducted a cross-sectional study in
2016 in Minas Gerais with 254 preterm infants
hospitalized in a neonatal unit, and observed that
being born SGA increased the chance of EUGR by
6.14 times, with 84% of preterm SGA presenting
restriction. A longitudinal study by Lima et al.7
analyzed a cohort of 570 preterm infants in Rio de
Janeiro and reported that the risk factor with the
greatest impact was being born SGA, with a 4.33-
fold had greater chance of growth restriction at
discharge. Our results also demonstrated an impor-
tant association of this covariate with the EUGR
outcome. The SGA classification increased the
chance by 2.69 (CI195% = 1.85-3.90), and 92.5% of
preterm infants born SGA presented EUGR.

This study may have limitations related to a
possible information bias due to data collection from
medical records. Thus, the analysis of the presence
of hypertensive disease during pregnancy, birth cha-
racteristics, neonatal morbidities, and clinical prac-
tices were prioritized because these data were
considered more consistent and reliable. Some
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