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Abstract
Autism spectrum disorder (ASD) is a group of heterogeneous, multi-factorial, 
neurodevelopmental disorders resulting from genetic and environmental factors 
interplay. Infection is a significant trigger of autism, especially during the critical 
developmental period. There is a strong interplay between the viral infection as a 
trigger and a result of ASD. We aim to highlight the mutual relationship between 
autism and viruses. We performed a thorough literature review and included 158 
research in this review. Most of the literature agreed on the possible effects of the 
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viral infection during the critical period of development on the risk of developing autism, 
especially for specific viral infections such as Rubella, Cytomegalovirus, Herpes Simplex virus, 
Varicella Zoster Virus, Influenza virus, Zika virus, and severe acute respiratory syndrome 
coronavirus 2. Viral infection directly infects the brain, triggers immune activation, induces 
epigenetic changes, and raises the risks of having a child with autism. At the same time, there is 
some evidence of increased risk of infection, including viral infections in children with autism, due 
to lots of factors. There is an increased risk of developing autism with a specific viral infection 
during the early developmental period and an increased risk of viral infections in children with 
autism. In addition, children with autism are at increased risk of infection, including viruses. 
Every effort should be made to prevent maternal and early-life infections and reduce the risk of 
autism. Immune modulation of children with autism should be considered to reduce the risk of 
infection.

Key Words: Autism; Children; Rubella; Cytomegalovirus; Herpes simplex virus; Influenza virus; Zika virus; 
SARS-CoV-2; COVID-19; Viral infection

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is a mutual relationship between viral infections and autism. There is an increased risk of 
developing autism when contracting a viral infection during pregnancy or early postnatal life during the 
critical period of brain development. At the same time, children with autism have many co-morbidities 
that expose them to more risk of contracting infections, including viruses. Therefore, every effort should 
be made to prevent infections, especially during this critical period of neurodevelopment. Parents should 
also be educated about the importance of vaccination and immune modulation in children with autism to 
avoid further infections.

Citation: Al-Beltagi M, Saeed NK, Elbeltagi R, Bediwy AS, Aftab SAS, Alhawamdeh R. Viruses and autism: A 
Bi-mutual cause and effect. World J Virol 2023; 12(3): 172-192
URL: https://www.wjgnet.com/2220-3249/full/v12/i3/172.htm
DOI: https://dx.doi.org/10.5501/wjv.v12.i3.172

INTRODUCTION
Autism is a group of heterogeneous, multi-factorial, neurodevelopmental disorders that occur during 
infancy and toddlerhood, best described as a spectrum rather than a disease. It is characterized by 
language, social communication, interaction problems with restricted, repetitive, or stereotyped 
behaviours or interests, and the inability to generate biologically determined, regular, emotional 
interaction with others[1]. Autism spectrum disorders (ASD) involve autism, pervasive developmental 
disorder not otherwise specified, and Asperger's disorder. In addition, ASD, childhood disintegrative 
disorder, Rett's disorder, and the overactive disorder accompanied by mental retardation and 
stereotyped movements form pervasive developmental disorders. The diagnosis of autism is made by 
identifying at least two domains (out of three) of impaired social interaction and/or communication and 
restricted, repetitive, or stereotyped behaviour, interests, and activities[2,3].

There is no one definite cause of autism. Several factors play together to increase the risk of de-
velopment of autism, including genetic, epigenetic, and environmental factors that may work in 
combination to affect the brain during the crucial phases of early development. The genetic causes of 
autism could result from single-gene mutations or abnormal copy number variations (such as large 
deletions, duplications, inversions, or translocations of chromosomes)[4]. As autism is likely to run in 
families, specific genetic changes may increase the risk of autism development in children. Therefore, 
the risk of recurrence of pervasive developmental disorders ranges between 2% and 8% in siblings of 
children with autism[5]. Lichtenstein et al[6] showed that monozygotic twins had higher rates of ASD 
and other neuropsychiatric disorders than dizygotic twins. However, this increase in the risk is not only 
due to the shared genes but also could be related to the shared environment, as identified by several 
twin studies[6,7].

Therefore, specific environmental conditions may increase or decrease the risk of autism in 
genetically predisposed patients through epigenetic modification by affecting gene expression quantity 
and quality without altering the DNA sequence. The epigenetic modification of gene expression occurs 
through altering DNA methylation, changing histone proteins, or modifying the expression of 
noncoding RNAs[8]. According to Barbeau[9], three pathways trigger the development of autism. The 
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first pathway is activated by in-utero insult or injury, while obstetric complications at birth initiate the 
second pathway. The third pathway is triggered by various environmental triggers affecting infants in 
the first three years of life. The environmental factors include antennal factors (e.g., parental age, 
especially the father's age, the mother's physical and mental health, prenatal drug use, and family 
socioeconomic status), prenatal factors (preterm delivery, abnormal presentation, cesarean section, fetal 
complications, neonatal hypoxia, respiratory distress, natal bleeding, low-birth weight, seizures at 
birth), and postnatal factors (e.g., neonatal jaundice, early infection, sepsis, meningitis, encephalopathy, 
postnatal vitamin D deficiency, etc.)[10].

The sharp rise in ASD incidence observed worldwide is due to the increased prevalence of risk factors 
such as genetic predisposition, adverse environmental circumstances, and increased awareness about 
this disorder[11]. Infection is a common triggering factor in the three environmental pathways that 
affect autism development. Viral infection is widespread in all ages, including during the antenatal 
period. Viral infection during critical periods of early in-utero neurodevelopment may lead to an 
increased risk of autism in the offspring. On the other side, autism may be associated with impaired 
cellular and humoral immunity, which predisposes children with autism to encounter different types of 
infections, including viruses[12].

Meanwhile, some viruses may be used as a vector during gene therapy which could be a promising 
therapy for many diseases, including autism[13]. This review highlighted the mutual relationship 
between autism and viruses. The study focused on how viral infections may affect brain development 
and how this could be at play in some traits commonly associated with autism, such as difficulty 
communicating verbally or recognizing familiar faces. It also focused on how children with autism may 
have an increased frequency of infections, especially viral infections.

