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Resumo

Introdugdo. Em marco de 2020, a Organizacdo Mundial da Saude (OMS) anunciou o
surgimento de uma pandemia global, a COVID-19. Uma doencga deflagrada pela infeccao do
novo coronavirus (SARS-CoV-2). Achados recentes indicam que o periodo gestacional pode
tornar a made e sua prole mais suscetiveis ao novo coronavirus, com rapida progressao para o
estagio critico da doenga. O organismo materno apresenta certo grau de deficiéncia
imunoldgica e cardiorrespiratéria, devido as adaptacdes fisiolégicas ao periodo gestacional e,
consequentemente, se acometido por infeccGes pré-natais causadas por virus, levam a
Ativacdao Imune Materna (AIM) exacerbada, contribuindo, assim, para alteragbes na
neurogénese materno-fetal, na mielinizagdo fetal, estando diretamente envolvida na
patogénese de transtornos do neurodesenvolvimento na descendéncia. Objetivo. Este estudo
traz como hipdtese a possibilidade de infecgdes maternas por COVID-19 durante a gravidez
ser um risco potencial para a prole desenvolver o Transtorno do Espectro Autista (TEA).
Conclusdo. Durante o periodo gestacional, as exposicdoes a agentes infecciosos virais levam
a Ativacdo Imune Materna exacerbada, contribuindo para alteragées na neurogénese materno-
fetal. InfecgGes pelos SARS-CoV-2 podem estar envolvidas na patogénese de transtornos do
neurodesenvolvimento, como o TEA. Logo, uma atencdo maior deve ser dada a prole de
mulheres gravidas com COVID-19, uma vez que processos infecciosos pré-natais tém forte
correlagdo com a prevaléncia de encefalopatias adquiridas.

Unitermos. Periodo Gestacional;, SARS-CoV-2; COVID-19; Transtorno do Espectro Autista;
Fator de Risco; Risco Fetal

Abstract

Introduction. In March 2020, the World Health Organization (WHO) announced the
emergence of a global pandemic, COVID-19. A disease triggered by the new coronavirus
infection (SARS-CoV-2). More recent findings indicate that the gestational period makes the
mother and her offspring more susceptible to the new coronavirus and the rapid progression
to the critical stage of the disease. The maternal organism presents a certain degree of
immunological and cardiorespiratory deficiency due to physiological adaptations to the
gestational period and, consequently, if affected by prenatal infections caused by viruses, they
lead to an exacerbated Maternal Immune Activation (MIA), thus contributing to alterations in
maternal-fetal neurogenesis, fetal myelinization, and is directly involved in the pathogenesis
of neurodevelopmental disorders in the offspring, especially autism. Objective. This study
hypothesizes that maternal COVID-19 infections during pregnancy are a potential risk for the



offspring to develop Autism Spectrum Disorder. Conclusion. The exposure to viral infectious
agents during the gestational period leads to exacerbated maternal immune activation. It
contributes to alterations in maternal-fetal neurogenesis and is directly involved in the
pathogenesis of neurodevelopmental disorders, being correlated to the predisposition to
affective and psychiatric disorders in the offspring. Therefore, greater attention should be given
to the offspring of pregnant women infected by COVID-19, since prenatal infectious processes
have a strong correlation with the prevalence of Autistic Spectrum Disorder in the offspring.
Keywords. Gestational period; SARS-CoV-2; COVID-19; Autism Spectrum Disorder; Risk
Factor; Fetal Risk

