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Abstract

Coronavirus disease 2019 (COVID-19) continues to spread rapidly worldwide with significant infection
rates and the risk for the development of psychosis. Currently, most studies have focused on the clinical and
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epidemiological features of inpatients suffering from COVID-19. However, less attention has been given
to the long-lasting consequences of this infectious disease. Strong epidemiological studies mainly from
the past influenza pandemics suggest the positive association between prenatal infection and increased
incidence of schizophrenia in the offspring. Therefore, it can be postulated that prenatal exposure to
COVID-19 virus may put the offspring at risk for the development of schizophrenia. For this reason,
longitudinal studies of this population may help elucidate the pathomechanisms involved in this complex

illness and provide an opportunity for reducing the impact of this disorder on the next generation. In
this review, we discussed the evidence for the association between in utero exposure to infection and

schizophrenia risk in the offspring.
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Background

As a highly lethal pneumonia, coronavirus disease
2019 (COVID-19) continues to spread rapidly with
approximately 84 million cases worldwide. Respiratory
symptomatology such as cough, fever, shortness of
breath, and fatigue has been reported to be the most
frequent manifestations of COVID-19. However, growing
evidence demonstrates that COVID-19 is also associated
with neurological complications, which can range from
anosmia as an early symptom and encephalopathy as the
most common neurological feature in admitted patients
(1). Interestingly, nearly 10%-35% of the people who
survive COVID-19 infection have persistent neurological
manifestations (2). Currently, most studies have focused
on the clinical and epidemiological features of inpatients
suffering from COVID-19 (3,4). However, less attention
has been given to the long-lasting consequences of this
infectious disease.

Strong epidemiological research has suggested the
early-life complications, including pre- and early
postnatal period as an important risk factor associated
with the pathogenesis of neuropsychiatric disorders (5-

8). Specifically, infections during embryogenesis such as
prenatal infection have been shown to cause deleterious
effects on fetal brain development and consequently lead
to the manifestations of neurodevelopmental diseases
later in life (9,10). Consistently, a cohort study showed
the increased incidence of schizophrenia in neonates
born to mothers with clinical rubella (11). Added to
this, maternal infection with various infectious agents
such as influenza virus (5, 12) and Toxoplasma gondii
(13, 14) have been also reported to increase the risk
of schizophrenia in offspring. There is evidence that
disruption in the immune balance between maternal
and fetal environments, as a consequence of maternal
immune activation (MIA), leads to disturbance in the
normal brain development and finally increases the
susceptibility of the offspring to develop neuropsychiatric
diseases later in life. This possibility is strengthened by
the epidemiological evidence confirming a link between
MIA and neurodevelopmental diseases such as autism
and schizophrenia (9, 15-17). The examination of post-
mortem brains of individuals clinically diagnosed with
mental disorders further supported the long-lasting
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effect of MIA on offspring brain function and structure
(18, 19). This evidence suggests that maternal infection
with the novel coronavirus might also put the offspring
at the risk for the development of neuropsychiatric
diseases later in life. Therefore, it is of interest to suggest
the monitoring and examinations of this population for
associative relationships between prenatal infections and
the development of neuropsychiatric disorders.

In the current review, we discuss the history of the
previous viral pandemic to highlight the effect of prenatal
viral infection on the pathogenesis of schizophrenia, as a
possible long-lasting impact of COVID-19.

Schizophrenia

As a severe psychiatric disease, schizophrenia affects
nearly 1% of the global population, with usual onset in
late adolescence or early adulthood (20). Schizophrenia
has a broad phenotype, which is classified into positive
symptoms, characterized by the existence of abnormal
behavior, and negative symptoms, reflecting the absence
of normal functions, and cognitive symptoms. This
mental disorder severely affected behavior, cognition, and
thought and significantly impair the social functioning
of patients (21). Currently, the available treatments for
schizophrenia are mainly effective for the management
of positive symptoms with limited treatment options for
both negative and cognitive manifestations (22).

With the unclear exact molecular mechanisms,
schizophrenia is defined as a complex disorder, which
results from an interplay of environmental and genetic
factors. In this regard, different environmental risk
factors for schizophrenia have been documented such
as season of birth, vitamin D deficiency, immigration,
birth complications, and drug abused. Of environmental
factors, prenatal infection has been demonstrated to be
a critical risk factor in the development of schizophrenia
in the offspring. Both epidemiological and animal studies
have exceedingly reported a link between MIA and
neurodevelopmental disorders, including schizophrenia
and autism in the adult progeny (23). In light of
epidemiological findings, MIA in the animal model
has been established upon injection of immunogenic
substances to the pregnant female, which will be discussed
in the next section.

