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Abstract
Objective: This study aimed to assess the incidence of small for gestational age (SGA) newborns in 
pregnant women infected with COVID-19 and examine the associated neonatal outcomes.

Methods: This study involved a secondary analysis of the REBRACO Network, a prospective cohort 
study conducted in 15 maternity hospitals in Brazil before the introduction of COVID-19 vaccination 
(February 2020 to February 2021). Demographic data of pregnant women tested for COVID-19 were 
analyzed, and fetal outcomes were compared between women with positive and negative COVID-19 
results who had SGA fetuses.

Results: A total of 729 symptomatic pregnant women with COVID-19 were included in the study. 
However, there were 248 participants with missing information regarding childbirth or loss of follow-
up, and 107 participants without confirmatory tests for COVID-19. Among the remaining participants, 
198 had confirmed COVID-19 and 176 tested negative. The incidence of SGA among women with 
COVID-19 was 22.4%, whereas the incidence among women who tested negative for COVID-19 was 
14.8%. SGA newborns born to COVID-19 positive pregnant women were 1.6 times more likely to 
experience adverse outcomes (such as prematurity, stillbirth, neonatal death, and admission to a 
neonatal ICU) compared to non-SGA newborns [OR = 1.655 (1.145 – 2.394); P=0.017]. In SGA newborns 
of pregnant women with confirmed COVID-19 infection, mechanical ventilation use was found to be 
associated with the infection [OR = 0.692 (0.562 – 0.853); P=0.002].

Conclusion: The higher incidence of SGA newborns and its stronger association with prematurity in 
pregnant women with confirmed COVID-19 infection suggest that COVID-19 infection is a significant 
factor contributing to neonatal morbidity and mortality.
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Introduction
The COVID-19 pandemic had a significant impact on the glob-

al population’s health. The disease manifests with a wide 

range of symptoms, from asymptomatic to severe illness, 

commonly including cough, fever, myalgia, sore throat, and 

headache. In severe cases, it can lead to pneumonia, septic 

shock, and multiple organ failure. Consequently, special at-

tention has been given to specific populations by healthcare 

professionals, including pregnant women.(1,2) 

Although a large proportion of pregnant women infect-

ed with the coronavirus experience a smooth progression 

without complications, it is known that COVID-19 results in 

higher maternal, and fetal morbidity and mortality.(3-5) In par-

ticular, there is concern regarding the impact of infection 

during pregnancy on perinatal complications.(6-8) However, 

some studies have not found a clear association between 

COVID-19 and these complications.(9,10) Nevertheless, paying 

special attention to this aspect is crucial due to the poten-

tial to alter child development.(11)

COVID-19 can lead to adverse outcomes such as abor-

tion, premature birth, fetal growth restriction, and fetal 

death.(4,12-20) However, there is still controversy regarding 

whether COVID-19 infection affects fetal growth, as some 

studies have not observed this association.(7,19,21) Birth 

weight, as an indicator of immediate health conditions, can 

be correlated with neonatal morbidity and overall child de-

velopment.(22) 

Hence, COVID-19 infection has the potential to affect 

the health and development of an entire generation of chil-

dren, with unpredictable consequences. This requires a 

healthcare system capable of addressing the challenges 

posed by this demand. The present study aims to evaluate 

the incidence and associated factors of small for gestation-

al age (SGA) newborns in pregnant women infected with 

COVID-19.

Methods
This study was a secondary analysis of data from the 

Brazilian REBRACO Network, a national multicenter cohort 

study that aimed to understand the impact of COVID-19 

during pregnancy in a Brazilian obstetric population. Data 

for outpatient and inpatient data were collected from 01 

February 2020 to 28 February 2021, before the implementa-

tion of vaccination against COVID-19 infection. 

Eligibility criteria included pregnant women who at-

tended obstetrical services of the participating centers pre-

senting flu-like symptoms. 

Flu-like symptoms considered were fever, cough, short-

ness of breath, sputum production, nasal or conjunctival 

congestion, difficulty swallowing, sore throat, runny nose, 

and clinical signs of respiratory distress or effort, such as 

O2 saturation <95%, signs of cyanosis, flapping of the nose, 

intercostal retraction, dyspnea, diarrhea, anosmia, and 

dysgeusia.

The COVID-19 was confirmed by laboratory (RT-PCR) 

and/or radiological pulmonary findings. Other symptom-

atic COVID-19 infection criteria included coughing, fever, 

nausea, vomiting, tachypnea, dyspnea, and chest pain. 

Participants (presenting with at least one of the symptoms 

mentioned above) were tested for SARS-CoV-2 infection ac-

cording to local availability of testing and were submitted 

to laboratory exams and/or CT scans following local clinical 

protocols.

For the evaluation of pregnancy outcomes, only women 

who tested for COVID-19 and whose follow-up was consid-

ered successful (childbirth information and COVID-19 status 

available) were included in the analysis. Women with un-

available late pregnancy outcomes (unknown mode of de-

livery and gestational age at delivery), postpartum women 

at enrollment, and women with an ongoing pregnancy at the 

time of closure of the database were not considered.

