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Background Autism spectrum disorder (ASD) is a neurodevelopmental disorder affecting ~ 2% of children worldwide
and is characterized by repetitive, stereotypical behaviours and impaired expressive communication. Cytomegalovirus
(CMV) is considered a risk factor for ASD; however, published studies are usually limited by covering too few events
and have different conclusions, indicating that the relationship between CMV infection and ASD remains elusive.

Methods To investigate the association between CMV infection and ASD, we conducted this 2-sample Mendelian
randomization (MR) study using genome-wide association studies (GWAS) summary data from FinnGen and the IEU

Results Our results showed no significant relationship between all 3 CMV infections (unspecified cytomegaloviral
diseases, anti-CMV IgG levels, and maternal CMV) and ASD.

Conclusions Our results indicate that CMV infection does not significantly increase ASD risk. These results show that
the relationship between CMV infection and ASD remains elusive and needs to be further clarified.

Keywords Autism spectrum disorders (ASD), Cytomegalovirus (CMV) infection, Congenital CMV infection, 2-sample

Background

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal disorder characterized by repetitive, stereotypical
behaviours and impaired expressive communication [1].
The prevalence of ASD is estimated to be ~2% in devel-
oped countries [2] and relatively lower in lower-income
areas [3]. The aetiology of ASD remains elusive; however,
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many risk factors for ASD have been discovered, includ-
ing genetic and environmental factors [4].
Cytomegalovirus (CMV) is considered a risk factor
for ASD since CMV-infected infants can manifest mul-
tiple central nervous system (CNS) disorders, such as
microcephaly, periventricular calcifications, and sen-
sorineural hearing loss [5]. As a widely known virus
affecting the CNS in paediatric patients, CMV can be
transmitted from pregnant mothers to newborns, which
is defended as congenital CMV infection. Postnatal infec-
tions are usually transmitted by exposure to human milk,
blood products, or transplanted organs. Most congenital
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infections and human milk-associated CMV infections
are asymptomatic [5, 6].

CMV infection has been suggested as a risk factor
for ASD for many decades, but systematic studies on
the correlation between CMV infections and ASD are
still limited. There are some case series that reported that
congenital CMYV increased the risk of ASD; however, the
sample sizes of these studies are very small (n<10) [7, 8].
A meta-analysis showed a high prevalence of congeni-
tal CMV infection in ASD cases, but this result was still
limited by having too few events (0-2) in all included
studies [9]. The titer and seropositivity rates of antibod-
ies to CMV are similar between children with ASD and
healthy controls [10]. Moreover, a 12-year retrospective
analysis revealed that cognitive and motor development
were similar in extremely premature infants with or with-
out postnatal CMV [11]. These studies showed that the
relationship between CMV infection and ASD remains
unclear and needs to be further clarified.

Mendelian randomization (MR) is a method that uses
variants that are robustly associated with exposure fac-
tors to generate more reliable evidence regarding which
interventions should influence specific outcomes [12].
Evidence derived from MR has a lower strength than ran-
domized controlled clinical trials (RCTs) but is stronger
than observational studies, such as case-control stud-
ies [13]. On the other hand, MR studies usually include
a much larger sample size than clinical trials, especially
when there is a low clinical prevalence.

In this study, we used 2-sample MR to investigate the
association between CMYV infection and ASD. We used
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genetic variants associated with unspecified cytomegalo-
viral diseases, anti-CMV IgG levels, and maternal CMV
as instrumental variables to evaluate CMV infection as a
risk factor for ASD.

Methods
The workflows of instrument variant selection and MR
analysis are shown in Fig. 1.

Data sources
We conducted this 2-sample MR study using genome-
wide association studies (GWAS) summary data from
FinnGen and the IEU Open GWAS project. FinnGen
(https://www.finngen.fi) is a large public-private part-
nership aiming to collect and analyse genome and health
data from 500,000 Finnish biobank participants. The
GWAS data are combined with phenotype data pro-
duced from several national health registries. The IEU
Open GWAS project (https://gwas.mrcieu.ac.uk/) is an
open-source data infrastructure that contains 126 billion
genetic associations from 14,582 complete GWAS datas-
ets representing a range of different human phenotypes
and disease outcomes across different populations [14].
(1) Instrumental variables of unspecified
cytomegaloviral diseases were extracted from
FinnGen GWAS summary data CMV_NOS
(n=429,206) (https://r8.finngen.fi/pheno/
CMV_NOS).
(2) Instrumental variables of anti-CMV IgG levels were
extracted from the IEU Open GWAS project. The
GWAS summary dataset ieu-b-4900 (n=5,010)
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Fig. 1 The workflows of instrument variant selection and MR analysis
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(https://gwas.mrcieu.ac.uk/datasets/ieu-b-4900/)
was used to investigate the association between
CMYV infection and ASD. The population of this
study was European.