Influenza

As an infectious disease, influenza is caused by a virus,
which predominantly attacks the respiratory system.
The influenza virus particles are generally spherical with
single-stranded RNA as a genome. There are four types of
influenza virus, including A, B, C, and D. So far, influenza
A viruses, with different serotypes, have been responsible
for all influenza pandemics, for instance, HIN1 caused
both Spanish flu in 1918 and Swine flu in 2009. As such,
H2N2 and H3N2 caused Asian flu in 1957 and Hong

Kong flu in 1968, respectively (24).

Influenza usually causes a mild illness with common
symptoms, including fever, sore throat, cough, muscle
ache, and severe headache. In severe illness, however,
influenza can cause critical complications with a potential
for significant morbidity. As of today, numerous studies
are reporting the acute and chronic neuropsychiatric
manifestations of influenza (25). Based on these findings,
the viral hypothesis of influenza has been suggested for
many neuropsychiatric diseases including schizophrenia.
With this background, some of the studies have mainly
focused on the direct role of viruses in causing the disease,
while others have focused on maternal infection during
pregnancy as a causative factor for the development
of schizophrenia in adult offspring. During the H2N8
pandemic of 1889-1892, neurological and psychiatric
symptoms such as depression and insomnia were
reported in infected patients (26). Similarly, Menninger
was the first who reported the incidence of psychosis
in patients of the 1918-1920 influenza pandemic (27).
Interestingly, most of the early reports regarding the
role of maternal viral infection in increasing the risk of
schizophrenia in offspring have been based on data from
the influenza pandemic with controversial results (6,
27, 28). While some of these studies demonstrated the
positive link between maternal exposure to influenza and
the development of schizophrenia in adult offspring (29-
31), other reports were unable to confirm these results
(32-34). The major drawback of these studies is the lack
of reliable documentation about maternal influenza for
which all the pregnant women during the pandemic
were considered infected with influenza. Therefore,
the results of these studies should be interpreted with
caution. To counter this problem, more recent studies
have used objective measures to determine maternal
infection during pregnancy at the individual level (25).
For example, in a population-based birth cohort study,
Brown and colleagues measured influenza antibodies in
maternal serum rather than the assumption of infection in
pregnant women during the 1957 pandemic. They found
a sevenfold increased risk of schizophrenia among the
children of women who were infected with the influenza
virus during the first trimester of pregnancy. Threefold
increased risk was also reported for viral exposure in early-
to-mid pregnancy with no significant results for exposure
during late pregnancy (5). By contrast, another study that
used the data from infected pregnant women showed no
increase in the risk of schizophrenia in offspring (35).
The hypothesis that infection during pregnancy may
result in schizophrenia in offspring was strengthened by
many epidemiological studies that reported the positive
association between birth season (winter months) and
increased risk of schizophrenia (36). It is worthwhile to
note that maternal infection with other viruses such as
rubella, herpes simplex virus (HSV), and T. gondii has
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also been reported to be linked with schizophrenia risk
later in life. This matter, however, is beyond the scope of
this article and dealt with elsewhere (37).

Although these studies provide support for the critical
role of maternal infection as a risk factor for developing
psychiatric diseases in offspring, no conclusive evidence
has been demonstrated for the influenza etiology of
schizophrenia. Further studies are needed to address
this issue in this pandemic which might be helpful to
elucidate neurodevelopmental mechanisms involved in
neuropsychiatric disorders.

Rubella

In addition to the influenza virus, maternal infection with
Rubella has also been suggested to be associated with the
risk of psychotic disorders in the offspring (Table 1) (11,
38). The pathogenic agent of Rubella disease, Rubella virus,
has been shown to have a neuroinvasive capacity which
can directly interfere with fetal neurodevelopment (39).
In support of this, a previous study on the 1964 Rubella
epidemic reported the phenotype of autism spectrum
disorder in 18 out of 243 offspring with congenital Rubella
(40). This is further evidenced by another study on this
epidemic which reported that 20% of the participants
who were prenatally exposed to Rubella were diagnosed
with schizophrenia spectrum disorder later in life (11).

Toxoplasma gondii
As a pathogen, T. gondii has also been demonstrated to

increase the incidence of neurodevelopmental diseases
in offspring (Table 1). In this regard, two cohort studies
have reported the association between elevated levels
of IgG antibodies to T. gondii in maternal sera and the
increased risk of schizophrenia spectrum disorder
in adult offspring. In the Parental Determinant of
Schizophrenia (PDS) cohort study, Brown and colleagues
reported an approximately twofold increase in the risk
of schizophrenia in children who were born to mothers
with high IgG antibody titer in late pregnancy (41). A
similar trend was also observed in another cohort study
in which the researchers demonstrated a link between
increased maternal IgG to antibody against T. gondii and
the elevated risk of schizophrenia in the offspring (42).