We collect information on characteristics of sociode-

mographic, pregnancy, medical history, and the initial clini-

cal presentation of COVID-19. After the clinical presentation 

of a case of COVID-19, the women were followed until child-

birth and postpartum.

Study data were collected and managed using 

REDCap®15 (Research Electronic Data Capture) tools hosted 

at CAISM/UNICAMP server, the coordinating center. Research 

collaborators had hierarchical and clustered access to the 

system; data was properly anonymized, and personal con-

tact information was kept confidential.

The definition of small for gestational age (SGA) is 

based on concepts with birth weight below the tenth per-

centile, as described by Melamed et al.(14) and Gordijn et al.(16) 

To determine SGA status, we used the GROW Birthweight 

Centile growth table developed by Gardosi et al.(23)

In our study, we assessed the potential risk factors for 

SGA based on those identified for the Brazilian population, 

including age, race, hypertensive diseases, pre-gestational 

diabetes, autoimmune diseases, antiphospholipid antibody 

syndrome, maternal malnutrition, and tobacco use, as re-

ported by Souza et al.(24) For our analysis, we considered in-

fants who were classified as large for gestational age (LGA) 

as non-SGA.

For maternal weight definitions, we used the values 

recorded on the prenatal card. Maternal BMI was classified 

as follows: underweight (< 18.5 kg/m2), normal weight (18.5-

24.9 kg/m2), overweight (25.0-29.9 kg/m2), and obesity (≥ 

30.0 kg/m2).

We analyzed the incidence of small for gestational age 

(SGA) infants within our study population, differentiating 

between those who were infected with COVID-19 and those 

who were uninfected. We compared SGA newborns with 

non-SGA newborns, focusing on the following variables: risk 
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of cesarean delivery, prematurity, Apgar score <7 at the 5th 

minute, admission to the Neonatal ICU, use of mechanical 

ventilation, and neonatal death.

We report the number of women with positive COVID-19 

infection, the proportion of cases investigated (COVID-19 

tests carried out), and the cases confirmed for all partici-

pants in the period considered.

We compared sociodemographic characteristics (age, 

education, marital status, pre-gestational body mass index 

- BMI and country region, pregnancy conditions (multiple 

pregnancies, parity, planned or unplanned pregnancy, and 

type of prenatal insurance), and medical condition charac-

teristics (alcohol use, asthma, chronic kidney disease, dia-

betes, hypertension, and smoking) of women who attended 

public and private hospitals for childbirth. For descriptive 

purposes, the North and Northeast Brazilian regions were 

grouped. To assess obstetric outcomes, the following vari-

ables were evaluated: mode of birth, miscarriage, fetal 

death, prematurity (any childbirth <37 weeks), pre-eclamp-

sia (new onset of hypertension, blood pressure higher or 

equal to 140x90mmHg in two or more measures, after 20 

weeks of gestation with proteinuria or other laboratory or 

clinical signs of organ dysfunction), birth weight (adequacy 

of birth weight according to gestational age using the GROW 

customized chart), Apgar score (below 7 at 5 minutes), re-

spiratory distress, admission to NICU (neonatal intensive 

care unit), and neonatal death.  

 Information on the severity of COVID-19 infection in-

cluded severe acute respiratory syndrome (SARS), admis-

sion to the ICU, need for intubation and prone position, re-

nal impairment, maternal death, and any severe maternal 

outcomes. Severe maternal outcomes (SMO) were defined 

as having any of the following: SARS, admission to ICU, or 

maternal death.

Women were divided into two groups, with SGA and 

non-SGA concepts. For comparisons using qualitative vari-

ables, Chi-squared or Fisher’s Exact tests were used when 

appropriate to assess statistical significance between 

groups. For the analysis of quantitative variables, Pearson 

and Spearman correlations were used according to the 

distribution of normality. To determine the association of 

COVID-19 infection with pregnancy outcomes in SGA and 

non-SGA concepts, we estimated unadjusted risk ratios with 

their 95% confidence intervals.  

We use SPSS 26.0 (IBM Corp. Released 2019. IBM SPSS 

Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp) 

for statistical analysis. 

The study protocol followed the Declaration of Helsinki 

amended in 1964 and it was approved by the Institutional 

Review Board (IRB) of the coordinating center and by each 

participating center (Certificado de Apresentação de 

Apreciação Ética: 31591720.5.3005.5330) protocol 5.464.119. 

The Strengthening the Reporting of Observational Studies 

in Epidemiology (STROBE) guidelines were followed for 

the implementation and reporting of the study. All included 

women received detailed information about the study and 

provided informed consent to their participation before en-

rollment (Figure 1).