LITERATURE REVIEW
We conducted an inclusive literature review by searching different electronic databases, including 
Embase, PubMed, Cumulative Index to Nursing and Allied Health Literature, Cochrane Library, 
Scopus, Web of Science, Library and Information Science Abstracts, the National Library of Medicine 
catalogue, Ovid/Medline, and google search until January 31, 2023, related to viral infections and 
autism using the terms autism, autism spectrum disorders, viral infections, rubella, cytomegalovirus, 
influenza virus, Zika virus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), coronavirus 
disease 2019 (COVID-19), vibrobiota, neurodevelopment, perinatal, antenatal, natal, and postnatal. 
Reference lists were inspected, and citation searches were done on the included studies. We included 
papers written in English and with open access. Figure 1 shows the flow chart of the reviewed articles. 
We reviewed 458 articles concerned with the viral infection and autism in children; 158 were included in 
the study.

PROPOSED UNDERLYING PATHOPHYSIOLOGY OF AUTISM
ASD pathogenesis is not fully recognized. Autism has different pathophysiological neuroanatomical, 
and neuropsychological changes in the affected patients' brains that affect many brain functions 
resulting in the characteristic cognitive and behavioural changes of autism. Different genetic and 
environmental factors activate pathological pathways that disrupt brain development[14,15]. Behaviour 
and social impairment are among the hallmarks of autism. ASD is diagnosed based on behavioural 
impairments in social communication, interest fixation, and repetitive behaviours. These social 
impairments may be related to the improper interpretation of social signals[16]. Evidence from healthy 
individuals suggests that potentially threatening situations, such as others' proximity, can trigger 
several physiological responses that help regulate the distance between themselves and others during 
social interaction. Vicarious fear learning critically impacts cognitive abilities, receiving a neutral image 
as threatening and frightening as phylogenetically innate negative and dangerous stimuli, consequently 
affecting the person's behavioural control[17,18]. Individuals with ASD have social impairments, 
potentially due to the lack of or improper social signal interpretation, resulting in the inability to 
interpret these signals to guide appropriate behaviours[19]. In utero or early life, disruption of normal 
brain development triggers the subsequent development of neuropsychiatric disorders during later life
[20].

The brain volume and weight are usually more prominent in children with autism with larger head 
circumferences than in typically developed children. The brain overgrowth observed in children with 
autism is not precisely understood. However, it could be related to excess neurons that induce local 
overconnectivity in specific brain regions. It also could be related to abnormal neuronal migration 
during early pregnancy with abnormal synaptogenesis and formation of dendritic spines and disturbed 
excitatory-inhibitory networks[21-23]. Changes in the division rates of germinal cells induce abnormal 
daughter cells migration to their target regions, causing autism-associated sensory and motor deficits
[24].
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Figure 1  Shows the flow chart of the reviewed articles.

Neuroinflammation is common in ASD with low-grade chronic inflammatory reactions and increased 
pro-inflammatory cytokines in cerebrospinal fluids (CSF) and specific brain areas due to microglial cells 
and innate neuroimmune system activation[25]. Altered immune function induces neuroinflammation, 
affecting many neurological processes, including neural development, brain structures, synapse 
plasticity, cognition, and behaviour[26]. This neuroinflammation may begin in early embryogenesis 
during the critical periods of neurodevelopment, resulting in unsuccessful neurodevelopment. Various 
antenatal factors, such as maternal vitamin D deficiency, medication use, such as valproic acids, pre-
natal infection, and neonatal hypoxia, can trigger autism-related neuroinflammation. Brain 
development during the perinatal period is critical and particularly vulnerable to the effects of abnormal 
immune activation with detrimental consequences on neurodevelopment and alterations in neural 
connectivity[27]. Gastrointestinal abnormalities, repeated infections with gut dysbiosis, and impairment 
of the gut-brain axis cause immune imbalance and trigger neuroinflammation[28]. The role of neuroin-
flammation in autism pathogenesis is proved by observing the raised reactive microglial and astrocyte 
numbers in postmortem tissue from patients with ASD and animal models[29]. Other evidence of 
neuroinflammation is frequent reporting of dysregulated immune responses, anti-brain antibodies in 
CSF and blood, and several neurotransmitter abnormalities, such as increased serotonin levels in 
children with autism. Neuroinflammation identification and other markers of immune profile 
abnormalities can hypothetically lead to more consistent diagnostic measures and options for treating 
ASD[30,31].

The mirror neuron system (MNS) is essential in developing social and communication skills by 
helping to understand other people via imitating their behaviour through personified simulation, 
intentions, action perceptions, and emotions. Children with autism were found to have structural 
abnormalities in MNS regions, causing impaired activation of the imitation core circuit in children with 
autism. Remarkably, the activity of MNS regions is inversely related to the severity of the deterioration 
of social domain communication, which can explain the social impairment in children with autism[32,
33]. However, children with autism can still mimic goal-directed behaviours[34]. In addition to the 
impaired MNS observed in children with autism, they have impaired activation of many other brain 
circuits outside the MNS[35]. For example, patients with autism may have an altered functional 
organization of their large-scale task-negative brain network engaged in social and emotional 
processing. However, they have an intact organization of the task-positive brain network, which 
maintains attention and goal-directed thinking[36]. Therefore, it was unsurprising when Chiu et al[37] 
found different signalling patterns in the cingulate cortex using functional neuroimaging with severely 
reduced cingulate self-response when playing games in patients with autism from that observed in 
typically developed partners. Some studies showed that patients with autism might have local overcon-
nectivity in the cortex with reduced functional connectivity between the frontal lobe cortex and the rest 
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of the cerebral cortices with poor high-level neural connectivity and synchronization and disordered 
association cortex[38,39].

Neuroinflammation of the brainstem causes brainstem dysfunction, including sensory processing 
abnormalities[40]. Since the thalamus is close to the brainstem, neuroinflammation could also affect it, 
augmenting autonomic nervous system dysfunction. Therefore, children with autism have intermittent 
autonomic nervous system dysfunction with enhanced sympathetic excitation and parasympathetic 
hypofunction causing chronic sensory hyperarousal state in children and sleep disorders. Autonomic 
dysfunction also affects heart rate, blood pressure, respiratory rhythm, gastrointestinal motility, gastric 
acid, and intestinal enzyme secretion[41,42]. Immune dysregulation and autoimmunity can induce 
neuroinflammation, cytokine dysregulation, and inducing anti-brain antibodies, significantly impacting 
brain development, causing neurodevelopmental deficits and playing a role in autism progression[43]. 
Vargas et al[44] showed the presence of neuroinflammatory markers and elevated cytokines, and 
enhanced activity of microglia and astrocytes in postmortem autopsies from patients with autism 
between 5 to 44 years, indicating permanently activated immune status in patients with autism. Table 1 
summarizes the possible underlying mechanisms and triggering factors for autism.

