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Abstract: As of summer 2020, the COVID-19 pandemic is having a major impact on our daily lives on
a global scale, forcing us to change to the new normal. However, the effects are not only detrimental to
our present socioeconomic conditions but also have the risk of having negative biological effects on our
descendants. Of concern is the effect of maternal immune activation following maternal infection with
COVID-19 on the fetus’ cerebral nervous system. While we are currently occupied with countering
the imminent threats in front of us, we also need to take steps from a public health perspective
to reduce the impact of maternal infection on the fetus, especially the risk of neurodevelopmental
disorders. However, such a risk can be prevented and managed through the digital transformation
of the nation’s health data and the strategic application of sophisticated data science approaches to
those big data.
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1. Introduction

In 1918, the appearance of influenza H1N1 caused lethal flu all over the world. Although the
pandemic lasted only a few years, its negative impacts lasted for a long time. Cohort studies
in the United States indicated that the offspring of women who were pregnant during the 1918
pandemic displayed increased rates of physical disability, lower incomes, lower socioeconomic status,
and reduced educational attainment [1]. Furthermore, similar impacts were reported from cohort
studies in Sweden [2].

2. Association between Maternal Infection and Psychiatric Disorders

Epidemiological studies have indicated a strong association between maternal infection and
mental disorders including autism spectrum disorder (ASD), schizophrenia, and mood disorders [3].
In the 1964 rubella pandemic, maternal infection significantly increased the incidence of ASD
and schizophrenia from less than 1% in the uninfected population to 13% and 20%, respectively,
in the infected population [4]. In addition to influenza and rubella, herpes simplex virus type 2,
cytomegalovirus, Toxoplasma gondii, and bacterial infections during pregnancy are associated with
the risk of developing ASD and schizophrenia [3].

3. Changes in the Concept of Autism

On the other hand, among the neurodevelopmental disorders, the most muddled concept is ASD.
In the landmark 1943 paper, Leo Kanner took the term “autism”—which was previously attributed to
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the inward, introspective symptoms typically seen in adult patients with schizophrenia [5]. In 1944,
Hans Asperger identified a pattern of behaviors and abilities that included “a lack of empathy,
little ability to form friendships, one-sided conversations, intense absorption in a special interest,
and clumsy movements” [6]. Indeed, individuals with ASD often show impairment of the higher brain
functions such as interpersonal cognition, communication skills, and/or motor coordination, and these
symptoms last throughout a lifetime because there are no effective treatments currently available for
the core symptoms and characteristics of ASD. Furthermore, the recent drastic increase in the ASD
population, which cannot be explained by genetic factors alone, has gone beyond psychiatric problems
and has now become a social problem affecting employment and social adjustment.

4. Maternal Immune Activation as a Potential Pathological Basis for Neurodevelopmental Disorders

Neurodevelopmental disorders have been historically categorized according to their clinical
phenotype. However, it has been suggested that ASD, attention deficit hyperactivity disorder,
learning disorder, and developmental coordination disorder are also linked to each other in the same
child, indicating that these neurodevelopmental disorders may have a shared neural base caused by
common causes. In other words, maternal immune activation may be involved in the background of
one of the common pathological bases for neurodevelopmental disorders. For example, interleukin-6
and -17 are transmitted through the placenta and induce inflammation in the fetal brain, which, in turn,
alters interneuron differentiation, synaptic formation and pruning, and myelination [7].

5. Modifiable Factors That Reduce the Risk of Neurodevelopmental Disorders

Multiple factors are involved in the development of neurodevelopmental disorders, including
genetic factors, fetal health status, the maternal environment at birth, infectious diseases, and the
external environment; however, one of the most modifiable factors is maternal infection prevention.
In this context, the risk of infections during pregnancy can be reduced by specific dietary ingredients,
for example, vitamin D [8]. Most of the vitamin D is generated by exposure to sunlight. In Japan, many
women are deficient in vitamin D due to excessive fear of the side effects of ultraviolet radiation [9].
Viruses replicate more efficiently during the winter season, caused by a seasonal fluctuation of immune
function [10]. In the coming winter, the reduction of sun exposure and efficient viral replication could
have detrimental effects in the Northern Hemisphere.

6. Conclusions

Currently, there is insufficient information on the relationship between maternal infection with
SARS-CoV-2 and neurodevelopmental disorders. Thus, it is an urgent issue to develop personalized
medicine to prevent and detect the occurrence of neurodevelopmental disorders induced by maternal
immune activation. For this purpose, data-driven studies integrating data from clinical measures,
multi-omics analyzers, and wearable biomedical sensors will become increasingly essential in the
future. Disease is the process of “becoming” ill. Therefore, the reductionist approach has its limitations
in explaining such temporal developments. An alternative approach is to analyze lifelog data by
applying techniques such as information geometry and complex systems science [11]. Progress in
machine learning and deep learning technologies will surely help to solve these challenges.
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