Resumen

Introducciéon. En marzo de 2020, la Organizacion Mundial de la Salud (OMS) anuncid la
aparicion de una pandemia mundial, COVID-19. Enfermedad provocada por la infeccion del
nuevo coronavirus (SARS-CoV-2). Los hallazgos mas recientes indican que el periodo
gestacional hace que la madre y su descendencia sean mas susceptibles al nuevo coronavirus
y la rapida progresion a la etapa critica de la enfermedad. El organismo materno tiene un cierto
grado de deficiencia inmunoldgica y cardiorrespiratoria, debido a adaptaciones fisioldgicas al
periodo gestacional y, en consecuencia, si se ve afectado por infecciones prenatales causadas
por virus, conduce a una Activacién Inmunoldgica Materna (AIM) exacerbada, contribuyendo
asi a alteraciones. en la neurogénesis materno-fetal, en la mielinizacién fetal y esta
directamente involucrado en la patogénesis de los trastornos del neurodesarrollo en la
descendencia, especialmente el autismo. Objetivo. Este estudio plantea la hipdtesis de la
posibilidad de que las infecciones maternas por COVID-19 durante el embarazo sean un riesgo
potencial para que la descendencia desarrolle un trastorno del espectro autista. Conclusion.
Durante el embarazo, la exposicién a agentes infecciosos virales conduce a una activacion
inmunitaria materna exacerbada. Por tanto, contribuye a los cambios en la neurogénesis
materno-fetal y estd directamente involucrado en la patogénesis de los trastornos del
neurodesarrollo. Por lo tanto, se debe prestar mas atencién a la descendencia de mujeres
embarazadas infectadas con COVID-19, ya que los procesos infecciosos prenatales tienen una
fuerte correlacion con la prevalencia del trastorno del espectro autista en la descendencia.
Palabras clave. Periodo gestacional; SARS-CoV-2; COVID-19; Desorden del espectro autista;
Factor de riesgo; Riesgo Fetal
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INTRODUCTION
In March 2020, the World Health Organization (WHO)

announced the emergence of a global pandemic, COVID-19,
for Coronavirus Disease 2019. A disease triggered by the
new coronavirus infection (SARS-CoV-2), which causes acute
respiratory syndrome; it can manifest mildly, evolving in
some cases to a severe and rapid type of pneumonia with

respiratory failure, progressing to death?.
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It was first detected in December 2019 in Wuhan,
China, quickly spreading throughout Chinese territory and in
several countries. The new member of the coronavirus
family, @ SARS-CoV-2, was (classified, due to its
pathophysiology, similar to the other epidemics already
known; Respiratory Syndrome (MERS), caused by the MERS-
CoV virus and Severe Acute Respiratory Syndrome (SARS),
coming from SARS-CoV, being now the seventh member of
this class of viruses that infect humans!.

Therefore, studies began to classify possible conditions
as risk factors for more serious outcomes of the disease,
such as individuals 65 years of age or older, people of any
age with severe obesity (BMI>40), asthmatics, heart
disease, hypertensive and diabetics?.

Research published at the beginning of the pandemic
indicated that pregnant women did not appear to be at risk
of developing serious symptoms of the disease more than
the population outside risk groups. However, more recent
findings indicate that the gestational and postpartum periods
make mothers and their offspring more susceptible to the
new coronavirus and the rapid progression to the critical
stage of the disease3. Pregnancy increases the risk of
obstetric and neonatal adverse outcomes of several
respiratory viral infections. Physiological and immunological
alterations occur as a normal component in the gestational
period, and systemic alterations can occur in the maternal
organism that increase the danger of severe respiratory

complications?.
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It is known that other diseases such as swine flu,
Influenza A (H1N1), as well as those coming from the
coronavirus family, such as SARS, MERS, can affect
pregnancy, bringing damage to fetal development and
increasing maternal and perinatal morbidity and mortality?.
Such complications can be a warning sign for fetal health.
Episodes that occur when the fetus is still in the maternal
uterus, such as maternal infections by different pathological
agents are correlated with future mental disorders in the
offspring. Autism Spectrum Disorder (ASD) was correlated
with hospitalizations for viral infections in individuals who
were in their first trimester of pregnancy?.

Autism Spectrum Disorder (ASD) is a severe
neuropsychiatric disorder, defined by a set of clinical
manifestations that include changes in the ability to
communicate and interact with each other, in addition to
stereotyped and repetitive behavioral patterns, with at least
one of these manifestations evidenced during early childhood
and extending through life, varying semiologically with age.
The ASD is more frequent among men than women
(proportion 4:1)%,

The prevalence of ASD 15 years ago was 1:10,000°;
however, in more recent studies, the prevalence of ASD is
1:54 in the United States (USA) and 1:160 worldwide®. These
statistical differences are since the Centers for Disease
Control and Prevention (CDC/USA) has been tracking the
number and characteristics of children on the autism

spectrum for over two decades, with prevalence information
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on ASD updated and released every 2 years. However, the
scarcity of data in several countries around the world,
especially in less developed regions, changes in diagnostic
criteria, methodology used, date of data collection, and
differences in sample sizes suggest the impossibility of
adequately estimating the global prevalence of autism®.