VIRAL INFECTION AS A TRIGGER OF AUTISM
Increased susceptibility to infection is a common problem during pregnancy due to various 
pathophysiological and mechanical changes and immune system adaptation necessary to keep the fetus 
in utero and prevent expulsion. Therefore, there is an increased chance of asymptomatic and 
symptomatic viral infection during pregnancy[45]. Some viruses can cross the placental barrier, 
reaching the fetus and causing devastating developmental fetal effects[46]. Infection is an important 
trigger for immune activation. Viruses can directly infect the brain, causing neuron cell death by cell 
lysis, the release of free radicals, or apoptosis induction, inducing a systemic inflammatory response 
that affects the brain or alters the maternal or their offspring's immune status, which could influence 
autism development. Viral-induced immune activation causes elevated levels of pro-inflammatory 
cytokine IL-6, which changes brain gene expression in the offspring, driving abnormal behaviour 
development[47]. Maternal immune activation increases maternal pro-inflammatory cytokines, activates 
maternal T-helper-17 cells, and increases IL-6 mRNA and protein in the fetal brain and the placenta 
making specific placental tissue changes commonly observed in patients who developed ASD[48-51]. 
Some viruses, such as rubella and cytomegalovirus, may have a teratogenic effect on the fetus, 
impairing brain functions and causing autism[46]. The brain and immune system are not fully 
developed in fetuses and young infants, so they are at high risk of viral-induced brain damage. 
Therefore, maternal viral infection and inflammation during critical periods of pregnancy could result 
in an unfavourable intrauterine environment and alter the brain structure and function, raising the risks 
of having a child with autism[52]. The effects of maternal infections depend on many factors, including 
genetic susceptibility, the time of infection in pregnancy (early or late), and the severity of the infection
[53]. Figure 2: General mechanism of viral infection in the induction of autism.

More than 50 years had elapsed since the link between viral infection and autism development 
appeared on the surface when Chess et al[54] observed the development of autism in 7% of children 
suffering from congenital rubella. One year later, Deykin and MacMahon[55] hypothesized that direct 
exposure to or getting infected with prenatal rubella, measles, mumps, or postnatal mumps might have 
a causal role in developing autism. After that, many studies documented the link between other viral 
infections, such as polyomaviruses, cytomegalovirus, and influenza, with the increased risk of autism
[56,57]. Many animal studies have shown the role of prenatal or early postnatal exposure to infections, 
including viruses, in developing permanent neurological and behavioural abnormalities in offspring 
involving autism features[57,58]. Shi et al[57] showed that pregnant mice infected with the human 
influenza virus give up offspring with significant behavioural abnormalities as adults, including schizo-
phrenia and autism, with deficits in prepulse inhibition in the acoustic startle response. Moreno et al[59] 
showed that antenatal mice-adapted influenza virus infection could induce behavioural changes by 
altering serotonin and glutamate systems via upregulating serotonin 2 A receptors and downregulating 
metabotropic glutamate receptor 2 in the frontal cortex of the born mice.

There is increasing evidence that a prenatal infection can lead to autism. Maternal infection by DNA 
or RNA viruses that can cross the maternal-fetal interface may induce neurodevelopmental problems in 
the developing fetus[60]. A study published in the American Journal of Perinatology 2017 Looked at 
data from more than 100000 children who were a part of the Kaiser Permanente health system in 
California from 1991 to 2009. It showed that women who developed an infection in the third trimester 
were at an increased risk for developing autism in their children[61]. Another study by Croen et al[62] 
showed that the risk of autism is double in mothers with second-trimester infections and fever, 
suggesting that the infection-induced inflammation during a specific temporal window of pregnancy 
may be an etiological factor. Fang et al[63] studied 4184 children with ASD, and 16734 healthy, 
controlled-matched children over seven years between 2000 and 2007 to evaluate the link between 
prenatal infections and the risk of developing autism across three trimesters. They showed that 
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Table 1 The possible underlying mechanisms and triggering factors for autism

Possible mechanism Effects

Immune dysregulation and 
autoimmunity

Neuroinflammation, cytokine dysregulation, and inducing anti-brain antibodies

Neuroinflammation of the Cortex: Raised reactive microglial and astrocyte numbers → excess neurons → local overcon-
nectivity in specific brain regions, abnormal neuronal migration during early pregnancy → abnormal synaptogenesis and 
formation of dendritic spines and disturbed excitatory-inhibitory networks, prominent brain volume and weight volume

Neuroinflammation of brainstem → brainstem dysfunction → sensory processing abnormalities → enhanced sympathetic 
excitation and parasympathetic hypofunction

Neuroinflammation

Neuroinflammation of thalamus → autonomic nervous system dysfunction

Abnormalities in mirror 
neuron system regions

→ Impaired activation of the imitation core circuit → social impairment

Impaired signaling patterns 
in the cingulate cortex

→ Severely reduced cingulate self-response → social impairments

Chronic sensory hyperarousal state in children and sleep disorders 

Affects heart rate, blood pressure, and respiratory rhythm

Autonomic nervous system 
dysfunction

Impaired gastrointestinal motility, gastric acid, and intestinal enzyme secretion

Underlying triggering 
factors

Maternal vitamin D deficiency, use of medication such as valproic acids during pregnancy, prenatal infection, neonatal 
hypoxia, preterm delivery, abnormal presentation, cesarean section, fetal complications, neonatal hypoxia, respiratory 
distress, natal bleeding, low-birth weight, seizures at birth, neonatal jaundice, early postnatal infection, sepsis, meningitis, 
encephalopathy, postnatal vitamin D deficiency

Augmenting factors Gastrointestinal abnormalities, repeated infections with gut dysbiosis, and impairment of the gut-brain axis cause immune 
imbalance and trigger neuroinflammation

contracting infections in the third trimester was slightly associated with a raised risk of ASDs. However, 
the effects of infection in the third trimester on the risk of autism development demands further 
exploration. Zerbo et al[64] showed that maternal infections during pregnancy, especially bacterial and 
multiple infections that need hospitalization, are associated with an increased risk of having a child with 
ASD. There is some evidence that boys are at a more increased risk of antenatal viral infection and, 
consequently, autism, primarily due to the noted sex bias seen in the placental immune response related 
to the viral infection[65]. The placenta in female babies can induce random X- chromosome reactivation, 
potentially increasing the gene dosage of specific X-linked genes at a very early or late pregnancy 
period, inducing enhanced protection against viral infection[66].

