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Abstract

When severe cases of febrile viral infections occur in pregnant women, there is an increased risk of autism in the offspring a year or two after the birth.

It would seem that the primary reason for this is increased levels of blood pro-inflammatory cytokines and unenhanced amounts of IL10, an anti-

inflammatory interleukin. Most important is the decreased concentration of insulin-like growth factor-1, which slows the myelination of new neurons,

causing dysconnectivity of cerebral nerve circuits.

Introduction

In the preceding parts of this report [1,2], the apparent
relationship between severe maternal inflammatory disease during
pregnancy (e.g., COVID-19) and the increased incidence in their
children’s autism was discussed. Under these conditions, the need
for insulin-like growth factor (IGF1) to promote the myelination
of new nerves in the fetus was emphasized. The postpartum
persistence of an IGF1 deficiency could lead to the development of
brain dysconnectivity and autistic behavior in the neonate at age
1-2 years. Plausible etiologies of this in the baby will be considered
here. Central to this phenomenon is the important rise in the
biosynthesis of interleukins. They are a part of the immune system
and are synthesized by lymphocytes, monocytes, macrophages, and
endothelial cells. Cytokines include lymphokines, interferons, tumor
necrosis factors, interleukins, and chemokines [3-5].

The involvement of Interleukins (IL) in cellular functions can be
divided into two main groups:

Th1 - units that promote cell-mediated immune response and the
production of IFNg, IL-2, and TNF-b;

Th2 - units that possess various cytokines including IL-4, IL-5,
IL-6, IL-9, IL-10, and IL-13. An imbalance between these two main
groups can possibly lead into the pathogenesis of autism.

It can be noted for the healthy neonate that in the period between
birth and the first year or two of extrauterine life, the accumulation
of various cytokines continues independently on the course preset by
the balance established before and at birth. This condition apparently
involves the equilibrium between IL-10 and the pro inflammatory
interleukins primarily. Direct maternal physical influences on
the baby’s neural health terminate at birth. The child’s potential
neurologic status will be determined by ante- and postpartum genetic
and environmental factors, especially the capacity to synthesize
enough IGFI to establish a functional, healthy neurologic milieu
autonomously [6].
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Autism Initiation - Phase #1 (Prenatal)

It would appear that the generation of autism begins with
the intrauterine fetus exposed before birth to elevated maternal
temperatures (e.g., caused by COVID-19, influenza, SARS-CoV,
H5N1, or MERS-CoV infection) and groups of interleukins due to the
disease. On the one hand, myelination of new fetal nerves is primarily
dependent on the presence of sufficient IGF1. In the developing baby;,
ante- and postpartum rising interleukin levels are matched with
falling IGFI1. In laboratory animals, a link has been demonstrated
between maternal immune activation and autism-like outcomes. In a
post-mortem study of human brains, elevated cytokines and infection
states have been observed. Children with inflammatory diseases
typically have reduced IGF1 and elevated IL-6 [1,2]. Overall, a
balance between pro-inflammatory and anti-inflammatory functional
cytokines is needed for good health. Antepartum maternal infection
can promote the release of specific cytokines such as IL6 into the
mother’s bloodstream. In a meta-analysis of >40,000 autism cases,
maternal infection during pregnancy was correlated with autism
in the babies. In contrast, IL-10 is anti-inflammatory. In a study of
69 severe type COVID-19 human patients where IL-6 was used as
a monitoring marker, elevated levels of LDH, C-reactive protein,
ferritin, and D-dimer were commonly found. In IL10-deficient mice,
inflammatory bowel disease is enhanced. Over-secretion of cytokines,
especially IL-6, is a sign warning of a possible “cytokine storm’”.
Typically, the cytokine, IL-10, offsets the increase of IL-6 [7-12]. In a
study of 538 autistic children versus 421 typically developing controls,
the risk of autism from fever in the gravidas was attenuated among
mothers who used antipyretics [13].

Autism Promotion - Phase #2 (Birth To 1-2 Years)

In this covert phase, the classical characteristics of autism have not
yet emerged, but quantitative changes in the underlying cytokines are
progressing. Bioactive cytokines appear to participate in the resistance
to or involvement in the development of autism. For example, the pro-
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inflammatory group would include IL-1a, IL-6, IL-8, and IL-17, in
contradistinction to IL-10. In a situation where the release of IL-6 is
gradually enhanced, the production of IGF1 is reduced. A safeguard for
this is the counterpart release of IL-10. However, if the baby has already
developed autistic tendencies from intrauterine exposure to pathologic
febrile conditions (e.g., maternal COVID-19), the production of IL-
10 do not increase and the amount of IGF1 would fall. With sufficient
decline, developmental phase #2 will be nearing its completion, and
phase #3, with overt manifestations of autism, will begin.