Herpes Simplex Virus

There are two types of HSV, HSV-1 and HSV-2, which
both cause viral infection in most humans. Several
epidemiological studies have investigated the link between
prenatal exposure to HSV and the risk of schizophrenia in
adult offspring with conflicting results (Table 1). In some
studies, in utero exposure to HSV-2 infection was found
to be significantly associated with the increased risk of
psychosis in adult offspring (15, 43). In line with this
finding, another study also reported a 50% increased risk
for the development of adult schizophrenia in offspring
prenatally exposed to HSV-2 (44). However, other
reports demonstrated no association between the risk of
schizophrenia and prenatal exposure to both HSV-1 and

Table 1. Human Studies Demonstrating the Role of Prenatal Infection in Schizophrenia

Exposure Pathogen Effect of Pathogen Infection on the Risk of Schizophrenia Study Design Reference
Influenza virus 1 Ecological study (12)
Influenza virus 1 Ecological study
Influenza virus 1 Ecological study (29)
Influenza virus « Ecological study (34)
Influenza virus <—> Ecological study (33)
Influenza virus 1 Ecological study (31)
Influenza virus o Cohort study (35)
Influenza virus T Ecological study (30)
Influenza virus 1 Nested case control study (5)
Influenza virus o Ecological study (32)
Rubella virus 1 Cohort study (11)
Rubella virus Il Cohort study
T. gondii Il Nested case control study 41)
T. gondii 1 Case control study (13)
HSV-2 1 Nested case control study (43)
HSV-2 o Nested case control study (45)
HSV-2 and HSV-1 o Nested case control study (42)
HSV-2 1 Nested case control study (15)
HSV-2 1 Nested case control study (44)
1 Significant increase

< No significant difference
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HSV-2 (13, 45). This discrepancy might be attributed
to the methodological difference in studies and more
epidemiological research is needed to address this issue.

MIA Animal Models
A significant number of epidemiological studies have
demonstrated the role of gestational infection in the
etiology of neuropsychiatric disorders, which led to the
neurodevelopmental theory of schizophrenia (13, 16,
19, 21). Based on this theory, pathological disruption
of normal brain development may result in defective
neural connectivity and cognitive dysfunction later
in life. Indeed, studies on large population samples
are considered an effective tool for investigating the
relationship between prenatal infection and the risk of
mental illnesses. Nevertheless, the establishment and use
of animal models are beneficial for understanding the
pathomechanisms involved in these debilitating mental
disorders. For this reason, specific animal models of MIA
based on the injection of infectious agents to pregnant
females have been developed. In this regard, a few studies
used prenatal viral infection with human influenza
(HIN1) at various doses and time points to examine
behavior, brain pathology, and genetic abnormalities
of resulting offspring (46-49). Although the influenza
model of MIA was similar to the human situation, it
was associated with several limitations. Importantly,
the use of live pathogens requires increased preventive
safety measures to protect laboratory studies. Therefore,
the administration of immunogenic substances such as
bacterial lipopolysaccharide (LPS) and viral mimetic
polyinosinic: polycytidylic acid Poly(I:C) to the pregnant
animalhasbeen extensivelyused asavaluable experimental
approach to examine the underlying pathophysiological
mechanisms of schizophrenia (17). As of today, many MIA
animal studies have reported findings similar to patients
with schizophrenia in offspring prenatally exposed to
LPS or Poly(I:C), including structural abnormalities,
behavioral impairments, increased level of inflammatory
markers in the brain, CSF, and serum, and glial activations
(17, 50-52).

Therefore, the use of MIA animal model, as well as
epidemiological studies, is a suitable tool to elucidate the
unclear viral etiology of schizophrenia.

Mechanisms of Prenatal Infection Effects
The mechanism by which maternal infection induces
delayed impairments in neural function and contributes
to the manifestation of neuropsychiatric disorders such
as schizophrenia later in life may include direct impact
on fetal brain development and induction of cytokine/
inflammatory response in both mother and fetus.