It should be noted that most of the included studies give evidence from an epidemiological 
perspective. It is essential to consider possible confounding factors and other disorders during preg-
nancy, such as preterm birth, low birth weight, maternal smoking, and seasonal variation. An 
interesting study showed that the risk of autism was highest in babies conceived in the winter and born 
in the fall, while the rate was lowest in babies conceived in the summer and born in the spring[67]. 
Could the rate be related to an increased incidence of infection during winter time or low exposure to 
sunlight during a period of critical neurodevelopment? This finding needs further exploration.

Not only does infection during pregnancy increases the risk of developing ASD, but infection in early 
postnatal life is also associated with increased risk. A study by Getahun et al[68] showed that preterm 
and term babies who encountered neonatal sepsis had a significantly increased probability of autism for 
both boys and girls and in all race-ethnic groups except Asian/Pacific Islanders compared with 
unexposed children. A case-control Danish study involving 414 children with ASD cases and 820 
children as controls showed that children with autism had a higher risk of infection-related hospital 
admission during the first year of life than the controls[69]. However, another study by Rosen et al[70] 
showed an increased risk of autism with infection during the first 30 days postnatal and not the first two 
years of life.

On the other hand, some previous studies showed no relation between antenatal viral infection and 
the risk of autism. Anlar et al[71] found no association between antibody levels against Human 
parvovirus B19 and the risk of autism in 22 children with autism and 50 children with other 
neurological disorders as control. However, they did not compare children with autism with typically 
developed children, which is a substantial limitation of the study. In addition, Sylvester Jørgensen et al
[72] found no significant differences in the prevalence of herpes simplex virus antibodies in 123 children 
with different psychiatric disorders, including autism, and 86 typically developed children. Meanwhile, 
Deykin and MacMahon[55] suggested that antenatal or early postnatal exposure to chickenpox, mumps, 
measles, or rubella did not increase the likelihood of developing autism. However, they proposed that 
combined infection of two or more of these viruses could increase the risk of autism, especially for 
antenatal mumps, measles, rubella, and postnatal mumps. However, there may be a limitation in these 
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Figure 2 General mechanism of viral infection in the induction of autism. The figure showed that maternal viral infection could reach the virus through 
vertical transmission and affect the placenta. It also causes maternal immune reactivation with activation of the maternal T-helper -17. This immune hyperactivation 
leads to a marked increase in the pro-inflammatory cytokines causing epigenetic changes in the fetus, which cause abnormal gene expression in the developing brain 
with overactivation of astrocytes and glial cells and the development of autistic manifestations.

studies' methodology that could explain the contradictory results with recent studies.

Specific viral infections and the risk of developing autism
Certain viruses are known to be more commonly associated with the development of autism.

Rubella: Rubella is a well-known RNA virus that can cause various congenital malformations when 
contracted, especially during the first trimester of pregnancy. Intellectual disabilities, including autism, 
are common among children with congenital rubella infection. The autism rate is 200 times more in 
these children than in the general population, reaching a rate of 8%-13% of children with congenital 
rubella syndrome[73]. Different mechanisms were proposed, including infection-induced hypervit-
aminosis A. Acute rubella infection induces mild liver dysfunction altering the liver metabolism of 
vitamin A with the spilling of the stored vitamin A complexes into the circulation, resulting in an 
endogenous type of hypervitaminosis A, which serves as a teratogen causing mitochondrial damage, 
DNA alteration, and apoptosis; inducing autism development[74] (Figure 3). In addition, the rubella 
virus can invade and replicate inside the brain cells. It also can cause cerebral vascular lesions and 
haemorrhages. It can also cause fulminant degeneration of leptomeninges with significant brain volume 
loss and destruction of white matter[73]. Therefore, many manifestations of congenital rubella 
syndrome, such as congenital heart defects, spasticity, deafness, and visual impairment, are common in 
children with autism. In addition, radiological findings, such as dilated perivascular spaces, 
periventricular leukomalacia, calcifications, and decreased perfusion to specific brain areas, are common 
for children with congenital rubella syndrome and those with autism[73]. Hence, rubella might still be a 
possible cause of autism, even in countries with well-vaccination policies.
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Figure 3 The effect of antenatal Rubella Infection on the brain. Rubella virus causes liver dysfunction, which induces altered vitamin A metabolism and 
endogenous hypervitaminosis A. This hypervitaminosis A causes mitochondrial damage, DNA alteration, and altered apoptosis, resulting in brain damage and autism 
manifestations.

Due to the high incidence of autism in children with congenital rubella infection, they should be 
followed strictly for signs of autism. Symptoms of autism may not appear till adolescence. Conversely, 
clinicians should screen children with autism for possible signs of congenital rubella infection[75]. This 
delay in developing congenital rubella infection manifestations could be related to persistent rubella 
virus infection in the affected organs or developing autoimmune responses to an old infection[76]. Even 
though the United States of America was declared free from congenital rubella syndrome in 2004, the 
rate of autism is increasing in the USA, reaching a rate of 1:59[77]. The increased autism rate may 
indicate that subclinical rubella still plays a role, or at least rubella infection is just one of the players.