729 participants 

374 covid tested

198 positive for COVID 

42 SGA145 non SGA 24 SGA138 non SGA

176 negative for COVID

187 with weight information 167 with weight information

248 miss information
107 without 

COVID information 

Figure 1. Study participants

Results
This sample consisted of 729 initially symptomatic preg-

nant women with COVID-19. Among them, 248 participants 

who had not yet given birth at the time of data closure or 

had unavailable delivery information (due to missing data 

or loss of follow-up) and 107 who did not have confirmatory 

tests for COVID-19 were excluded from the analysis. As a re-

sult, a total of 374 women were included in the study. Out of 

the remaining participants, 198 tested positive for COVID-19, 

while 176 tested negative (Figure 1). Table 1 displays the dis-

tribution of certain demographic data among symptomatic 

pregnant women based on their testing results for COVID-19. 

Among pregnant women with confirmed COVID-19, 17% re-

quired ICU admission. 23,8% of SGA newborns were born to 

mothers who had severe infection. The incidence of small 

for gestational age (SGA) infants was found to be 22.4% 

among women who tested positive for COVID-19, while the 

incidence of SGA among women who tested negative for 

COVID-19 was 14.8%. 

	

Among pregnant women who had confirmed COVID-19, 

table 2 presents the demographic and clinical charac-

teristics based on the condition of the newborn, whether 

they were classified as small for gestational age (SGA) or 

non-SGA.
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Table 1. Demographic data of symptomatic pregnant women tested 
for COVID-19

Variables 

Testing for COVID-19

p-valuePositive Negative

n(%) n(%)

Age

   ≤19 9(4.5) 19(10.8) 0.037

   20-35 143(72.2) 127(72.2)

   >35 46(23.2) 30(17.0)

Ethnicity

   White 112(57.4) 95(54.6) 0.583

   Non-white 83(42.6) 79(45.4)

Marital status

   With partner 131(67.2) 101(58.0) 0.070

   Without partner 64(32.8) 73(42.0)

Country regions

   North, Northeast 28(14.1) 6(3.4) 0.000

   Southeast 125(63.1) 149(84.7)

   South 45(22.7) 21(11.9)

Health Service

  Public 154(77.8) 156(88.6) 0.005

   Private 44(22.2) 20(11.4)

Education

   Primary or lower 44(27.2) 67(42.1) 0.005

   Secondary or higher 118(72.8) 92(57.9)

Body Mass Index (BMI)

   Low weight(<18.50) 1(0.7) 4(3.8) 0.064

   Eutrophic (18.50-24.99) 41(28.9) 34(32.7)

   Overweight (25.00-29.99) 50(35.2) 23(22.1)

   Obese(≥30) 50(35.2) 43(41.3)

Table 2. Demographic and clinical characteristics according to 
newborn weight adequacy among pregnant women with confirmed 
COVID-19

Variables
SGA Non SGA

p-value
n(%) n(%)

Age

   ≤19 2(4.8) 5(3.4) 0.909

   20-35 30(71.4) 107(73.8)

   >35 10(23.8) 33(22.8)

Ethnicity

   White 21(50.0) 86(59.7) 0.262

   Non white 21(50.0) 58(40.3)

Marital status

   With partner 29(69.0) 95(66.9) 0.794

   Without partner 13(31.0) 47(33.1)

Country regions

   North/ Northeast 10(23.8) 16(11.0) 0.007

   Southeast 29(69.0) 89(61.4)

   South 3(7.1) 40(27.6)

Health service

   Public 36(85.7) 109(75.2) 0.149

   Private 6(14.3) 36(24.8)

Pre natal care

   Public 30(81.1) 102(72.9) 0.307

Private / Health insurance / Mixed 7(18.9) 38(27.1)

Education

   Primary or lower 13(37.1) 29(24.4) 0.136

   Secondary or higher 22(62.9) 90(75.6)

Number of gestations

   Nulliparous 14(33.3) 45(31.2) 0.799

   Multiparous 28(66.7) 99(68.8)

Body Mass Index (BMI)

   Low weight (<18.50) 1(3.7) 0(0) 0.163

   Eutriphic (18.50-24.99) 8(29.6) 29(26.9)

   Overweight (25.00-29.99) 7(25.9) 41(38.0)

Obese (≥30) 11(40.7) 38(35.2)

Pregnancy trimester – manifestation of symptoms

   1º trimester 7(16.7) 12(8.3) 0.281

   2º trimester 10(23.8) 36(24.8)

   3º trimester 25(59.5) 97(66.9)

Smoking

   Yes 0(0) 1(0.7) 0.589

   No 42(100.0) 144(99.3)

Asthma (pre-existing)

  Yes 3(7.1) 10(6.9) 0.956

  No 39(92.9) 135(93.1)

Chronic hypertension (pre-existing)

   Yes 1(2.4) 17(11.7) 0.071

   No 41(97.6) 128(88.3)

Pre-eclampsia

   Yes 4(9.5) 17(12.0) 0.661

   No 38(90.5) 125(88.0)

Presence of overweight/obesity

   Yes 18(66.7) 79(73.1) 0.503

   No 9(33.3) 29(26.9)

Gestacional diabetes 

   Yes 0(0) 2(1.4) 0.444

   No 42(100.0) 143(98.6)