ASD is considered a challenging public health problem
because it has a high prevalence, resulting in increased
responsibility for health care networks, producing high costs
to the public and private system, as well as to society>.

In the current pandemic scenario, as the number of
confirmed COVID-19 cases in the world increases
dramatically, evidence on the transmission, incidence, and
effects of SARS-CoV-2 infection in mothers and their
offspring remains limited. This is since COVID-19 is a new
pathology, corroborating the lack of available data about this
disease. However, some countries have carried out
epidemiological research evidencing a gradual increase of
contamination by COVID-19 in this population, suggesting a
high number of pregnant women affected by coronaviruses
(SARS-CoV-2) in a short period of time”.

Thus, the maternal organism that already presents with
a certain degree of immune deficiency due to physiological
adaptations to the gestational period and, consequently, is
affected by prenatal infections caused by viruses; leads to
exacerbated maternal immune activation (MIA), thus
contributing to alterations in maternal-fetal neurogenesis,

fetal myelinization and is directly involved in the
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pathogenesis of disorders of neurodevelopment in the
offspring, especially autism?!>, This study hypothesizes that
maternal infections by COVID-19 during pregnancy are a
potential risk for the offspring to develop Autism Spectrum

Disorder.

COVID-19 pathophysiology

The pathophysiology of lung involvement by the new
coronavirus, SARS-CoV-2, resembles previous viral
infections by SARS-CoV and MERS-CoV, presenting an
aggressive inflammatory response and repercussion on lung
injury. The pathological basis of this new infection seems to
be related to injury of the lung cells (type II pneumocytes
and capillary endothelial cells), leading to impairment of
pulmonary gas exchange (leading to hypoxemia), and
perfusion of plasma component exudate into the alveolar
space. The integrity of the alveolar epithelium-endothelial
barrier is compromised and aggravated by infiltration of pro-
inflammatory cells in the interstice and alveolar space8.

It was escribed two pathophysiological components of
SARS-CoV-2; (I) triggered by the virus, cytopathic effect,
predominant in the early stage of the disease and (II) the
unregulated response of the host organism's immune
system, predominant in the late, critical stage of the
disease?.

The overlap of these pathophysiological components is
expressed phenotypically in three phases (stages I, II and

IT) of disease severity; (I) early infection (viral), resulting
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from viral replication and activation of the innate immune
response, presenting clinical stability and mild symptoms
associated with lymphopenia, elevated D-Dimers and Lactate
Dehydrogenase (LDH); (II) pulmonary (with or without
hypoxia), there is activation of the adaptive immune
response, reduction of viremia, initiating an inflammatory
cascade with capacity to generate tissue injury, with an acute
respiratory distress (dyspnea), and may progress to acute
respiratory failure, with an acute lymphopenia, increased
Reactive C Protein (PCR) and transaminases and (III)
systemic hyperinflammation; multiorganic insufficiency,
resulting from a deregulated immune response that triggers
the "cytokine storm"8,

The "cytokine storm" is a reminiscent syndrome of
secondary hemophagocytic lymphohistiocytosis (with high
expression of the cytokines IL-1, IL-2, IL-7, IL-10 TNF-alpha
and to a greater degree IL-6), being an inappropriate
hyperinflammatory response to infection, characterized by
fever and cytopenias; associated with hyperferritinemia,
extreme elevation of PCR, AST/ALT and D-dimer, and
reduction of platelets and fibrinogen. This phase is the most
severe and mortality phase due to COVID-198,

During the unregulated inflammatory phase (stage III),
a spectrum of two phenotypes of lung inflammation can also
be observed in the respiratory system; (I) type L (low), with
hypoxemia associated with vasoplegia by the involvement of
the Angiotensin 2 (ACE2) and (II) type H (high) receptors

with edema and pulmonary filling. The evolution of the L-
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spectrum to the H-spectrum results in a synergy of damage
induced by self-hyperventilation (with involvement of ACE2
brain receptors) in association with an increase in pulmonary
permeability due to the aggravation of the inflammatory
process, resulting in a "cytokine storm"8.