Cytomegalovirus: Human cytomegalovirus (CMV) is a double-stranded DNA neurotropic beta-herpes 
virus. It is the most prevalent member of the human herpesvirus family with high species-specificity as 
a human is the only host. Therefore, it is recently known as human herpes virus 5 (HHV-5)[78]. 
Congenital CMV infection is one of the leading infectious causes of neurological impairment in the new 
coming baby, with an infection rate between 0.5% and 1%. Congenital CMV infection can produce 
various clinical manifestations at birth in 10%–15% of the infected babies. However, asymptomatic 
infections can be reactivated anytime throughout life[79]. Engman et al[80] showed that congenital CMV 
infection is present in 3% of children with autism. CMV infection blocks interferon production and 
impairs CD8 T-cell function, thus inhibiting the antiviral defense mechanism of the host and inducing 
inflammation both in the maternal circulation and the placenta. In addition, it causes local infiltration of 
macrophage and T-cells at the site of infection in vivo, altering immune function and playing a 
significant role in perinatal brain injury[81,82]. CMV infection-associated alteration of the immune 
response causes disrupted development of particular regions or structures in the brain that lead to the 
development of autism[83].
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CMV infection increases the circulating maternal pro-inflammatory cytokine levels, which is 
associated with an increased risk of autism and other mental disorders[84]. Children with congenital 
CMV infection may have many typical features of autism, including poor development of adequate 
interpersonal relationships, weak eye-to-eye contact, impaired language development, and non-
thematic use of objects[85]. The presence of high CMV-IgM levels may indicate maternal infection with 
CMV[86]. Neonates with suspected congenital CMV could be diagnosed by detecting CMV-DNA in the 
cord blood or their urine in the first postnatal two weeks using real-time polymerase chain reaction[87,
88]. Children with autism suspected of having congenital CMV infection may also have positive CMV-
DNA in the urine and positive CMV- IgM antibodies in their serum[89,90]. Cranial ultrasound may 
show calcifications, increased periventricular echogenicity, ventriculomegaly, and intraventricular 
adhesions[91]. Magnetic resonance imaging (MRI) of their brain may reveal the presence of abnormal 
periventricular white matter intense areas, suggestive of disturbed myelination. MRI brain may also 
show an increased rate of hippocampal abnormality in children with congenital CMV infection. MRI 
may be normal in the first few weeks of life in children with congenital CMV; however, It may show the 
characteristic changes in white matter from temporal to posterior regions by one year of age[92,93]. 
Therefore, at birth, asymptomatic children might develop autism within the first few years of life[94].

In addition to congenital infection, CMV infection in infancy may raise the risk of developing autism. 
Postnatal CMV infection can impair overall cognitive functions and reduce intelligence during 
childhood and adolescence[58]. Lin et al[95] showed that CMV infection in infancy might raise the risk 
of consequent autism and epilepsy but not attention deficit hyperactivity disorder, particularly in 
infants under two years old. Yang et al[96] also showed that postnatal CMV infection might raise the 
predisposition to tuberous sclerosis and autism spectrum disorders. Both epilepsy and tuberous 
sclerosis are associated with an increased risk of autism[97].

Herpes simplex virus: The herpes simplex virus (HSV) is divided into two main types; HSV-1 and HSV-
2. HSV-1 is mainly transferred through the oral route, while HSV-2 is principally transmitted through 
sex. About 67% of the global population has HSV-1 infection, while 13% have HSV-2 infection 
worldwide. About 15% of women of childbearing age are seropositive against HSV-2 globally[98]. HSV 
induces the release of inflammatory molecules and immune system activation that alter the brain 
structure with abnormal growth of the cerebral neocortex, a common finding in children with autism, 
especially during the first 6-12 mo of life[99]. A Norway study between 1999 and 2008 showed that 
active infection with HSV-2 in early pregnancy doubles the risk of developing autism in the male fetus. 
They found that increasing HSV-2 IgG levels in maternal mid-pregnancy plasma from 240 to 640 
arbitrary units/mL doubles the risk of developing autism in male fetuses after adjusting for parity and 
the child's birth year. There were few female fetuses included in the study to conclude similar results. 
The presence of high mid-pregnancy antibody levels against HSV-2 might indicate an active maternal 
infection during early pregnancy[100]. However, a study by Gentile et al[101] showed no significant 
differences in the seropositivity rates and levels of anti-HSV-1 or anti-HSV-2 between children with 
autism and the controls. Another study by Slawinski et al[88] showed that the antenatal infection with 
CMV and not HSV-2 increases the risk of autism in the coming children. We still need more research to 
prove or disprove the effect of antenatal infection with HSV-2 on the risk of developing autism in the 
offspring.

Varicella-zoster virus: Varicella-zoster virus is s an alpha herpes DNA virus known as human 
herpesvirus 3 that causes chickenpox and herpes zoster (shingles). It is a neurotropic virus that can 
cause latent infection in the sensory nerve ganglia. It also induces neuroinflammation and is implicated 
in many central nervous system disorders, such as multiple sclerosis, that can share some common 
pathophysiologic features with ASD[102]. There is not much evidence about its role in the pathogenesis 
of autism. Gentile et al[103] showed an increased seropositivity rate for Varicella Zoster Virus in 
children with autism than in controls. They hypothesized that exposure to Varicella Zoster Virus and 
high titers of specific anti- Varicella Zoster Virus antibodies had a significant association with ASD. 
However, this association could be a cause or, on the other side, be due to increased susceptibility to 
infection with Varicella Zoster Virus due to vaccinophobia to MMR. Therefore, we need more studies to 
prove or disprove its causal relation. Some anti-varicella medications that are used to prevent or treat 
latent varicella infection can improve the symptoms of autism, establishing the causal relation of 
varicella infection with autism[104].

Influenza viruses: Influenza is caused by a group of enveloped negative-sense RNA Orthomyxoviridae 
viruses categorized into four main subgroups; Influenza types A, B, C, and D; among them, types A and 
B cause the well-known respiratory influenza disease. Influenza affects about 5%-15% of the world's 
population yearly, with more than three million people encountering severe infections and large 
numbers of hospitalization and deaths[105]. Influenza is associated with increased morbidity and 
mortality in high-risk groups, including pregnant women, and during the first two postpartum weeks, 
reliant on pre-existing immunity[106]. Some studies showed an increased risk of adverse neurodevelop-
mental outcomes such as autism or schizophrenia when pregnant ladies encounter influenza during 
pregnancy[107]. Mahic et al[108] found a statistically non-significant increase in the risk of autism in the 
offspring of seropositive mothers with symptoms of influenza during mid-pregnancy compared to 
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seronegative mothers. The chance may be responsible for this difference. Other biological factors, such 
as maternal immune system activation, could also be responsible. In addition, the influenza virus can 
trigger a cascade of acute-phase reactions, including fever which by itself increases the risk of autism, 
together with a systemic increase in cytokine expression[109].