(3) Instrumental variables of maternal CMV were
extracted from the GWAS summary table published
by Berglum et al [15](n=4,969, only variants with
P <5x 10" *are listed). The population of this study
was German-Dutch.

GWAS summary data KRA_PSY_AUTISM_EXMORE
(n=429,209) from FinnGen were used as the outcome
dataset in MR (https://r8.finngen.fi/pheno/KRA_PSY_
AUTISM_EXMORE). The linkage disequilibrium (LD)
reference was obtained from http://fileserve.mrcieu.

ac.uk/1d/1kg.v3.tgz.

Statistical analysis

Two-sample MR [16] uses genetic variants extracted
from GWAS summary data as instruments to assess the
causal relationship between exposure and outcome. We
chose instrument variants (IVs) by following these steps:
(1) Select the genetic variant with the lowest p value. (2)
Remove all other genetic variants from consideration
that are correlated with the chosen variant. (3) Select the
genetic variant with the lowest p value from the remain-
ing variants and again remove variants correlated with
the chosen variant [17].

In these 3 MR analyses, IVs in (1) and (2) were selected
by P<5x107® and r2<0.001. In study (3), IVs were
selected by P<5x107°, and r2<0.1 for no variants in this
study met our former criteria. To evaluate weak instru-
ments used in MR analysis, the instrument strength
(F-statistic) for every single variant was calculated as
follows:

F = (beta/se(beta))? [18].

All 2-sample MR analyses were conducted by R v4.2.2
and R package TwoSampleMR v0.5.6 (https://mrcieu.
github.io/TwoSampleMR). Variant clumps were gener-
ated by the R package ieugwasr v0.1.5 (https://mrcieu.
github.io/ieugwasr). Variants LD with other variants,
absence from LD reference, or palindromic variants
were trimmed before MR analysis. MR-Egger regres-
sion, weighted median, weighted mode, simple mode,
and inverse variance weighted (IVW) were used as MR
methods.

A positive control MR

To further assess whether our IVs are informative or not
sufficiently informative to reveal a causal association, we
conducted a positive control MR analysis between CMV
and known CMV-associated symptoms,hydrocephalus
[19] (other and unspecified hydrocephalus, finn-b-
G6_HCOTHUNS,https://gwas.mrcieu.ac.uk/datasets/
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finn-b-G6_HCOTHUNS/). This positive control is
described in detail in Additional file 1.

Results

Genetic instruments

Following the parameters described above, 5 variants
were used as IVs for unspecified cytomegaloviral dis-
eases, 7 variants for anti-CMV IgQG levels, and 3 variants
for maternal CMV (Fig. 2). The LD matrix between SNPs
and the statistical values of SNPs in the exposure and
outcome are available in Additional files 2 and 3.

Causal estimation of CMV infection on ASD

Based on GWAS summary datasets from FinnGen and
the IEU Open GWAS project, MR analysis was con-
ducted to assess the relationship between 3 kinds of
CMV infections and ASD. All static methods showed no
significant causal relationship between CMV infections
and ASD (Fig. 3). Only 1 IV might have relationship with
ASD (P=0.059, rs122146438, Fig. 2).

Pleiotropy, heterogeneity, and instrument strength for MR
estimates

MR-Egger regression and IVW showed no evidence for
heterogeneity and horizontal pleiotropy (Table 1). Plei-
otropy refers to a genetic variant being associated with
multiple risk factors for the outcome. This could be
evaluated by the interception of Egger regression (Egger
intercept column of Table 1). All intercepts were near 0,
indicating that the IVs were not additionally associated
with another risk factor for the outcome.

In all 3 CMV infection-associated GWAS datas-
ets, none of the variants met statistical significance
P<5x107%. In study (3), we set the criteria to P<5x107°
and r2<0.1 to avoid single IV in this MR analysis. The
E-statistic for each IV is listed in Fig. 2. All variants but
1 (rs146990284) were not too weak instruments (F>10).