Information on the evolution and possible repercussions
of SARS-CoV-2 on pregnhancy is still scarce, however, based
on information regarding previous coronavirus infections and
other viral infections, it is known that there may be
complications during the gestational period, with real risk to

maternal and child health?.

Maternal viral infection and ASD

After the rubella pandemic that occurred in 1964, the
incidence of autistic born individuals increased from 1% to
13% in the offspring exposed to the virus. Exposure to viral
infectious agents during the gestational period 1st or 2nd
semester of pregnancy, is correlated to the predisposition to
affective and psychiatric disorders in the adult life of the
offspring>.

The exposure to infections during the gestational
period, such as flu, measles, herpes, among other infections
by pathological agents, may increase the risk of the offspring
developing psychiatric disorders, with greater risk of
developing autism>.

The maternal exposure to viral infections, may induce

an immune response that may favor the involvement of
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diseases, being an important risk factor for the health of the
mother as for the health of the offspring®.

The pregnant women are considered individuals at high
risk of morbidity and mortality if exposed to influenza A
(H1N1). Seasonal flu increases the risks of hospitalization,
especially if contracted in the 2nd or 3rd trimester of
pregnancy, increases the probability of birth of premature
children and low weight for gestational age!-°.

Complications during the delivery process affect the
neurodevelopment of the fetus and the newborn in later
stages of life and may contribute to the involvement of ASD?.
In studies with large populations, a higher rate of ASD was
verified when the maternal infections were severe and
required hospitalization of the progenitors®. Other studies
also highlight the prevalence of ASD in premature born
babies?!.

Viral infections during pregnancy result in acute or
lasting changes in the development, structure, and function
of the fetal central nervous system (CNS). Such alterations
increase the risk of premature birth, mental retardation, and
neurological disorders in the adult life of the descendants®11,

Neurodevelopment is an extremely refined process,
occurring predominantly during the prenatal period, with
neurogenesis beginning on the 42nd embryonic day, post-
conception. During this process, neurons migrate to different
brain areas as they are produced, creating rudimentary
neural networks from connections with other neurons. Any

modification during the activity of brain development, such
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as maternal exposure to infectious insults, may compromise
the formation of the architecture and function of the fetal
brain. Such insults, during the path of normal development
of the brain during pregnancy, may trigger a sequence of
events that may progressively expand over time, culminating
in long-term changes in brain and behavioral functions that
may persist until the adult life of the offspring??.

There is a high risk for the development of ASD in
children born during the winter months, because in this
period of the year, there is a high prevalence of flu and
infectious diseases in pregnant women?3,

There is growing evidence about the etiology of
neuropsychiatric diseases being associated to the prenatal
environment, since insults to the fetus, during this critical
period of neurodevelopment, can modify its brain
development, acting as vulnerability factors for mental
disorders in adult life, among them ASD*.

Prenatal viral infection such as rubella and
cytomagalovirus can cause damage to the fetus's still
immature immune system, leading to increased production
of pro-inflammatory cytokines®>. The real mechanism by
which viral infections may trigger ASD is still uncertain,
however it is proposed; (1) direct infection in the CNS, (2)
infections in other parts of the body, serving as a trigger for
CNS diseases, (3) due to alterations in the immune response
of the mother or offspring, (4) or a combination of these

factors.

Rev Neurocienc 2021;29:1-24.

10



It should be noted that during the gestational period,
pregnant women are considered immunosuppressed and are
more susceptible to infections!?. Cytokines can be directly
produced in the brain of the fetus, or even reach the CNS,
crossing the immature blood-brain barrier (HBE), thus
altering the neurodevelopment®.

A large study, in 2015, with more than 24,000 cases
diagnosed with ASD, showed that there was an increase in
ASD rates in the offspring of hospitalized mothers in the year
prior to pregnancy; the risk of ASD increased under any
hospital diagnosis, including viral and bacterial*4.

More attention should be given to prenatal infectious
processes, as there is a strong correlation with the
prevalence of ASD in the offspring, in view of the
immunological fragility that the maternal organism is subject
to, being an easy target for infection during pregnancy#>:19,
Also, there is a necessity of immediate and adequate follow-
up and treatment to pregnant women in cases of viral
infections!>. However, it is worth noting that the causes of
ASD are still unknown, but there is a strong correlation with

signs of being multigeneous and multifactorial.