Several kinds of literature have suggested that
neurodevelopmental alteration in offspring prenatally
exposed to infectious agents including influenza virus,

HSV, T. gondii can be related to the direct impact of these
agents on the fetal brain and placenta (39). This notion
was supported by evidence from both cohort studies, as
mentioned previously, and animal model studies. Using
an experimental mouse model, two studies showed the
persistence of viral RNA in the brain of pups prenatally
infected with different serotypes of influenza viruses
(53, 54). Added to this, another animal study showed
alterations in placental structure with no evidence for
the presence of viral RNA in both the placenta and fetal
brain of offspring prenatally exposed to HINI influenza
virus (55). This finding leads to the assumption that
maternal cytokine response to the infectious agents
might be involved in the pathogenesis of neuropsychiatric
disorders in offspring.

The deleterious effect of prenatal infection on fetal brain
development might be mediated by maternal immune
response rather than a specific pathogen. In support of
this several cohort studies have suggested the important
role of inflammatory cytokines to mediate increased
incidence of neuropsychiatric disorders in offspring
prenatally exposed to infection (56, 57). Similarly, MIA
animal studies based upon administration of different
immunogenic agents including virus, synthetic viral
mimic, bacterial endotoxin, and IL-6 have also confirmed
the association between elevated levels of fetal and
maternal cytokines and the development of phenotype
related to schizophrenia in offspring (17). Added to this,
animal studies have shown that prenatal exposure to
immunogenic substances has also been linked with altered
brain function and structure as well as neurobehavioral
impairments in adult offspring (51).

Conclusion

Since the 1918-1919 influenza pandemic, strong
epidemiological and experimental studies have suggested
prenatal viral infection as a critical risk factor for the
development of neuropsychiatric diseases, which led
to the viral hypothesis of schizophrenia. However, the
mechanisms by which in utero infection interfere with the
neurodevelopment of offspring and increase the risk of
schizophrenia later in life are largely unclear. In this regard,
recent findings suggest that MIA with increased levels of
pro-inflammatorymarkers compromise theintegrity of the
placenta barrier and consequently leads to structural and
developmental disturbance of the fetal brain. Concerning
the evidence from historical influenza pandemics, it
is possible that prenatal exposure to COVID-19 virus
puts the offspring at risk for schizophrenia. Therefore,
longitudinal studies of this population may help elucidate
the pathomechanisms involved in this complex illness
and provide an opportunity for reducing the impact of
this disorder on the next generation.

Conflict of Interests
None.

hmj.hums.ac.ir

Hormozgan Med ] . Vol 25, No 4, 2021 | 195


https://hmj.hums.ac.ir
https://hmj.hums.ac.ir
https://hmj.hums.ac.ir/article-1-1145-en.html

[ Downloaded from hmj.hums.ac.ir on 2024-04-28 ]

Arab Firouzjaei et al

Funding
None.

Acknowledgment

The authors greatly acknowledge the clinicians and healthcare staff
at Hormozgan University of Medical Sciences for their hard work
and endless hours with patients diagnosed with COVID-19.

References

1. Nath A, Smith B. Neurological issues during COVID-19: an
overview. Neurosci Lett. 2021;742:135533. doi: 10.1016/j.
neulet.2020.135533.

2. Tenforde MW, Kim SS, Lindsell CJ, Billig Rose E, Shapiro NI,
Files DC, et al. Symptom duration and risk factors for delayed
return to usual health among outpatients with COVID-19 in a
multistate health care systems network - United States, March-
June 2020. MMWR Morb Mortal Wkly Rep. 2020;69(30):993-
8. doi: 10.15585/mmwr.mm6930e1.

3. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al.
Epidemiological and clinical characteristics of 99 cases of
2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet. 2020;395(10223):507-13. doi:
10.1016/50140-6736(20)30211-7.

4. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus
in Wuhan, China. Lancet. 2020;395(10223):497-506. doi:
10.1016/s0140-6736(20)30183-5.

5. Brown AS, Begg MD, Gravenstein S, Schaefer CA, Wyatt RJ,
Bresnahan M, et al. Serologic evidence of prenatal influenza
in the etiology of schizophrenia. Arch Gen Psychiatry.
2004;61(8):774-80. doi: 10.1001/archpsyc.61.8.774.

6. Burt MA, Tse YC, Boksa P, Wong TP. Prenatal immune
activation interacts with stress and corticosterone exposure
later in life to modulate N-methyl-D-aspartate receptor
synaptic function and plasticity. Int ] Neuropsychopharmacol.
2013;16(8):1835-48. doi: 10.1017/s1461145713000229.

7. GedaYE, Roberts RO, Mielke MM, Knopman DS, Christianson
TJ, Pankratz VS, et al. Baseline neuropsychiatric symptoms and
the risk of incident mild cognitive impairment: a population-
based study. Am ] Psychiatry. 2014;171(5):572-81. doi:
10.1176/appi.ajp.2014.13060821.