However, many recent studies showed no increased risk of developing autism with influenza 
infection or vaccination during pregnancy in the offspring. In addition, Zerbo et al[110] showed no 
significant association between influenza infection and the risk of autism in the offspring. Meanwhile, 
they found a statistically non-significant increased risk of autism in the offspring when pregnant ladies 
received influenza vaccination during the first trimester. However, they emphasized that this 
observation should not call for any change in vaccination policy or practice. A more recent study by 
Becerra-Culqui et al[111] reported the same finding when they found no association between prenatal 
influenza infection or vaccination and increased risk of autism in offspring. They strongly recom-
mended influenza vaccination to pregnant ladies to protect themself and their offspring. In addition, 
treatment of or prophylaxis against influenza during pregnancy did not pose a significant risk of 
autism. We should not ignore that influenza infection during pregnancy could increase the rate of 
complications such as preterm labor and encountering high-grade fever, which by itself increases the 
risk of autism. In addition, the discrepancies in the results of different studies could be related to 
methodological or population differences or the changes in the influenza virus structures across 
generations. Therefore, we need to perform more analyses on a broad scale.

SARS-CoV-2 viruses: COVID-19 is caused by infection by SARS-CoV-2, one of the beta coronaviruses, 
which caused the pandemic coronavirus COVID-19, posing a severe threat worldwide. SARS-CoV-2 can 
spread from the respiratory tract to the central nervous system through the olfactory bulb. COVID-19 
induces brain structural changes that cause various neurologic complications that could last long[112]. 
There is a rising concern about the potentially harmful effects of SARS-CoV-2 on pregnancy that could 
affect the pregnant lady and her fetus[113]. Currently, there is no proof of SARS-CoV-2 vertical 
transmission from the mother to her fetus, which could be due to the preventive effect of placental 
lactoferrin. However, the virus could be transferred postnatally via the mother's air droplets or during 
breastfeeding[114]. Severe gestational COVID-19 induces uncontrolled inflammatory cytokine storm 
release and maternal immune activation, causing possible fetal organ damage, including the brain, that 
could manifest later with autism symptoms[28]. The induced inflammation causes amygdala neurode-
generative changes by "short-circuiting the electrical system," producing emotional feeling ability 
impairment and abnormal fear regulation due to an abnormal hypothalamic-pituitary-adrenal axis 
system[115].

Gestational COVID-19 activates the maternal immune system, increasing the pro-inflammatory 
cytokine production that inhibits the synthesis of placental Insulin-like growth factor-1 (IGF-1). 
Decreased IGF-1 production impairs perinatal myelination and induces dysconnectivity of the 
developing brain with permanent neurological deficits[116]. IGF-1 deficiency causes reduced perinatal 
neo-neuronal myelination mediated by oligodendrocytes in the developing nervous system, which in 
turn causes the early death of cerebellar Purkinje cells and the development of autism[117]. 
Additionally, SARS-CoV-2 infection can activate mast cells which in sequence activate microglial cells, 
releasing excessive inflammatory molecules, stopping synapses "pruning," damaging neuronal 
connectivity, and reducing the fear threshold, disorderly the emotional expression detected in children 
with autism[118] (Figure 4).

These changes can explain the increase in the rate of autism during the COVID-19 pandemic. Edlow 
et al[119] showed that in-utero exposure to SARS-CoV-2 infection might be associated with increased 
neurodevelopmental disorder rates in some offspring. However, Brynge et al[120] showed that the 
increased association of autism and other intellectual disabilities in the offsprings of mothers infected 
with SARS-CoV-2 during pregnancy does not necessarily reflect the causal relationship but is more 
probable to be related to common familial conditions such as shared genetic and environmental factors. 
On the other hand, Dutheil et al[121] claimed that the COVID-19 pandemic might be a reason for a 
decrease in the incidence of autism in a paradoxical phenomenon due to decreased global air pollution, 
which is a significant environmental trigger for autism.

To lessen the influence of gestational COVID-19, pregnant women should have adequate amounts of 
n-3 polyunsaturated fatty acids, vitamin D, folic acid, and a high choline and luteolin supplement. These 
supplements benefit brain development and function in the offspring of women who encounter viral 
infections during early pregnancy. Luteolin is a potent natural flavonoid inhibitor of microglia and mast 
cell activation and prevents SARS-CoV-2 binding to ACE2 receptors[118,122].

Zika virus: Zika virus (ZIKV) is an anthropoid-borne positive-sense RNA Flavivirus that spreads 
mainly by biting infected Aedes species mosquitos (Ae. aegypti and Ae. albopictus). It poses a 
significant threat to human health worldwide[123]. The severity of ZIKV infection ranges from mild 
influenza-like infection to severe conditions with neurological complications such as seizures and 
Guillain–Barré syndrome. Some strains of ZIKV can cross the placental barrier and infect cortical 
progenitor cells to promote cell death via enhancement of apoptosis and autophagy, producing severe 
congenital malformations (ZIKV Congenital Syndrome)[124]. ZIKV Congenital Syndrome includes 
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Figure 4 The effect of gestational severe acute respiratory syndrome coronavirus 2 infection on the offspring brain. Maternal infection with 
severe acute respiratory syndrome coronavirus 2 activates the mother's immune system, releasing an excess of pro-inflammatory cytokines that decreases the 
placental synthesis of IGF-1, resulting in impaired myelination and brain dysconnectivity and early death of cerebellar Purkinje fibres. In addition, maternal immune 
activation causes mast cell activation, which activates microglial cell activation. Microglial cell activation causes excess inflammatory molecules, stopping synapses 
"pruning," damaging neuronal connectivity, reducing the fear threshold, and impairing emotional expression ending in the development of autism manifestations. 
COVID-19: Coronavirus disease 2019.

microcephaly, hypoplasia or atrophy of the cerebral cortex, cerebellum, brainstem, abnormal cortical 
formation, corpus callosum anomaly, other neurological abnormalities, cerebral palsy, severe develop-
mental delay, and eye defects, which are one of the severe complications that occur when the mother 
gets infected during pregnancy[125]. Unfortunately, no specific antiviral medications or vaccines are 
available against ZIKV infection[126].