COVID-19 epidemiology in gravities and risk of ASD
During the gestational period, the pregnant women go
through several physiological alterations in their organism
and may present with immunosuppression, which may
increase the risk of developing more serious diseases,

becoming more susceptible to respiratory infections?-2,
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Studies related to previous acute respiratory syndrome
(SARS-CoV) and Middle Eastern respiratory syndrome
(MERS-CoV) coronavirus epidemics in the last two decades
have been especially severe, with approximately one-third of
infected pregnant women coming to death?.

Due to physiological alterations in the gestational,
immunological, and cardiopulmonary periods, pregnant
women are more susceptible to respiratory and systemic
complications during processes of viral infections!?. This
information is pertinent, as COVID-19 pneumonia progresses
rapidly from bilateral consolidation to bilateral diffusion of
the pulmonary parenchyma, more readily predisposing to
hypoxemic respiratory insufficiency in pregnant womens.

In influenza A (H1N1) preghant women made up 1% of
those infected but had 5% of deaths. SARS-CoV and MERS-
CoV were responsible for a high number of maternal
complications, with urgent need for hospitalization; intensive
care, need for assisted ventilation, renal failure and death.
In pregnant women who had SARS-CoV and MERS-CoV there
was a high number of premature births, fetal growth
restriction, abortion and fetal death!2.

Any serious infection during the gestational period may
compromise its evolution, even increasing the risk of
premature births'®,

Premature births are an important risk factor for child
development problems, including ASD. In a study conducted
in Atlanta, Georgia, between 1981 and 1993, it was found

that gestational age was associated with twice the increase
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in risk for ASD in premature births!’. There is the possibility
that prematurity is correlated with a higher risk of incidence
of autism because newborns, who with time developed ASD,
presented high rates of this perinatal complication.
Prematurity, therefore, is possibly associated with a higher
risk of ASD?/10,

Pregnant women with COVID-19 are more prone to
hospitalization and have a higher risk of admission to
intensive care units (ICU), with subsequent need for
mechanical ventilation than infected non-pregnant women’.

Autism was also related to fetal suffering, as oxygen
deprivation could damage vulnerable regions of the brain,
such as the base ganglia, hippocampus, and lateral
ventricles. Fetal hypoxia is strongly related to a higher risk
of developing autism. The association between ASD and
perinatal asphyxia is present in several studies!®.
Researchers have verified that fetal oxygen deprivation
increases the risk of TEA and recently, studies have
highlighted the occurrence of ASD in very premature babies®
11.

In short, perinatal factors such as fetal hypoxemia,
asphyxia, intrauterine growth restriction, respiratory
discomfort syndrome, among others, are associated with the
increased prevalence of autism18,

Of nine pregnancies infected by COVID-19, all had
cesarean delivery!®. Out of 13 pregnant women infected by
SARS-CoV-2, five required urgent cesarean section (38%)

and six deliveries were premature (46%)%°. One of the
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pregnant women needed intubation for mechanical
ventilation. IN other study, it was observed seven cesarean
sections and five premature births, the high number of
cesarean sections was due to the severity of the clinical
picture of COVID-19 infection?!.

The Centers for Disease Control and Prevention (CDC)
during the days of January 22nd to June 7th, 2020, verified
a total of 8,207 cases of pregnhant women infected by COVID-
19 in the United States of America (USA). One third (31.5%)
of pregnant women were hospitalized compared to 5.8% of
infected non-pregnant women. The pregnant women were
more likely to be admitted to the ICU and consequently use
mechanical ventilation’.

By May 12, 2020, more than 90 scientific reports of
SARS-CoV-2 infection during gravities were published, some
cases of critical-stage disease were reported in the third
trimester of pregnancy??. Most women underwent cesarean
section for medical indication (75%), with some cases being
necessary due to fetal distress.

In the United Kingdom (UK), about 427 pregnant
women were diagnosed with SARS-CoV-2 in 194 hospitals
surveyed. One in 10 of these preghant women admitted with
SARS-CoV-2 infection required respiratory support. About
12% of the pregnant women had premature birth due to
respiratory compromise??.