MEOWS

   ≥4 18(54.5) 49(45.0) 0.334

   <4 15(45.5) 60(55.0)

Severe Acute Respiratory Syndrome (SARS)

   Yes 8(19.0) 19(13.1) 0.334

    No 34(81.0) 126(86.9)

ICU indication

   Yes 10(23.8) 22(15.2) 0.191

   No 32(76.2) 123(84.8)

Table 3 compares the birth outcomes between SGA 

and non-SGA newborns. SGA was not associated with an in-

crease in the rate of cesarean delivery or low Apgar score at 

birth. However, it was associated with preterm birth, admis-

sion to the neonatal ICU, the use of mechanical ventilation, 

and neonatal death. It was observed that SGA newborns in 

symptomatic pregnant women have a 1.9 times higher like-

lihood of experiencing adverse outcomes (prematurity, fetal 

death, neonatal death, and admission to the neonatal ICU) 

compared to non-SGA newborns [odds ratio (OR) = 1.938, 

95% confidence interval (CI): 1.472 - 2.552, P < 0.000]. When 

analyzing only pregnant women confirmed for COVID-19 (as 

shown in Table 3), we observe that the adequacy of the new-

born’s weight (SGA and non-SGA) is influenced primarily 

by prematurity. Specifically, prematurity is associated with 

higher rates of admission to the neonatal ICU and the use of 

mechanical ventilation. However, the risk of cesarean sec-

tion, Apgar score lower than seven at the fifth minute of life, 

and the occurrence of neonatal death did not demonstrate a 

significant relationship in the studied sample.

It was observed that SGA newborns, in COVID-19 posi-

tive pregnant women, have a 1.6 times higher likelihood of 

experiencing adverse outcomes (prematurity, fetal death, 

neonatal death, and admission to the neonatal ICU) com-

pared to non-SGA newborns [odds ratio (OR) = 1.655, 95% 

confidence interval (CI): 1.145 - 2.394, P = 0.017]. When com-

paring SGA newborns between those with positive COVID-19 
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were more likely to be born prematurely, require neonatal 

ICU admission, and need mechanical ventilation, which are 

expected outcomes in the presence of prematurity.(25) SGA 

preterm infants have a higher rate of neonatal morbidity and 

mortality compared to premature AGA infants. An important 

question to consider is whether these infants were SGA as a 

result of COVID-19 infection or due to premature births, fail-

ing to achieve their appropriate growth potential.

When pregnant women with confirmed COVID-19 were 

analyzed, prematurity was once again associated with 

weight gain, as well as neonatal ICU admission and the use 

of mechanical ventilation. Similarly, SGA newborns from 

pregnant women with confirmed COVID-19 had a higher risk 

of adverse outcomes.(20) Both groups did not differ signifi-

cantly in terms of cesarean section rates. These findings 

support studies that have evaluated fetuses from mothers 

symptomatic of COVID-19, demonstrating an increased 

risk of adverse effects.(20) When comparing symptomatic 

pregnant women with confirmed COVID-19 and those nega-

tive for COVID-19, it was observed that SGA newborns born 

to infected pregnant women had a higher risk of requiring 

mechanical ventilation but no increased risk of prematurity, 

as reported by Di Mascio et al.(20) More broadly, it should be 

noted that the impact of COVID-19 on obstetric and neona-

tal outcomes is low, and there seems to be no greater risk of 

fetal growth restriction or an increased incidence of small 

for gestational age fetuses in the studied population. These 

findings align with previous studies that have reported a low 

impact of COVID-19 on obstetric and neonatal outcomes.(26) 

However, it is important to mention that the present study 

did not assess the severity of infection during pregnancy, 

which appears to be strongly associated with worse obstet-

ric and neonatal outcomes.(27) Additionally, our study did 

not evaluate neonatal infection, but there is evidence sug-

gesting potential transplacental transmission,(28,29) which 

speculates a greater need for mechanical ventilation in 

newborns from confirmed COVID-19 pregnancies due to 

the presence of respiratory complications associated with 

COVID-19 that amplify the typical stress observed during the 

neonatal period.(27) 

On the other hand, our findings did not demonstrate 

higher cesarean section rates, consistent with previous 

data.(20,27,30) The medical indication for cesarean section, in 

many studies, has been shown to be a consequence of ma-

ternal complications of COVID-19, including pneumonia.(30) 

It is important to note that the lack of prior knowledge about 

COVID-19 infection and its maternal and fetal effects may 

have contributed to an iatrogenic increase in the rates of 

prematurity and cesarean section.