8. Khan D, Fernando P, Cicvaric A, Berger A, Pollak A, Monje
FJ, et al. Long-term effects of maternal immune activation
on depression-like behavior in the mouse. Trans| Psychiatry.
2014;4(2):e363. doi: 10.1038/tp.2013.132.

9.  Meyer U, Feldon J, Yee BK. A review of the fetal brain cytokine
imbalance hypothesis of schizophrenia. Schizophr Bull.
2009;35(5):959-72. doi: 10.1093/schbul/sbn022.

10. Piontkewitz Y, Arad M, Weiner I. Tracing the development
of psychosis and its prevention: what can be learned from
animal models. Neuropharmacology. 2012;62(3):1273-89.
doi: 10.1016/j.neuropharm.2011.04.019.

11. Brown AS. Prenatal infection as a risk factor for schizophrenia.
Schizophr Bull. 2006;32(2):200-2. doi: 10.1093/schbul/
sbj052.

12. Mednick SA, Machon RA, Huttunen MO, Bonett D. Adult
schizophrenia following prenatal exposure to an influenza
epidemic. Arch Gen Psychiatry. 1988;45(2):189-92. doi:
10.1001/archpsyc.1988.01800260109013.

13. Mortensen PB, Norgaard-Pedersen B, Waltoft BL, Serensen
TL, Hougaard D, Yolken RH. Early infections of Toxoplasma
gondii and the later development of schizophrenia. Schizophr
Bull. 2007;33(3):741-4. doi: 10.1093/schbul/sbm009.

14. Yolken RH, Dickerson FB, Fuller Torrey E. Toxoplasma and
schizophrenia. Parasite Immunol. 2009;31(11):706-15. doi:
10.1111/.1365-3024.2009.01131.x.

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Buka SL, Cannon TD, Torrey EF, Yolken RH. Maternal exposure
to herpes simplex virus and risk of psychosis among adult
offspring. Biol Psychiatry. 2008;63(8):809-15. doi: 10.1016/j.
biopsych.2007.09.022.

Meyer U, Yee BK, Feldon J. The neurodevelopmental impact
of prenatal infections at different times of pregnancy: the
earlier the worse? Neuroscientist. 2007;13(3):241-56. doi:
10.1177/1073858406296401.

Solek CM, Farooqi N, Verly M, Lim TK, Ruthazer ES. Maternal
immune activation in neurodevelopmental disorders. Dev
Dyn. 2018;247(4):588-619. doi: 10.1002/dvdy.24612.
Jaaro-Peled H, Hayashi-Takagi A, Seshadri S, Kamiya A,
Brandon NJ, Sawa A. Neurodevelopmental mechanisms
of schizophrenia: understanding  disturbed  postnatal
brain maturation through neuregulin-1-ErbB4 and DISCT.
Trends  Neurosci. 2009;32(9):485-95. doi: 10.1016/j.
tins.2009.05.007.

Patterson ~ PH.  Neuroscience. ~Maternal effects on
schizophrenia risk. Science. 2007;318(5850):576-7. doi:
10.1126/science.1150196.

Chong HY, Teoh SL, Wu DB, Kotirum S, Chiou CF,
Chaiyakunapruk  N.  Global economic  burden  of
schizophrenia: a systematic review. Neuropsychiatr Dis Treat.
2016;12:357-73. doi: 10.2147/ndt.s96649.

Lang UE, Puls I, Muller DJ, Strutz-Seebohm N, Gallinat
J. Molecular mechanisms of schizophrenia. Cell Physiol
Biochem. 2007;20(6):687-702. doi: 10.1159/000110430.
Correll CU, Schooler NR. Negative symptoms in schizophrenia:
a review and clinical guide for recognition, assessment, and
treatment. Neuropsychiatr Dis Treat. 2020;16:519-34. doi:
10.2147/ndt.s225643.

van Os J, Rutten BP, Poulton R. Gene-environment interactions
in schizophrenia: review of epidemiological findings and
future directions. Schizophr Bull. 2008;34(6):1066-82. doi:
10.1093/schbul/sbn117.

Lemon SM, Mahmoud A, Mack A, Knobler SL. The Threat of
Pandemic Influenza: Are We Ready? Workshop Summary.
Washington, DC: National Academies Press; 2005.
Manjunatha N, Math SB, Kulkarni GB, Chaturvedi SK.
The neuropsychiatric aspects of influenza/swine flu: A
selective review. Ind Psychiatry J. 2011;20(2):83-90. doi:
10.4103/0972-6748.102479.