The hospitalizations due to the critical stage
involvement by COVID-19 in preghant women occurred at

the end of the second trimester of pregnancy or beginning of
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the third trimester, which replicates the pattern observed in
other respiratory viral infections that affect pregnant women,
such as the Influenza A (H1N1) virus, with high rates of
hospitalization in the third gestational trimester??.

A recent study conducted in Brazil, a survey from the
first case of SARS-CoV-2 infection in their pregnant women,
February 26, 2020, to June 18, 2020, using the surveillance
system for Acute Respiratory Distress Syndrome (ARDS) of
the Ministry of Health (MS). The COVID-19 SRDA was
diagnosed in 978 pregnant women and in the postpartum
period, 207 (21.2%) of these were admitted to the ICU3.

Maternal immune activation and ASD

The living conditions in the intrauterine environment
play an important role in the development of the fetus,
changes triggered by various stimuli on the mother can alter
the physiological homeostasis of the offspring?3. The
embryonic development, as well as the processes of
formation of organs and tissues, can be easily disturbed.
Thus, the stimuli received during prenatal life can trigger
profound changes in the body and health of the offspring
even during adult life?4,

The immune system consists of cells and molecules that
defend the body effectively against diseases. Some
pathological agents can activate this system, triggering an
immune response that protects the body against damage?>.
The Maternal Immune Activation (MIA), interaction between

the maternal immune system and infections by different
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pathogens, such as viruses, have repercussions on the
health of the pregnant woman and the fetus that is still
developing. This relationship can have repercussions in
alterations in the fetal neurodevelopment, increasing the risk
of developing psychiatric disorders in the offspring, since the
maternal organism generates an immunological response
that, consequently, will produce cytokines, such as IL-6,
during the gestational period>.

Recent studies have hypothesized that the altered
expression of pro-inflammatory cytokine levels in the fetal
environment in response to MIA may disturb the
development of the brain and its neural connections,
resulting in possible long-term effects on the individual's
mental functions?2,

Pre-clinical evidence and epidemiological data associate
the altered levels of expression of pro-inflammatory
cytokines in fetal behavior; due to prenatal exposure to
immunogenic agents; with the involvement of behavioral
alterations in the offspring, and the type of pathological
agent, the period of immunoaactivation and the intensity of
it, have repercussions on the type of neurological and
behavioral change observed in the offspring?®.

In inflammatory processes MIA increases the release of
glucocorticoids and the increase in the expression of pro-
inflammatory cytokines, such as interleukins 1B (IL-1PB),
interleukins 6 (IL-6) and tumor necrosis factor a (TNF-a)
and/or antibodies in the maternal systemic circulation from

MIA, which could easily cross the placental and blood-brain

Rev Neurocienc 2021;29:1-24.

16



barrier, acting directly on the fetal brain parenchyma, or
initiate a cascade of events in the placenta, blood and brain
tissue leading to cytokine production by the fetal astrocytes
and microglia. Or the pathological agents can be identified
by trophoblast cells and, consequently, initiate the
production of cytokines that may act on the fetus. Thus, the
cytokines could affect neurodevelopment, acting in migration
and differentiation processes resulting in behavioral changes
later in the offspring?6-28,

In a recent study, during the process of MIA by viral
infection, there is an exacerbated production of pro-
inflammatory cytokines, with the concentrations of IL-6
interleukin  significantly elevated in the placental
environment, which would thus activate the JAK/STAT-3
route, affecting the reduction of placental synthesis of the
IGF-1 hormone?’. Thus, IGF-1 deficiency in the newborn
would be correlated with the subsequent development of
autism in the newborn, and with the incidence of fever during
maternal infection, it would double the risk of autism in the
offspring.