We described a positive control MR analysis in Addi-
tional file 1 to show that our IVs are informative to indi-
cate a causal relationship between CMV infection and
hydrocephalus.

Discussion

ASD affects people worldwide and brings both health
and economic burdens. As a widely known virus affecting
the CNS in paediatric patients, CMV has long been sug-
gested as a risk factor for ASD, yet no definite evidence
has been found. To investigate whether CMV infection
has a causal relationship with ASD, we conducted 3 MR
analyses between ASD and unspecified cytomegaloviral
diseases, anti-CMYV IgG levels, and maternal CMV using
GWAS summary data from the FinnGen and IEU Open
GWAS projects.
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Fig. 2 Variants used as IVs in this study

A total of 15 variants were used as I'Vs in these 2-sample
MR studies. Limited by low clinical prevalence, no vari-
ants significantly associated with CMV infection (default
cut-off used in MR was p<5x10~%) were identified in
these GWAS datasets. This normally used threshold of
5% 1078 would predict an F statistic of approximately 30,
and a higher F statistic means lower bias. However, all
IVs but 1 (rs146990284) had an F over 10, indicating that
they were not too weak instruments.

MR Egger regression, IVW, weighted median, weighted
mode and simple mode were used in MR analysis. The
results showed no causal relationship between CMV
infection and ASD, indicating that CMV IgG positivity
could not be considered a risk factor for ASD. Mende-
lian randomization studies could derive evidence with
stronger strength than observational studies with a much
larger sample size [13],thus partly covering the shortage
of previously published studies with too few events (0-2)
included.

While qualitative studies were limited by event num-
ber, quantitative studies were published. Slawinski et al.
reported that maternal CMV seropositivity was related to
autism symptoms (n=82 and 68 for CMV-negative and
CMV-positive groups,respectively) [20]. They used the

Social Responsiveness Scale, Second Edition (SRS-2) as
the ASD evaluation method, and in the maternal CMV
sero-positive group, the mean score was 54.8, which was
higher than that of the negative group (51.1). However,
the population mean of the SRS-2 was expected to be 50,
with a standard deviation of 10, and in ASD diagnosis, it
was used as a categorical outcome (<60 indicated normal
and 60-65 indicated mild deficits in social interactions).
This study indicates that CMV infection might contribute
to a small part of ASD risk factors, which is not enough
for a categorical outcome.

The main limitation of this study is the small number
of IVs, and most IVs are not strong instruments, which
is a consequence of the low clinical prevalence of CMV
infection. A large number of IVs with strong evidence
strength is not always available, and a small number of
IVs with strong and specific biological links could also
provide evidence. To further assess whether our IVs are
informative or not sufficiently informative, we conducted
a positive-control MR analysis between CMV and hydro-
cephalus [19] (Additional file 1). A significant causal
relationship was found between unspecified cytomegalo-
viral diseases (5 IVs) and hydrocephalus. All 5 IVs from
unspecified cytomegaloviral disease GWAS summary
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Fig. 3 MR analysis of CMV infections and ASD.

Table 1 Heterogeneity and horizontal pleiotropy of 3 MR studies

exposure method Qpval Egger pval
intercept

unspecified cytomega- MR Egger 0096  -0.002 0.991

loviral diseases VW 0.174

anti-CMV IgG level MR Egger  0.278 0.056 0.500
VW 0324

maternalCMV MREgger 0929  -0.044 0.896
VW 0.983

data had an F-statistic of approximately 20. However,
the maternal CMV dataset with fewer IVs (3 IVs) did not
have a positive result in the positive control. The nega-
tive results might be a consequence of a low proportion
of symptomatic congenital CMV. Approximately 80-90%
of CMYV infections are asymptomatic [5, 6]. If only severe
infections contribute to the outcome, then the number of
events would be very low; consequently, a very large sam-
ple size is needed to assess the risk. These factors showed
another limitation in this study. Asymptomatic CMV
infection and infection with severe symptoms were not

distinguished in the exposure datasets. Study 1 with an
unspecified cytomegaloviral disease (symptomatic CMV
infection) dataset could partly cover this shortage. The
combination of all 3 studies could increase the sensitivity
of finding causal relationships between CMV infection
and other clinical symptoms.

Our results provide evidence that CMV infection does
not directly increase ASD risk by 2-sample MR, and this
evidence is stronger than observational studies. These
results, together with published literature, show the com-
plexity of ASD aetiology. Researchers should be more
cautious when analysing the association between CMV
infection and ASD. To further investigate the contribu-
tion of CMV infection to ASD aetiology, population-
based studies with large sample sizes are needed, as is a
better-designed attribution analysis.