Knapp PC. The nervous and mental sequelae of influenza.
Boston Med Surg J. 1892;127(11):253-7. doi: 10.1056/
nejm189209151271101.

Menninger KA. Influenza and schizophrenia. An analysis of
post-influenzal “dementia precox,” as of 1918, and five years
later further studies of the psychiatric aspects of influenza.
1926. Am | Psychiatry. 1994;151(6 Suppl):182-7. doi:
10.1176/ajp.151.6.182.

Elder AG, O’Donnell B, McCruden EA, Symington IS, Carman
WF. Incidence and recall of influenza in a cohort of Glasgow
healthcare workers during the 1993-4 epidemic: results of
serum testing and questionnaire. BMJ. 1996,313(7067):1241-
2. doi: 10.1136/bmj.313.7067.1241.

Adams W, Kendell RE, Hare EH, Munk-Jorgensen P.
Epidemiological evidence that maternal influenza contributes
to the aetiology of schizophrenia. An analysis of Scottish,
English, and Danish data. Br J Psychiatry. 1993;163:522-34.
doi: 10.1192/bjp.163.4.522.

IzumotoY, Inoue S, Yasuda N. Schizophrenia and the influenza
epidemics of 1957 in Japan. Biol Psychiatry. 1999;46(1):119-
24. doi: 10.1016/s0006-3223(98)00359-x.

Kunugi H, Nanko S, Takei N, Saito K, Hayashi N,
Kazamatsuri H. Schizophrenia following in utero exposure
to the 1957 influenza epidemics in Japan. Am J Psychiatry.

196 | Hormozgan Med J . Vol 25, No 4, 2021

hmj.hums.ac.ir


https://hmj.hums.ac.ir
https://doi.org/10.1016/j.neulet.2020.135533
https://doi.org/10.1016/j.neulet.2020.135533
https://doi.org/10.15585/mmwr.mm6930e1
https://doi.org/10.1016/s0140-6736\(20\)30211-7
https://doi.org/10.1016/s0140-6736\(20\)30183-5
https://doi.org/10.1001/archpsyc.61.8.774
https://doi.org/10.1017/s1461145713000229
https://doi.org/10.1176/appi.ajp.2014.13060821
https://doi.org/10.1038/tp.2013.132
https://doi.org/10.1093/schbul/sbn022
https://doi.org/10.1016/j.neuropharm.2011.04.019
https://doi.org/10.1093/schbul/sbj052
https://doi.org/10.1093/schbul/sbj052
https://doi.org/10.1001/archpsyc.1988.01800260109013
https://doi.org/10.1093/schbul/sbm009
https://doi.org/10.1111/j.1365-3024.2009.01131.x
https://doi.org/10.1016/j.biopsych.2007.09.022
https://doi.org/10.1016/j.biopsych.2007.09.022
https://doi.org/10.1177/1073858406296401
https://doi.org/10.1002/dvdy.24612
https://doi.org/10.1016/j.tins.2009.05.007
https://doi.org/10.1016/j.tins.2009.05.007
https://doi.org/10.1126/science.1150196
https://doi.org/10.2147/ndt.s96649
https://doi.org/10.1159/000110430
https://doi.org/10.2147/ndt.s225643
https://doi.org/10.1093/schbul/sbn117
https://doi.org/10.4103/0972-6748.102479
https://doi.org/10.1056/nejm189209151271101
https://doi.org/10.1056/nejm189209151271101
https://doi.org/10.1176/ajp.151.6.182
https://doi.org/10.1136/bmj.313.7067.1241
https://doi.org/10.1192/bjp.163.4.522
https://doi.org/10.1016/s0006-3223\(98\)00359-x
https://hmj.hums.ac.ir/article-1-1145-en.html

[ Downloaded from hmj.hums.ac.ir on 2024-04-28 ]

Arab Firouzjaei et al

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

1995;152(3):450-2. doi: 10.1176/ajp.152.3.450.

Mino Y, Oshima 1, Tsuda T, Okagami K. No relationship
between schizophrenic birth and influenza epidemics in
Japan. ) Psychiatr Res. 2000;34(2):133-8. doi: 10.1016/s0022-
3956(00)00003-0.

Selten JP, Slaets JP. Evidence against maternal influenza as a
risk factor for schizophrenia. Br ) Psychiatry. 1994;164(5):674-
6. doi: 10.1192/bjp.164.5.674.

Susser E, Lin SP, Brown AS, Lumey LH, Erlenmeyer-
Kimling L. No relation between risk of schizophrenia and
prenatal exposure to influenza in Holland. Am | Psychiatry.
1994;151(6):922-4. doi: 10.1176/ajp.151.6.922.