This exacerbated production of cytokine IL-6 in the
maternal organism was observed in the pathogenesis of
previous pandemics; in the Spanish flu of 1918, in the
outbreak of SARS-CoV in 2003, in the H5N1 influenza of
1987 and in MERS-Cov in 2012. In a recent report from
China, it was found that in the severe stages of COVID-19,
besides the "cytokine storm", there was an exaggerated

increase of IL-6. It was observed that the lung parenchyma,
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in these cases of infection by SARS-CoV-2, expressed in
excess the IL-6%°,

Prenatal and perinatal environmental exposures to
infectious agents and inflammatory processes are the most
well-known risk factors in the literature for ASD involvement
in the offspring, as they possibly affect fetal programming.
This maternal environment exposed to infections and
inflammations has repercussions on a variety of
inflammatory cytokines*1>, The inflammatory,
neurochemical, and neural hypoperfusion abnormalities
seem to be the most consistent correlations for the
involvement of ASD in the descendants3°,

Thus, viral infections trigger prenatal immunogenic
stimuli, consequently leading to MIA, resulting in possible
alterations in neurogenesis and fetal myelinization, being
causally related to the pathogenesis of neurodevelopmental
disorders in the offspring, especially autism>8-10,

In recent decades, studies have shown increasing
evidence about the etiology of neuropsychiatric diseases,
correlating the prenatal environment, where insults to the
fetus during this critical moment of development can
negatively affect and alter brain development, acting as risk

factors for autism in the diagnosis*®:10,

Recent findings in covid-19 infected neonates and
possible neurodevelopmental disorders

There is evidence that viral infections during the

prenatal period, as well as increased expression of pro-
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inflammatory cytokines, are "initiators of
neurodevelopmental disorders”" because they impact
maternal immune activation3!. IL-6, expressed during
Maternal Immune Activation (MIA), may influence feto-
placental interactions and, consequently, fetal
neurodevelopment with increased risk for psychiatric
disorders in the offspring. Furthermore, in a longitudinal
study, changes in brain architecture, executive function, and
working memory skills were verified in neonates at 2 years
of age exposed to high levels of IL-6 during pregnancy3!.

In a recent study, it was found that there was
transplacental transmission by SARS-CoV-2 in a newborn
from an infected mother in the last trimester of gestation and
that he presented with neurological impairment.
Transmission was confirmed by comprehensive virological
and pathological investigations3?. The infection caused: (1)
maternal viremia; (2) placental infection demonstrated by
immunohistochemistry and high viral load; (3) placental
inflammation, demonstrated by histological examination and
immunohistochemistry; and (4) neonatal viremia after
placental infection. The nuelo presented with neurological
manifestations like those described in adult patients.
Neurological symptoms, due to cerebral vasculitis, may also
be associated.

The case of a mother with COVID-19 undergoing
premature delivery of two fetuses with positive SARS-CoV-2
test was identified in her placental tissues and amniotic fluid.

Histological examinations of the placentas showed chronic
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intervillositis and extensive intervillous fibrin deposition with
ischemic necrosis of the surrounding villi33.

In a recent literature review, it was seen that of a total
of 245 gravidas infected with COVID-19, 89.0% had
cesarean deliveries. Of these, 33.3% had gestational
complications, there were also 35.3% premature deliveries,
and about 2.5% stillbirths or neonatal death. Among the
newborns tested, 6.45% had SARS-CoV-234 infection34.

The studies with placentas, embryos, and brain
organoids suggest that fetal organs, including the brain, may
also be vulnerable to COVID-19 infection3°. Furthermore, in
a recent case study conducted in Paris, there were transient
neurological complications in newborns of pregnant

mothers3>,

CONCLUSIONS

Considering the highly sophisticated processes of brain
development, any alteration such as maternal exposure to
infectious and inflammatory insults that potentially
reverberates maternal immune activation can compromise
the development of fetal brain architecture and function.

These events can result in alterations in maternal-fetal
neurogenesis and neuroanatomical changes, the basis of
etiopathogenic theories that are directly involved in the
pathogenesis of neurodevelopmental disorders,

predisposition to affective and psychiatric disorders.
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There are still insufficient data in the literature on the
degree of neurodevelopmental impairment of maternal
SARS-CoV-2 infection to the embryo. However, the findings
so far indicate that there may be potential risks to the fetus,
thus greater attention should be paid to these offspring,
since prenatal infectious processes may act as an etiological
factor to trigger acquired encephalopathies, with the
emergence of various types of disorders in the child such as
Autistic Spectrum Disorder, as well as mental retardation,
schizophrenia, dyslexia, cerebral palsy, epilepsy, and bipolar

disorder.
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