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Is Paternal Immune Activation a newly emerging pathway with respect to
Neurodevelopmental and Psychiatric Disorders that needs additional research?

Paternal Immune Activation: An Emerging but Understudied Risk Pathway

Most immune-development work has focused on maternal immune activation (MIA), which is now a
well-established, cross-disorder risk factor. The papers here repeatedly emphasize the maturity of the MIA field and
the need for further refinement, but they do not yet provide comparable data for paternal immune activation. That
gap itself supports the idea that paternal pathways are emerging and under-researched.

How Established Is Maternal (vs. Paternal) Immune Activation?

* Multiple reviews describe MIA as a critical, well-established risk factor for neurodevelopmental disorders
(ASD, ADHD, schizophrenia, Tourette syndrome, anxiety) and a “disease primer” for a broad spectrum of CNS
disorders (Estes & McAllister, 2016; Han et al., 2021; Hall et al., 2023; Lins, 2021; Aguilar-Valles et al., 2020; Tang
et al., 2025; Bergdolt & Dunaevsky, 2019; Kwon et al., 2022; Guma et al., 2019; Haddad et al., 2020; Conway &
Brown, 2019; Woods et al., 2021).

* Papers stress that the MIA field, although relatively young, has already “become a major focus” of
neurodevelopmental pathology research and has “steadily more compelling” evidence (Estes & McAllister,
2016; Aguilar-Valles et al., 2020; Tang et al., 2025; Guma et al., 2019; Conway & Brown, 2019; Woods et al.,
2021).

Focus of Current Work (Predominantly Maternal)

Main theme What is emphasized Citations

Risk scope Links to ASD, schizophrenia, (Careaga et al., 2017; Han et al., 2021; Hall et al., 2023;
ADHD, Tourette, anxiety, broad Estes & McAllister, 2016; Quagliato et al., 2021; Lins, 2021;
NDDs Aguilar-Valles et al., 2020; Tang et al., 2025; Bergdolt &

Dunaevsky, 2019; Kwon et al., 2022; Guma et al., 2019;
Haddad et al., 2020; Conway & Brown, 2019; Woods et

al., 2021)

Mechanisms Cytokines, microglial activation, (Estes & McAllister, 2016; Aguilar-Valles et al., 2020; Tang
disrupted neurogenesis/migration, et al., 2025; Bergdolt & Dunaevsky, 2019; Kwon et al.,
epigenetic priming 2022; Guma et al., 2019; Massrali et al., 2022; Woods et

al., 2021)

Field status “Nascent” but rapidly advancing, (Estes & McAllister, 2016; Aguilar-Valles et al., 2020; Tang
with urgent need for mechanistic et al., 2025; Guma et al., 2019; Haddad et al., 2020;
and preventive research Conway & Brown, 2019; Bilbo et al., 2017)

FIGURE 1 Currentwork centers on maternal pathways
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Indirect Indications That Paternal Pathways Are Underexplored

* Several reviews explicitly highlight maternal and paternal age as risk modifiers for ASD, schizophrenia,
psychosis, and ADHD, but mechanistic work is far more developed for maternal immune processes than for
paternal factors (Hall et al., 2023).

* MIA reviews repeatedly call the field “in its infancy” and emphasize unmet needs around gene—environment
interactions, epigenetics, and intergenerational effects (Estes & McAllister, 2016; Aguilar-Valles et al., 2020;
Bergdolt & Dunaevsky, 2019; Guma et al., 2019; Conway & Brown, 2019; Bilbo et al., 2017; Woods et al., 2021).
These are precisely the domains in which paternal immune activation and sperm-mediated epigenetic effects
would operate, yet they are not detailed in these articles, implying a research gap rather than a negative finding.

Need for Additional Research

Across these papers, calls for long-term prospective human studies, better mechanistic models, and integration of
epigenetics and other parental factors are common (Estes & McAllister, 2016; Aguilar-Valles et al., 2020; Bergdolt &
Dunaevsky, 2019; Guma et al., 2019; Haddad et al., 2020; Conway & Brown, 2019; Bilbo et al., 2017; Woods et al.,
2021). None provide systematic data on paternal immune activation, indicating that:

* Immune-mediated paternal contributions remain largely uncharacterized.

* Understanding how pre-conception paternal immune states and epigenetic changes influence offspring NDD
and psychiatric risk is a logical next step extending the established MIA framework.

Conclusion

Within current neuroimmune research, immune-based paternal effects can reasonably be considered a newly
emerging and under-studied pathway. The literature here solidly establishes maternal immune activation as a
major risk mechanism and repeatedly calls for expanded work on related, multi-parental, and epigenetic routes—
strongly suggesting that paternal immune activation is a promising area that requires substantial additional
research.

These search results were found and analyzed using Consensus, an Al-powered search engine for research. Try it at
https:/consensus.app. © 2026 Consensus NLP, Inc. Personal, non-commercial use only; redistribution requires

copyright holders’ consent.
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