In a large population-based mother-child cohort study during the 2016-ZIKV outbreak in the United 
States, about 15.3% of toddlers with in-utero exposure to ZIKV had abnormal neurodevelopment 
findings at two years of age[127]. The inflammatory process generated by ZIKV during pregnancy has 
bi-mutual pathways. In one aspect, it helps to eradicate the virus, and in another aspect, it causes 
damage to the developing brain. The released inflammatory mediators, such as interleukin-6 and 
tumour necrosis factor-alpha, affect brain development, delay neuronal maturation, alter brain 
connectivity, and trigger autism symptoms[128]. There were some reports of increasing reported cases 
of autism in the offspring of mothers infected with ZIKV during pregnancy. Nielsen-Saines et al[129] 
observed 18 children who developed neurological symptoms out of 216 offspring from mothers infected 
with ZIKV during pregnancy. Six children out of 18 had autism manifestations. In addition, three 
children born asymptomatic developed autism manifestations at one year of age. In addition, Abtibol-
Bernardino et al[130] showed that five children out of 26 who had antenatal exposure to ZIKV 
developed severe neurological disorders; two of them had autism. Therefore, children with a positive 
history of in-utero ZIKV exposure should have a serial follow-up for any neurological impairment, 
including autism, even when born asymptomatic.

ANTIVIRALS AND DRUGS WITH ANTI-AUTISM EFFECTS
Henderson[131] described a four-year-old child with a bipolar disorder associated with violent 
aggression and manifestations of autism and attention deficit hyperactivity disorder resistant to conven-
tional treatment, including anticonvulsants, methylphenidate, guanfacine, lithium, and neuroleptics. 
After the failure of multiple regimens to stabilize the mood, the patient received a trial of valacyclovir 
1000 mg twice till improved, then with half the dose to complete three years. The patient improved 
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dramatically in irritability, volatile mood, social reciprocity, concentration, and overall personality. The 
potential benefit of valacyclovir could be related to improving subclinical herpes simplex. Meanwhile, 
Kimberlin et al[132] found that oral acyclovir (300 mg/square meter/dose taken three times daily for six 
months a) can improve the neurodevelopmental outcomes in children who survived neonatal herpes 
simplex disease with central nervous system involvement. In addition, naltrexone therapy may benefit 
children with autism, particularly in the presence of self-injurious behaviour, failure of other treatments, 
and "high opioid tone" autism[133]. Naltrexone has immune-modulating effects and prevents the 
activation of grey and white matter astrocytes in specific brain areas, especially frontal cortical tissues, 
causing a reduction of injurious behaviour[134]. Intravenous immunoglobulins (IVIG) are one of the 
well-established treatment methods for severe systemic infections, including viral infections[135]. IVIG 
showed promising efficacy in treating autoimmune encephalopathy in children with autism, especially 
with high anti-dopamine D2L receptor antibodies[136]. Connery et al[137] showed that IVIG effectively 
alleviated the symptoms of irritability in children with autism who developed autoimmune enceph-
alopathy. The presence of anti-dopamine D2L receptor antibodies is associated with improved respons-
iveness to IVIG therapy with modulation of behaviour. Therefore, we can use these antibodies to predict 
the responsiveness to IVIC therapy in these children.

N-acetylcysteine is derived from the amino acid L-cysteine and helps to regenerate glutathione with 
the release of glutamate into the extracellular space, reducing glutamatergic neurotransmission at 
synapses, correcting brain glutaminergic dysregulation, and consequently improving the autistic 
manifestations. It helps to reduce irritability and hyperactivity and improves social awareness in 
patients with autism[138,139]. Boris et al[140] found in a small cohort of children with autism that oral 
using 30 or 60 mg of Pioglitazone for three to four months might induce apparent clinical improvement 
of the behavioural symptoms in those children without significant side effects. Pioglitazone is an anti-
diabetic medication that modulates the effect of insulin. Pioglitazone can reduce IL4 production in CD4 
cells and block IL10 and IL4 production by T cells. It also may help shift the T-cell response from Th2 to 
Th1 or decrease Th2 cytokine expression. Therefore, oral Pioglitazone may be of therapeutic advantage 
in children with autism[141].

INCREASED RISK OF VIRAL INFECTIONS IN PATIENTS WITH AUTISM
Children with autism have more chances of getting infected. Sabourin et al[142] showed that children 
with autism are more susceptible to infections in the first four postnatal weeks and the first three years 
of life than the typically developed children. In addition, they found that children with autism also have 
more infections in the first four weeks of life than children with other developmental disorders. 
Children with autism have multiple co-morbidities and behavioural problems that increase the risk of 
contracting various infections, including viruses[97]. Table 2 shows some important risk factors and co-
morbidities that increase the risk of contracting diseases in children with autism.

Children with autism have a high rate of autoimmune diseases, immune dysregulation, and impaired 
levels of immune mediators, indicating continuing immune dysfunction[51]. Some genetic causes of 
autism are associated with an immune deficiency that increases the risk of infections, including viral 
disease, e.g., Timothy syndrome[143]. Heuer et al[144] showed that children with autism have lower 
plasma IgG and IgM levels than typically developed children and children with developmental delays. 
The levels of these immunoglobulins were negatively correlated with the autism severity, as indicated 
by the Aberrant Behavior Checklist score. Children with autism commonly have mitochondrial 
dysfunction. Mitochondrial dysfunction is associated with reduced oxidative phosphorylation and burst 
in granulocytes which causes an impaired immune response and weak antioxidant defence[145].

Children with autism are subject to restrictive nutrition supplements either due to the restrictive and 
selective behaviour associated with autism, sensory-based feeding problems, relational sphere dis-
orders, biological food intolerance, medically related feeding problems, and restrictive dietary 
management, that expose them to various nutritional deficiencies which further impair their immunity 
and susceptibility to infection[97]. Babaknejad et al[146] found statistically significantly lower plasma 
zinc levels in patients with autism than in healthy controls. Zinc deficiency negatively impairs children's 
mental development and physical growth and might damage their immune systems[147]. Vitamin C 
deficiency was also reported in some patients with autism due to the severely restricted diet or the 
associated gastrointestinal disorders that prevent adequate vitamin C intake or absorption[148,149]. 
Vitamin C is essential for the integrity of the mucous membrane and general immunity[147]. In 
addition, children with autism have the highest rate of vitamin A deficiency compared to other 
micronutrients, and the degree of deficiency is correlated with autism severity[150]. Vitamin A 
significantly impacts gastrointestinal functions and the skin's innate immunity. Therefore, vitamin A 
deficiency increases the risk of skin infections[151]. Vitamins A and D regulate microbial complexity, 
mucosal barrier function, and immune responses, ensuring intestinal homeostasis. Therefore, its 
deficiency induces gut dysbiosis and enhances the dysbiotic microbial communities, increasing suscept-
ibility to infection and the risk of gastrointestinal tract injury[152].
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Table 2 Important risk factors and co-morbidities that increase the risk of contracting infections in children with autism