Cannon M, Cotter D, Coffey VP, Sham PC, Takei N, Larkin
C, et al. Prenatal exposure to the 1957 influenza epidemic
and adult schizophrenia: a follow-up study. Br J Psychiatry.
1996;168(3):368-71. doi: 10.1192/bjp.168.3.368.

Davies G, Welham J, Chant D, Torrey EF, McGrath J. A
systematic review and meta-analysis of Northern Hemisphere
season of birth studies in schizophrenia. Schizophr Bull.
2003;29(3):587-93.  doi:  10.1093/oxfordjournals.schbul.
a007030.

Khandaker GM, Zimbron J, Lewis G, Jones PB. Prenatal
maternal  infection,  neurodevelopment and  adult
schizophrenia: a systematic review of population-based
studies. Psychol Med. 2013;43(2):239-57. doi: 10.1017/
s0033291712000736.

Brown AS, Cohen P, Greenwald S, Susser E. Nonaffective
psychosis after prenatal exposure to rubella. Am J Psychiatry.
2000;157(3):438-43. doi: 10.1176/appi.ajp.157.3.438.
Remington JS, Klein JO. Infectious Diseases of the Fetus and
Newborn Infant. London: WB Saunders; 2001.

Chess S. Autism in children with congenital rubella. J Autism
Child Schizophr. 1971;1(1):33-47. doi: 10.1007/bf01537741.
Brown AS, Schaefer CA, Quesenberry CP Jr, Liu L, Babulas
VP, Susser ES. Maternal exposure to toxoplasmosis and
risk of schizophrenia in adult offspring. Am ] Psychiatry.
2005;162(4):767-73. doi: 10.1176/appi.ajp.162.4.767.
Mortensen PB, Norgaard-Pedersen B, Waltoft BL, SerensenTL,
Hougaard D, Torrey EF, et al. Toxoplasma gondiii as a risk factor
for early-onset schizophrenia: analysis of filter paper blood
samples obtained at birth. Biol Psychiatry. 2007;61(5):688-
93. doi: 10.1016/}.biopsych.2006.05.024.

Buka SL, Tsuang MT, Torrey EF, Klebanoff MA, Bernstein D,
Yolken RH. Maternal infections and subsequent psychosis
among offspring. Arch Gen Psychiatry. 2001;58(11):1032-7.
doi: 10.1001/archpsyc.58.11.1032.

Mortensen PB, Pedersen CB, Hougaard DM, Ngrgaard-
Petersen B, Mors O, Barglum AD, et al. A Danish National
Birth Cohort study of maternal HSV-2 antibodies as a risk
factor for schizophrenia in their offspring. Schizophr Res.
2010;122(1-3):257-63. doi: 10.1016/j.schres.2010.06.010.
Brown AS, Schaefer CA, Quesenberry CP Jr, Shen L, Susser ES.
No evidence of relation between maternal exposure to herpes
simplex virus type 2 and risk of schizophrenia? Am J Psychiatry.
2006;163(12):2178-80. doi: 10.1176/ajp.2006.163.12.2178.
Fatemi SH, Pearce DA, Brooks Al, Sidwell RW. Prenatal viral
infection in mouse causes differential expression of genes

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

in brains of mouse progeny: a potential animal model for
schizophrenia and autism. Synapse. 2005;57(2):91-9. doi:
10.1002/syn.20162.

Fatemi SH, Earle J, Kanodia R, Kist D, Emamian ES, Patterson
PH, et al. Prenatal viral infection leads to pyramidal cell
atrophy and macrocephaly in adulthood: implications for
genesis of autism and schizophrenia. Cell Mol Neurobiol.
2002;22(1):25-33. doi: 10.1023/a:1015337611258.

Fatemi SH, Folsom TD, Reutiman TJ, Abu-Odeh D, Mori S,
Huang H, et al. Abnormal expression of myelination genes
and alterations in white matter fractional anisotropy following
prenatal viral influenza infection at E16 in mice. Schizophr Res.
2009;112(1-3):46-53. doi: 10.1016/j.schres.2009.04.014.
Fatemi SH, Reutiman TJ, Folsom TD, Huang H, Oishi K, Mori
S, et al. Maternal infection leads to abnormal gene regulation
and brain atrophy in mouse offspring: implications for genesis
of neurodevelopmental disorders. Schizophr Res. 2008;99(1-
3):56-70. doi: 10.1016/j.schres.2007.11.018.