Most cases of growth restriction are attributed to pla-

cental dysfunction.(31) The COVID-19 virus has an affinity for 

angiotensin-converting enzyme 2 receptors, which are wide-

ly expressed in the placenta.(28,29) Therefore, it is presumed 

Table 3. Neonatal outcomes among COVID-19 positive pregnant 
women

Variables
SGA Non  SGA

RR (IC 95%)* p-value
(%) (%)

Risk of cesarean delivery 71.4 64.1 1.114 (0.888-1.397) 0.461

Prematurity 50.0 24.8 2.014 (1.331-3.048) 0.004

Apgar <7 (5th minute) 7.7 4.2 1.846 (0.483- 7.050) 0.404

Admission to the neonatal ICU 47.4 22.1 2.139 (1.355-3.378) 0.004

Use of mechanical ventilation 30.8 9.5 3.243 (1.611-6.526) 0.003

Neonatal death 10.3 2.2 4.718 (1.102-20.197) 0.043

*RR – relative risk; CI – confidence interval

infection (n=42) and those with negative COVID-19 infection 

(n=24), concerning various birth outcomes, it was observed 

that only the use of mechanical ventilation was associated 

with confirmed COVID-19 infection. However, all other out-

comes assessed in table 4 did not show a significant asso-

ciation. It is important to note that the total sample size for 

this analysis was 66 women.

Table 4. Neonatal outcomes were compared between SGA newborns 
from COVID-positive patients and SGA newborns from COVID-nega-
tive patients

Variables

SGA 

(COVID +)

SGA 

(COVID -) RR (IC 95%)* p-value

(%) (%)

Risk of cesarean delivery 71.4 79.2 0.902 (0.682-1.194) 0.569

Prematurity 50.0 33.3 1.500 (0.790-2.849) 0.210

Apgar <7 (5th minute) 7.7 4.5 1.692 (0.187-15.304) 1.000

Admission to the Neonatal ICU 47.4 47.8 0.990 (0.576-1.704) 1.000

Use of mechanical ventilation 30.8 0.0 0.692 (0.562-.853) 0.002

Neonatal death 10.3 0.0 0.897 (0.807-.998) 0.287

*RR – relative risk; CI – confidence interval

It was observed that in the group of SGA newborns from 

COVID-19 positive pregnant women, there is a 1.07 times 

higher likelihood of experiencing adverse outcomes com-

pared to the SGA newborns from COVID-19 negative pregnant 

women. However, this difference did not reach statistical 

significance, indicating that the observed association may 

have occurred by chance and is not statistically significant. 

When evaluating the trimester of pregnancy for COVID-19 in-

fection, no statistically significant difference was identified 

in terms of outcomes. However, it is important to acknowl-

edge that this lack of significance may be attributed to the 

sample size (represented by the variable “n”) used in the 

analysis. A larger sample size may be necessary to detect 

potential differences and establish more conclusive results.

Discussion
The incidence of SGA newborns in our study was 22.4%, 

which is higher compared to national data. This higher inci-

dence of small-for-gestational-age fetuses may be attribut-

ed to flu-like syndrome and not exclusively to COVID-19. 

Among symptomatic pregnant women, irrespective of 

COVID-19 confirmation, it was observed that SGA fetuses 
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that placental dysfunction could occur due to the presence 

of the virus, leading to obstetric complications such as abor-

tion, growth restriction, and even preterm labor.(30) However, 

the current literature does not provide evidence of an in-

creased incidence of fetal growth restriction in COVID-19-

positive patients.(26) 

Birth weight is an important factor that determines 

perinatal morbidity and mortality, and it can also affect met-

abolic, respiratory, and immune development. Therefore, it 

is crucial to evaluate birth weight in all pregnancies, par-

ticularly in pregnant women with comorbidities, including 

COVID-19.(25) 

COVID-19 has been associated with greater maternal 

and neonatal adverse outcomes compared to pregnant 

women without the infection.(32) Although a slight impact 

has been observed in infected pregnant women(7), this popu-

lation should be considered high-risk and closely monitored 

during prenatal care. A study conducted in low-income 

countries may have results that can be extrapolated to the 

Brazilian context due to financial disparities. Burt et al.(33) 

evaluated the indirect effects of public policies related to 

the pandemic and restricted access to newborn and postna-

tal care. Therefore, neonatal and pediatric outcomes may be 

worse than initially assessed.

Consistently, COVID-19 infection has been significant-

ly associated with prematurity,(18) which is a major factor 

contributing to increased neonatal morbidity and mortali-

ty. Even late preterm infants have significantly higher rates 

of morbidity, mortality, and long-term neuropsychomotor 

development impairment compared to full-term infants.(34) 

Iatrogenic preterm delivery accounts for approximately 25% 

of preterm births.(35) Therefore, a significant portion of the 

increased risks of prematurity and SGA newborns may be 

attributed to iatrogenesis resulting from the lack of medical 

knowledge regarding a disease that reached alarming rates. 

Considering this, prenatal care for these pregnant women, 

along with maternal and fetal surveillance, general vaccina-

tion guidance, and pregnancy planning, are important mea-

sures to reduce risks. 