List of Abbreviations

ASD Autism spectrum disorders

(@Y% Cytomegalovirus

GWAS  Genome-wide association studies



Zhang et al. BMC Psychiatry (2023) 23:559

Vs Instrument variants

VW Inverse variance weighted

LD Linkage disequilibrium

MR Mendelian randomization

RCTs Randomized controlled clinical trials

Supplementary Information

The online version contains supplementary material available at https://doi.

0rg/10.1186/512888-023-05035-w.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements
We would like to thank our institution for supporting.

Authors’ contributions
Mengna Zhang wrote the main manuscript. Ying Ming and Yunling Du
reviewed the manuscript. Ziyuan Xin made data curation.

Funding
Not applicable.

Data Availability

All data used in this study are obtained from open access databases or
published manuscript. FinnGen: https://r8.finngen.fi/pheno/CMV_NOS.
https://r8.finngen.fi/pheno/KRA_PSY_AUTISM_EXMORE. IEU Open GWAS

project: https:.//gwas.mrcieu.ac.uk/datasets/ieu-b-4900. https://gwas.mrcieu.

ac.uk/datasets/finn-b-G6_HCOTHUNS.

Declarations
Ethics approval and consent to participate
All data used in this work are publicly available from studies with relevant

participant consent and ethical approval.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 April 2023 / Accepted: 18 July 2023
Published online: 02 August 2023

References

1. American Psychiatric Association. Diagnostic and statistical manual of mental

disorders. 5th ed. American Psychiatric Association; 2013.

2. Hirota T, King BH. Autism spectrum disorder: a review. JAMA.
2023;329(2):157-68. https://doi.org/10.1001/jama.2022.23661.

3. Wallis KE, Adebajo T, Bennett AE, Drye M, Gerdes M, Miller JS et al. Short

report: prevalence of autism spectrum disorder in a large pediatric primary

care network. Autism 2023 Jan 18:13623613221147396. doi: https://doi.
0rg/10.1177/13623613221147396. Epub ahead of print.

13.

20.

Page 6 of 6

Nadeem MS, Al-Abbasi FA, Kazmi |, Murtaza BN, Zamzami MA, Kamal MA,

et al. Multiple risk factors: a challenge in the management of Autism. Curr
Pharm Des. 2020;26(7):743-54. https://doi.org/10.2174/138161282666620022
6101218.

Plosa EJ, Esbenshade JC, Fuller MP, Weitkamp JH. Cytomegalovirus infection.
Pediatr Rev. 2012;33(4):156 - 63; quiz 163. doi: https://doi.org/10.1542/
pir.33-4-156.

Bryant P, Morley C, Garland S, Curtis N. Cytomegalovirus transmission from
breast milk in premature babies: does it matter? Arch Dis Child Fetal Neonatal
Ed. 2002;87(2):F75-7. https://doi.org/10.1136/fn.87.2.f75.

Sweeten TL, Posey DJ, McDougle CJ. Brief report: autistic disorder in

three children with cytomegalovirus infection. J Autism Dev Disord.
2004;34(5):583-6. https://doi.org/10.1007/510803-004-2552-y.

Garofoli F, Lombardi G, Orcesi S, Pisoni C, Mazzucchelli |, Angelini M, et al. An
italian prospective experience on the Association between congenital cyto-
megalovirus infection and autistic spectrum disorder. J Autism Dev Disord.
2017;47(5):1490-5. https://doi.org/10.1007/510803-017-3050-3.

Maeyama K, Tomioka K, Nagase H, Yoshioka M, Takagi Y, Kato T, et al. Congeni-
tal cytomegalovirus infection in children with Autism Spectrum Disorder: sys-
tematic review and Meta-analysis. J Autism Dev Disord. 2018;48(5):1483-91.
https://doi.org/10.1007/510803-017-3412-x.