In a study with laboratory mice, injection of IGF1 decreased vascular
expression of the cytokines IL-6 and TNFa. In other words, circulating
IGF1 apparently decreases inciting reactions. This is in combination
with the role of IGF1 in promoting essential myelination in new nerves
to accelerate the transmission of commands for bodily actions. As a
result, the preliminary circuits created in the newborn are fixed in place
for longterm function. Without this, nervous pathways, especially in the
brain, would be of reduced utility, accuracy, and velocity. Grossly autistic
behavior is typically restrained before age 1 year. This would suggest that
altered neurogenesis due to IGF1 deficiency is continuing in the growing
baby between birth and 1 year without noticeable external factors
effecting these changes in most cases. In transgenic mice, it was found
that increased serum IL-6 was associated with low serum IGF1 levels
and growth delay. A typical precursor of autism in humans is the finding
of cytokines TNFa, IL-6, IL-1b in the fetus’s brain or liver, whereby the
IGF1 level would be insufficient. In addition to promoting myelination
of nerves, IGF1 reduces provocative responses and suppresses oxidative
stress, risk of autism, and atherosclerosis progression.

If a developing fetus is exposed continuously to increased levels of
IL-6 and reduced IGF1 during gestation, the neonate is at increased
risk for affected cognition by 12 months old and altered brain
architecture, executive function, behavior, and working memory at 2
years of age [14-17].

Autism Persistence - Phase #3 (Age >2 Years)

In this overt phase in particular, bioactive cytokines seem to
participate in the resistance to or participation in the development
of autism. As noted above, functional interleukins are typically
divided into two opposing groups. For example, the first group would
typically include IL-1a, IL-6, IL-8, and IL-17, and the second, IL-10.
In a situation where the release of IL-6 is gradually enhanced, the
production of IGF1 is reduced, as noted earlier. A safeguard for this
in an unaffected child is the analogous release of IL-10. However, if
the baby has already developed autistic tendencies from intrauterine
exposure to provoking conditions (e.g., fever due to maternal
COVID-19), the production of IL-10 would not be increased and
the amount of IGF1 would fall. In another study, children aged 3-11
years who were diagnosed as autisticwere tested for cytokine status.
Interleukin groups Thl and Th2 were found to be elevated in the
blood of autistic children above unaffected controls, whereas the
concentration of IL-10 displayed no compensatory increase between
the two groups. In a further observation of children in ages 2-5 years,
the levels of interleukins IL-1b and IL-6 in autistic youngsters were
twice those of normally developing children. Elevation of IL-6 in
humans with autism is a common finding. In a meta-analysis with
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743 autistic participants and 592 healthy controls, quantities of IL-
1b, IL-6, and IL-8 were significantly higher in affected individuals.
No difference was found between the two groups tested for 12 other
common cytokines. Also, the cerebrospinal fluid from autistic patients
revealed increased IL-6, IL-8, and IFNg. The postmortem examination
of autistic human brains typically exposed marked over-production of
IL-1b, IL-6, IL-17, and TNFa. Mice with elevated brain IL-6 display
alterations in excitatory/inhibitory synaptic transmissions [18-30].

Conclusions

Increasing attention is being given to the employment of IGF1 as
a means for attenuating or preventing autism [31,32]. For example,
in reference #1 in this report, the proposed use of breast feeding to
replace deficient IGF1 in babies before symptoms of autism appear
is advocated. Recently conveyed data indicate that coronavirus in
the mother does not ascend into the breast milk during pregnancy
[33]. The neonatal goal is to prevent the production of insufficiently
myelinated neo-neurons which could result in brain dysconnectivity
in the infant. Alternatively, modifications of the IGF1 polypeptide for
use in ameliorating autism-like conditions such as Phelan-McDermid
and Rett Syndrome have been tested [31,34].

The data presented here clearly demonstrate the participation of
pro-inflammatory cytokines in the generation of autism. In many cases
this is due to a febrile process in the gravid mother. Fever together
with pro-inflammatory interleukins is an apparent factor promoting
autism increase in the neonate. It remains to be determined if this is
only in some, most, or all cases of autism.
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