An international study examined the outcomes of 

pregnant women who tested positive for COVID-19 or SARS-

CoV-2. It evaluated 388 pregnancies across, most cases 

were diagnosed in the third trimester, with common symp-

toms like cough and fever. It found that 11.1% required ICU ad-

mission, with a maternal mortality rate of 0.8%. Adverse fetal 

outcomes, including perinatal death, were observed in 4.2% 

of pregnancies completed to term, but no congenital anom-

alies were noted in stillbirths or neonatal deaths. Factors 

like earlier diagnosis and maternal respiratory support were 

associated with worse outcomes, while treatments like hy-

droxychloroquine showed no significant effect. The study 

also indicated a minimal risk of vertical transmission but 

emphasized the need for further research.(36)

A recent study investigated pregnant women infected 

with SARS-CoV-2 during their first or second trimesters to 

identify potential effects on fetal central nervous system 

(CNS) development. The study used neurosonography to 

assess CNS development markers and found no differences 

compared to a control group.(37)  Similarly, another study fo-

cused on potential cardiovascular changes and blood flow 

in the umbilical vein of women infected in the second tri-

mester, determining that mild SARS-CoV-2 infection does 

not increase the risk of fetal hemodynamic or cardiac is-

sues.(38) These findings suggest that SARS-CoV-2 infection 

does not affect fetal cortical or cardiovascular development, 

indicating that additional testing during pregnancy to rule 

out these conditions is not necessary.

A study evaluated the anxiety levels of pregnant women 

during the COVID-19 pandemic. Media, particularly newspa-

pers, TV, and the Internet, were primary sources of COVID-19 

information. Anxiety levels were high, notably concerning 

pregnancy outcomes, and correlated with higher education 

levels. The study underscores the pandemic’s significant 

impact on maternal anxiety, highlighting the importance of 

tailored support and reliable information dissemination for 

pregnant women during health crises.(39)

Conclusion
These studies illustrate the significant impact that infec-

tion can have on the physical and mental health of pregnant 

women. Understanding these effects is essential for offering 

appropriate support and care during these difficult times. 

These findings underscore the need for ongoing research 

and personalized management strategies to safeguard 

maternal and fetal health. All evidence-based information 

about fetal development, especially important systems such 

as the CNS and cardiovascular, needs to be communicated 

to pregnant women for reassuring about the health of their 

fetuses and the low risk of adverse outcomes. It is import-

ant to acknowledge that our study had certain limitations, 

including the focus on fetal growth evaluation rather than 

investigating infection in newborns. By analyzing these 

neonatal outcomes in SGA newborns from COVID-positive 

and COVID-negative patients, the study aimed to provide 

insights into the potential effects of COVID-19 on the health 

and well-being of SGA infants. Further studies are needed to 

assess the long-term outcomes of these SGA newborns born 

to COVID-19-infected patients.

Author’s contributions
Raupp GS, Souza RT, Costa ML, Cecatti JG, Barros A, Arlindo EM, 

Cunha Filho EVC and Vettorazzi J were involved in the design 

and interpretation of the analysis, contributed to the writing of 

the manuscript and read and approved the final manuscript. 



7

Incidence of small-for-gestational-age newborns in pregnant women with COVID-19

Raupp GS, Souza RT, Costa ML, Cecatti JG, Barros A, Arlindo EM, et al. 

Rev Bras Ginecol Obstet. 2025;47:e-rbgo20.

References
1. 	 Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology, 

transmission, diagnosis, and treatment of coronavirus disease 2019 (COVID-19): a 
review. JAMA. 2020;324(8):782-93. doi: 10.1001/jama.2020.12839

2. 	 Mahalmani VM, Mahendru D, Semwal A, Kaur S, Kaur H, Sarma P, et al. COVID-19 
pandemic: a review based on current evidence. Indian J Pharmacol. 2020;52(2):117-29. 
doi: 10.4103/ijp.IJP_310_20

3. 	 Dashraath P, Wong JL, Lim MX, Lim LM, Li S, Biswas A, et al. Coronavirus disease 2019 
(COVID-19) pandemic and pregnancy. Am J Obstet Gynecol. 2020;222(6):521-31. doi: 
10.1016/j.ajog.2020.03.021

4. 	 Zeng L, Xia S, Yuan W, Yan K, Xiao F, Shao J, et al. Neonatal early-onset infection with 
SARS-CoV-2 in 33 neonates born to mothers with  COVID-19 in Wuhan, China. JAMA 
Pediatr. 2020;174(7):722-5. doi: 10.1001/jamapediatrics.2020.0878

5. 	 Zaigham M, Andersson O. Maternal and perinatal outcomes with COVID-19: s 
systematic review of 108 pregnancies. Acta Obstet Gynecol Scand. 2020;99(7):823-9. 
doi: 10.1111/aogs.13867

6. 	 Juan J, Gil MM, Rong Z, Zhang Y, Yang H, Poon LC. Effect of coronavirus disease 
2019 (COVID-19) on maternal, perinatal and neonatal outcome: systematic review. 
Ultrasound Obstet Gynecol. 2020;56(1):15-27. doi: 10.1002/uog.22088