Gentile |, Zappulo E, Bonavolta R, Maresca R, Messana T, Buonomo AR, et al.
Prevalence and titre of antibodies to cytomegalovirus and epstein-barr virus
in patients with autism spectrum disorder. Vivo. 2014 Jul-Aug;28(4):621-6.
Kosicek R, Kristan B, Erculj V, Kornhauser Cerar L, Petrovec M, Pokorn M, et

al. Postnatal CMV infection and antiviral treatment in extremely premature
infants: a 12-Year retrospective analysis. Pediatr Infect Dis J. 2023;42(2):159-
65. https://doi.org/10.1097/INF.0000000000003737. Epub 2022 Jan 11.
Davey Smith G, Hemani G. Mendelian randomization: genetic anchors

for causal inference in epidemiological studies. Hum Mol Genet.
2014;23(R1):R89-98. https://doi.org/10.1093/hmg/ddu328. Epub 2014 Jul 4.
Davies NM, Holmes MV, Davey Smith G. Reading mendelian randomisation
studies: a guide, glossary, and checklist for clinicians. BMJ. 2018;362:k601.
https://doi.org/10.1136/bmjk601.

Elsworth B, Lyon M, Alexander T, Liu Y, Matthews P, Hallett J et al. The MRC IEU
OpenGWAS data infrastructure.bioRxiv 2020.08.10.244293v1. doi: https://doi.
0rg/10.1101/2020.08.10.244293.

Borglum AD, Demontis D, Grove J, Pallesen J, Hollegaard MV, Pedersen CB,

et al. Genome-wide study of association and interaction with maternal
cytomegalovirus infection suggests new schizophrenia loci. Mol Psychiatry.
2014;19(3):325-33. https://doi.org/10.1038/mp.2013.2. Epub 2013 Jan 29.
Lawlor DA, Commentary. Two-sample mendelian randomization: oppor-
tunities and challenges. Int J Epidemiol. 2016;45(3):908-15. https://doi.
org/10.1093/ije/dyw127.

Stephen Burgess SG. ThompsonMendelian Randomization Methods for
Causal Inference Using Genetic Variants Second Edition. P142.

Stephen Burgess SG. ThompsonMendelian Randomization Methods for
Causal Inference Using Genetic Variants Second Edition. P124.

Warf BC. Hydrocephalus in Uganda: the predominance of infectious origin
and primary management with endoscopic third ventriculostomy. J Neuro-
surg. 2005;102(1 Suppl):1-15. https://doi.org/10.3171/ped.2005.102.1.0001.
Slawinski BL, Talge N, Ingersoll B, Smith A, Glazier A, Kerver J, et al. Maternal
cytomegalovirus sero-positivity and autism symptoms in children. Am J
Reprod Immunol. 2018;79(5):e12840. https://doi.org/10.1111/aji.12840. Epub
2018 Mar 9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s12888-023-05035-w
https://doi.org/10.1186/s12888-023-05035-w
https://r8.finngen.fi/pheno/CMV_NOS
https://r8.finngen.fi/pheno/KRA_PSY_AUTISM_EXMORE
https://gwas.mrcieu.ac.uk/datasets/ieu-b-4900
https://gwas.mrcieu.ac.uk/datasets/finn-b-G6_HCOTHUNS
https://gwas.mrcieu.ac.uk/datasets/finn-b-G6_HCOTHUNS
https://doi.org/10.1001/jama.2022.23661
https://doi.org/10.1177/13623613221147396
https://doi.org/10.1177/13623613221147396
https://doi.org/10.2174/1381612826666200226101218
https://doi.org/10.2174/1381612826666200226101218
https://doi.org/10.1542/pir.33-4-156
https://doi.org/10.1542/pir.33-4-156
https://doi.org/10.1136/fn.87.2.f75
https://doi.org/10.1007/s10803-004-2552-y
https://doi.org/10.1007/s10803-017-3050-3
https://doi.org/10.1007/s10803-017-3412-x
https://doi.org/10.1097/INF.0000000000003737
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1101/2020.08.10.244293
https://doi.org/10.1101/2020.08.10.244293
https://doi.org/10.1038/mp.2013.2
https://doi.org/10.1093/ije/dyw127
https://doi.org/10.1093/ije/dyw127
https://doi.org/10.3171/ped.2005.102.1.0001
https://doi.org/10.1111/aji.12840

	﻿Two-sample Mendelian randomization study does not reveal a significant relationship between cytomegalovirus (CMV) infection and autism spectrum disorder
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Data sources
	﻿Statistical analysis
	﻿A positive control MR

	﻿Results
	﻿Genetic instruments
	﻿Causal estimation of CMV infection on ASD
	﻿Pleiotropy, heterogeneity, and instrument strength for MR estimates

	﻿Discussion
	﻿References