Alizadeh F, Davoodian N, Kazemi H, Ghasemi-Kasman M,
Shaerzadeh F. Prenatal zinc supplementation attenuates
lipopolysaccharide-induced  behavioral  impairments in
maternal immune activation model. Behav Brain Res.
2020;377:112247. doi: 10.1016/j.bbr.2019.112247.
Bergdolt L, Dunaevsky A. Brain changes in a maternal
immune activation model of neurodevelopmental brain
disorders. Prog Neurobiol. 2019;175:1-19. doi: 10.1016/j.
pneurobio.2018.12.002.

Santos-Toscano R, Borcel F, Ucha M, Orihuel J, Capellan
R, Roura-Martinez D, et al. Unaltered cocaine self-
administration in the prenatal LPS rat model of schizophrenia.
Prog Neuropsychopharmacol Biol Psychiatry. 2016;69:38-48.
doi: 10.1016/j.pnpbp.2016.04.008.

Aronsson F, Karlsson H, Ljunggren HG, Kristensson K.
Persistence of the influenza A/WSN/33 virus RNA at midbrain
levels of immunodefective mice. ] Neurovirol. 2001;7(2):117-
24. doi: 10.1080/13550280152058771.

Aronsson F, Lannebo C, Paucar M, Brask J, Kristensson
K, Karlsson H. Persistence of viral RNA in the brain of
offspring to mice infected with influenza A/WSN/33 virus
during pregnancy. ] Neurovirol. 2002;8(4):353-7. doi:
10.1080/13550280290100480.

Fatemi SH, Folsom TD, Rooney RJ, Mori S, Kornfield
TE, Reutiman TJ, et al. The viral theory of schizophrenia
revisited: abnormal placental gene expression and structural
changes with lack of evidence for HINT viral presence in
placentae of infected mice or brains of exposed offspring.
Neuropharmacology. 2012;62(3):1290-8. doi: 10.1016/j.
neuropharm.2011.01.011.

Brown AS, Hooton J, Schaefer CA, Zhang H, Petkova E,
Babulas V, et al. Elevated maternal interleukin-8 levels and
risk of schizophrenia in adult offspring. Am | Psychiatry.
2004;161(5):889-95. doi: 10.1176/appi.ajp.161.5.889.

Buka SL, Tsuang MT, Torrey EF, Klebanoff MA, Wagner RL,
Yolken RH. Maternal cytokine levels during pregnancy and
adult psychosis. Brain Behav Immun. 2001;15(4):411-20. doi:
10.1006/brbi.2001.0644.

hmj.hums.ac.ir

Hormozgan Med ] . Vol 25, No 4, 2021 | 197


https://hmj.hums.ac.ir
https://hmj.hums.ac.ir
https://doi.org/10.1176/ajp.152.3.450
https://doi.org/10.1016/s0022-3956\(00\)00003-0
https://doi.org/10.1016/s0022-3956\(00\)00003-0
https://doi.org/10.1192/bjp.164.5.674
https://doi.org/10.1176/ajp.151.6.922
https://doi.org/10.1192/bjp.168.3.368
https://doi.org/10.1093/oxfordjournals.schbul.a007030
https://doi.org/10.1093/oxfordjournals.schbul.a007030
https://doi.org/10.1017/s0033291712000736
https://doi.org/10.1017/s0033291712000736
https://doi.org/10.1176/appi.ajp.157.3.438
https://doi.org/10.1007/bf01537741
https://doi.org/10.1176/appi.ajp.162.4.767
https://doi.org/10.1016/j.biopsych.2006.05.024
https://doi.org/10.1001/archpsyc.58.11.1032
https://doi.org/10.1016/j.schres.2010.06.010
https://doi.org/10.1176/ajp.2006.163.12.2178
https://doi.org/10.1002/syn.20162
https://doi.org/10.1023/a:1015337611258
https://doi.org/10.1016/j.schres.2009.04.014
https://doi.org/10.1016/j.schres.2007.11.018
https://doi.org/10.1016/j.bbr.2019.112247
https://doi.org/10.1016/j.pneurobio.2018.12.002
https://doi.org/10.1016/j.pneurobio.2018.12.002
https://doi.org/10.1016/j.pnpbp.2016.04.008
https://doi.org/10.1080/13550280152058771
https://doi.org/10.1080/13550280290100480
https://doi.org/10.1016/j.neuropharm.2011.01.011
https://doi.org/10.1016/j.neuropharm.2011.01.011
https://doi.org/10.1176/appi.ajp.161.5.889
https://doi.org/10.1006/brbi.2001.0644
https://hmj.hums.ac.ir/article-1-1145-en.html
http://www.tcpdf.org