7. 	 Pirjani R, Hosseini R, Soori T, Rabiei M, Hosseini L, Abiri A, et al. Maternal and neonatal 
outcomes in COVID-19 infected pregnancies: a prospective  cohort study. J Travel Med. 
2020;27(7):taaa158. doi: 10.1093/jtm/taaa158

8. 	 Wang CL, Liu YY, Wu CH, Wang CY, Wang CH, Long CY. Impact of COVID-19 on pregnancy. 
Int J Med Sci. 2021;18(3):763-7. doi: 10.7150/ijms.49923

9. 	 Ferrara A, Hedderson MM, Zhu Y, Avalos LA, Kuzniewicz MW, Myers LC, et al. 
Perinatal complications in individuals in California with or without SARS-CoV-2  
infection during pregnancy. JAMA Intern Med. 2022;182(5):503-12. doi: 10.1001/
jamainternmed.2022.0330

10. 	 Metz TD, Clifton RG, Hughes BL, Sandoval G, Saade GR, Grobman WA, et al. Disease 
severity and perinatal outcomes of pregnant patients with coronavirus  disease 2019 
(COVID-19). Obstet Gynecol. 2021;137(4):571-80. 

11. 	 Strauss RS, Dietz WH. Effects of intrauterine growth retardation in premature infants on 
early childhood growth. J Pediatr. 1997;130(1):95-102. doi: 10.1016/s0022-3476(97)70316-0

12. 	 Lees CC, Stampalija T, Baschat AA, Silva Costa F, Ferrazzi E, Figueras F, et al. ISUOG Practice 
Guidelines: diagnosis and management of small-for-gestational-age fetus and fetal 
growth restriction. Ultrasound Obstet Gynecol. 2020;56(2):298-312. doi: 10.1002/uog.22134

13. 	 Nohuz E, Rivière O, Coste K, Vendittelli F. Prenatal identification of small-for-
gestational age and risk of neonatal morbidity and stillbirth. Ultrasound Obstet 
Gynecol. 2020;55(5):621-8. doi: 10.1002/uog.20282

14. 	 Melamed N, Baschat A, Yinon Y, Athanasiadis A, Mecacci F, Figueras F, et al. FIGO 
(International Federation of Gynecology and Obstetrics) initiative on fetal growth: best 
practice advice for screening, diagnosis, and management of fetal growth restriction. 
Int J Gynecol Obstet. 2021;152 Suppl 1:3-57. doi: 10.1002/ijgo.13522

15. 	 Gallego EM, Pujol AT, Bartra AJ, Roig MD. Fetal growth restriction. In: Ahmed RG, Uçar A, 
editors. Growth disorders and acromegaly. Rijeka: IntechOpen; 2020. Chapter 4.

16. 	 Gordijn SJ, Beune IM, Thilaganathan B, Papageorghiou A, Baschat AA, Baker PN, et 
al. Consensus definition of fetal growth restriction: a Delphi procedure. Ultrasound 
Obstet Gynecol. 2016;48(3):333-9. doi: 10.1002/uog.15884

17. 	 Aghaamoo S, Ghods K, Rahmanian M. Pregnant women with COVID-19: the placental 
involvement and consequences. J Mol Histol. 2021;52(3):427-35. doi: 10.1007/s10735-021-
09970-4

18. 	 Mullins E, Hudak ML, Banerjee J, Getzlaff T, Townson J, Barnette K, et al. Pregnancy and 
neonatal outcomes of COVID-19: coreporting of common outcomes from PAN-COVID and AAP-
SONPM registries. Ultrasound Obstet Gynecol. 2021;57(4):573-81. doi: 10.1002/uog.23619

19. 	 Gaspar AV, Santos Silva I. SARS-CoV-2 in pregnancy-the first wave. Medicina (Kaunas). 
2021;57(3):241. doi: 10.3390/medicina57030241. 

20. 	 Di Mascio D, Khalil A, Saccone G, Rizzo G, Buca D, Liberati M, et al. Outcome of 
coronavirus spectrum infections (SARS, MERS, COVID-19) during pregnancy:  
a systematic review and meta-analysis. Am J Obstet Gynecol MFM. 2020;2(2):100107. 
doi: 10.1016/j.ajogmf.2020.100107

21. 	 Rizzo G, Mappa I, Maqina P, Bitsadze V, Khizroeva J, Makatsarya A, et al. Effect of 
SARS-CoV-2 infection during the second half of pregnancy on fetal growth and 
hemodynamics: a prospective study. Acta Obstet Gynecol Scand. 2021;100(6):1034-9. 
doi: 10.1111/aogs.14130

22. 	 Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, et al. Maternal and 
child undernutrition: consequences for adult health and human capital. Lancet. 
2008;371(9609):340-57. doi: 10.1016/S0140-6736(07)61692-4

23. 	 Gardosi J, Francis A, Turner S, Williams M. Customized growth charts: rationale, 
validation and clinical benefits. Am J Obstet Gynecol. 2018;218(2S):S609-18. doi: 
10.1016/j.ajog.2017.12.011