Risk factors Description

High rate of autoimmune diseases

Immune dysregulation of T cell functions

Impaired levels of immune mediators

lower plasma IgG, and IgM

Continuing immune dysfunction

High rate of mitochondrial dysfunction 

Oxidative stress

Immune system disorders

Neutrophils dysfunction

Genetic disorders: e.g., fragile X syndrome, Down syndrome, Duchenne muscular dystrophy, tuberous sclerosis complex, and 
neurofibromatosis type I

Neurological disorders: e.g., cerebral palsy and congenital abnormalities

Gastrointestinal disorders: Gastroesophageal reflux and inflammatory bowel disease

Metabolic disorders: mitochondrial disorders, disorders of creatine metabolism, selected amino acid disorders, disorders of 
folate or vitamin B12 metabolism, and selected lysosomal storage disorders

Medical co-morbidities

Allergic disorders: Such as asthma, nasal allergies, atopic diseases (IgE-mediated)

Stereotyping behavior: Affecting mouth and general hygiene

Mouthing and pica behavior

Behavioral problems

Faecal smearing

Biological food intolerance

Restrictive and selective behavior

Sensory-based feeding problems

Relational sphere disorders

Medically-related feeding problems

restrictive dietary management

Feeding and nutritional 
disorders

Nutritional deficiencies: e.g., Vitamin A, D, C, and zinc

Gastroesophageal reflux 

Autonomic dysfunction and Impaired intestinal motility

Gastric hypoacidity and 

Impaired digestive enzyme production

Gut dysbiosis

Gastrointestinal 
dysfunctions

Inflammatory bowel disease

Lack of parental education and awarenessVaccinophobia

Anti-vaccine movement

Normal intestinal motility is required for healthy gut microbiota by washing out any abnormal 
bacterial growth in the body. Children with autism have impaired intestinal peristalsis and digestive 
abilities due to autonomic dysfunction. They frequently get constipation resulting in abnormal prolif-
eration and impaired clearance of the pathogenic intestinal bacteria. In addition, children with autism 
have gastric hypoacidity and impaired digestive enzyme production, which augments the resulting 
dysbiosis[153]. Conversely, gut dysbiosis correlates with the severity of autism, cytokine quantities, and 
tryptophan homeostasis. Therefore, gut microbiota modulation may alleviate the symptoms of autism
[154].

Another critical risk factor that increases the risk of viral infections in children with autism is the 
reluctance of some parents to vaccinate their children with autism. Despite the marked progress in 
studying the epidemiology, aetiology, pathophysiology, and genetics of autism; many misguided 
scientists; politicians, and frustrated parent groups still resist vaccinating children with autism[155]. 
Since Andrew Wakefield and his 12 colleagues published their frauded paper in British Medical Journal 
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in 1998, the vaccination rate of children with autism significantly declined, especially for measles, 
mumps, and rubella[156]. The resultant antivaccine movements considered three main pillars for their 
action. They hypothesized that combining the measles-mumps-rubella vaccine can induce intestinal 
mucosal damage, allowing the entry of encephalopathic proteins that trigger autism. In addition, they 
suppose that the ethylmercury-containing vaccine preservative thimerosal is neurotoxic. They also 
suggest that concurrently administering multiple vaccines devastates or weakens the immune system
[157]. Zerbo et al[158] found that the vaccination rate in children with autism and their younger siblings 
was significantly lower than in the typically developed children. Parents of children with autism were 
more reluctant to vaccinate at least one recommended vaccine for the child's younger sibling and to 
limit the number of vaccines given during the first year of life of the younger siblings.

Limitations and future direction
Many included studies were of a limited number of patients or were done in animal models. We need to 
have long-term, multicentered studies that include different races and populations to better judge the 
interplay between infections and autism as a cause or effect. Pregnant women should ensure their 
vaccination against influenza, as this can prevent them from getting the flu while pregnant, which can 
cause complications for the mother and the baby[105-108]. When women get vaccinated against 
influenza, they protect their unborn babies from getting this illness while in the womb. Studies have 
shown that influenza virus infection can cause severe problems for babies if infected during the first 
trimester of pregnancy, leading to preterm birth or stillbirth in some cases[109-111]. By getting 
vaccinated, pregnant women can protect themselves and their unborn babies from the flu while helping 
to reduce the spread of the disease in the community. Pregnant women could have enough vitamin D, 
folic acid, n-3 polyunsaturated fatty acids, and high choline and luteolin[117,122].

Early screening and possibly diagnosis to detect and may prevent autism are crucial for reducing the 
burden of this condition. Long-term follow-up is necessary for infants whose mothers report an inflam-
matory event due to viral infection at any time during pregnancy to monitor for signs of autism. In 
addition, children with autism should be screened for congenital rubella and cytomegalovirus infections
[76,96]. Further research is needed to investigate whether specific vaccines or other measures taken 
during pregnancy can prevent the development of autism in children born to mothers whose certain 
viruses have infected them.

CONCLUSION
Autism is a group of heterogeneous, multi-factorial, neurodevelopmental disorders. Several factors play 
together to increase the risk of development of autism, including genetic, epigenetic, and environmental 
factors, together with antenatal and early-life infections. Viral infection during critical periods of early 
in-utero neurodevelopment may lead to an increased risk of autism. Maternal infection by DNA or RNA 
viruses that can cross the maternal-fetal interface may induce neurodevelopmental problems in the 
developing fetus. Viral infection induces neuroinflammation that affects many neurological processes, 
including neural development, brain structures, synapse plasticity, cognition, and behaviour; therefore, 
it may end in the development of autism. There are many shreds of evidence that rubella, cytomega-
lovirus, herpes simplex virus, influenza viruses, SARS-CoV-2 viruses, and zika virus infections during 
pregnancy and early life can trigger autism development. Conversely, children with autism are at 
increased risk of infections, including viruses. Every effort should be made to prevent maternal and 
early-life infections and reduce the risk of autism. Vaccination against common viral agents may help to 
reduce the prevalence of autism. Immune modulation of children with autism should be considered to 
reduce the risk of infection.
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