24. 	 Souza RT, Vieira MC, Esteves-Pereira AP, Domingues RM, Moreira ME, da Cunha Filho 
EV, et al. Risk stratification for small for gestational age for the Brazilian population: a 
secondary analysis of the Birth in Brazil study. Sci Rep. 2020;10(1):14725. doi: 10.1038/
s41598-020-71252-y

25. 	 Sharma P, McKay K, Rosenkrantz TS, Hussain N. Comparisons of mortality and pre-
discharge respiratory outcomes in  small-for-gestational-age and appropriate-for-
gestational-age premature infants. BMC Pediatr. 2004;4:9. doi: 10.1186/1471-2431-4-9

26. 	 Crovetto F, Crispi F, Llurba E, Pascal R, Larroya M, Trilla C, et al. Impact of severe acute 
respiratory syndrome coronavirus 2 infection on pregnancy  outcomes: a population-
based study. Clin Infect Dis. 2021;73(10):1768-75. doi: 10.1093/cid/ciab104

27. 	 Oncel MY, Akin IM, Kanburoglu MK, Tayman C, Coskun S, Narter F, et al. A multicenter 
study on epidemiological and clinical characteristics of 125 newborns  born to women 
infected with COVID-19 by Turkish Neonatal Society. Eur J Pediatr. 2021;180(3):733-42. 
doi: 10.1007/s00431-020-03767-5

28. 	 Vivanti AJ, Vauloup-Fellous C, Prevot S, Zupan V, Suffee C, Do Cao J, et al. Transplacental 
transmission of SARS-CoV-2 infection. Nat Commun. 2020;11(1):3572. doi: 10.1038/
s41467-020-17436-6

29. 	 Sisman J, Jaleel MA, Moreno W, Rajaram V, Collins RR, Savani RC, et al. Intrauterine 
transmission of SARS-COV-2 Infection in a preterm infant. Pediatr Infect Dis J. 
2020;39(9):e265-7. doi: 10.1097/INF.0000000000002815

30. 	Jafari M, Pormohammad A, Sheikh Neshin SA, Ghorbani S, Bose D, Alimohammadi S, 
et al. Clinical characteristics and outcomes of pregnant women with COVID-19 and 
comparison  with control patients: a systematic review and meta-analysis. Rev Med 
Virol. 2021;31(5):1-16. doi: 10.1002/rmv.2208

31. 	 Miller J, Turan S, Baschat A. Fetal growth restriction. Semin Perinatol. 2008;32(4):274-
80. doi: 10.1053/j.semperi.2008.04.010

32. 	 Antoun L, El Taweel N, Ahmed I, Patni S, Honest H. Maternal COVID-19 infection, clinical 
characteristics, pregnancy, and neonatal  outcome: a prospective cohort study. Eur J 
Obstet Gynecol Reprod Biol. 2020;252:559-62. doi: 10.1016/j.ejogrb.2020.07.008

33. 	 Burt JF, Ouma J, Lubyayi L, Amone A, Aol L, Sekikubo M, et al. Indirect effects of COVID-19 
on maternal, neonatal, child, sexual and reproductive  health services in Kampala, 
Uganda. BMJ Glob Health. 2021;6(8):e006102. doi: 10.1136/bmjgh-2021-006102

34. 	 Beinder E. [Impact of iatrogenic preterm birth on newborn morbidity]. Z Geburtshilfe 
Neonatol. 2011;215(4):133-8. doi: 10.1055/s-0031-1284417. German.

35. 	 Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of 
preterm birth. Lancet (London, England). 2008;371(9606):75-84. doi: 10.1016/S0140-
6736(08)60074-4

36. 	 Di Mascio D, Sen C, Saccone G, Galindo A, Grünebaum A, Yoshimatsu J, et al. 
Risk factors associated with adverse fetal outcomes in pregnancies affected by 
Coronavirus disease 2019 (COVID-19): a secondary analysis of the WAPM study on 
COVID-19. J Perinat Med. 2020;48(9):950-8. doi: 10.1515/jpm-2020-0355

37. 	 Mappa I, Pietrolucci ME, Pavjola M, Maruotti G, D’Antonio F, Rizzo G. Fetal brain biometry 
and cortical development after maternal SARS-CoV-2 infection in pregnancy: a 
prospective case–control study.  J Clin Ultrasound.  2023;51(4):639-43. doi: 10.1002/
jcu.23382

38. 	 Rizzo G, Mappa I, Pietrolucci ME, Lu JL, Makatsarya A, D’Antonio F. Effect of SARS-CoV-2 
infection on fetal umbilical vein flow and cardiac function: a prospective study. J 
Perinat Med. 2022;50(4):398-403. doi: 10.1515/jpm-2021-0657

39. 	 Mappa I, Distefano FA, Rizzo G. Effects of coronavirus 19 pandemic on maternal anxiety 
during pregnancy: a  prospectic observational study. J Perinat Med. 2020;48(6):545-
50. doi: 10.1515/jpm-2020-0182


