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ABSTRACT
BACKGROUND: Previous studies have shown associations between maternal infections during pregnancy and
increased risks of schizophrenia and autism spectrum disorder in the offspring. However, large-scale studies
investigating an association between parental infections both during and outside the pregnancy period and the
risk of any mental disorder in the child are lacking.
METHODS: A nationwide Danish cohort study identified 1,206,600 children born between 1996 and 2015 and fol-
lowed them to a maximum of 20 years of age. Exposure included all maternal and paternal infections treated with anti-
infective agents or hospital contacts before, during, or after pregnancy. The main outcome was a diagnosis of any
mental disorder in the child. Hazard ratios (HRs) were calculated using Cox regression analysis.
RESULTS: Maternal infections during pregnancy treated with anti-infective agents (n = 567,016) increased the risk of
mental disorders (n = 70,037) in the offspring (HR, 1.09; 95% confidence interval [CI], 1.06–1.12), which was more
elevated (p , .001) than after paternal infections (n = 350,835; HR, 1.01; 95% CI, 0.98–1.03). Maternal hospital
contacts for infections (n = 39,753) conferred an increased HR of 1.21 (95% CI, 1.14–1.28), which was not significantly
(p = .08) different from the risk after paternal infections (n = 8559; HR, 1.07; 95% CI, 0.95–1.20). The increased risks
observed during pregnancy were not different from the similarly increased risks for maternal and paternal infections
before and after pregnancy. The risk of mental disorders increased in a dose-response relationship with the number of
maternal infections treated with anti-infective agents, particularly during and after pregnancy (both p , .001).
CONCLUSIONS: Maternal infections were associated with an increased risk of mental disorder in the offspring;
however, there were similar estimates during and outside the pregnancy period.
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Infections during pregnancy are common, and approximately
40% of all pregnant women in Denmark are exposed to in-
fections treated with antibiotics during pregnancy (1). Over the
last decades, maternal infections and inflammatory responses
during pregnancy have increasingly been suggested to affect
the fetal developing brain, elevating the risk of mental disor-
ders in the offspring. The majority of studies have focused on
psychosis and schizophrenia (2–16). Maternal infections during
pregnancy with rubella (2), Toxoplasma gondii (3), herpes
simplex virus type 2 (4,5), influenza virus (6,7), and bacterial
infections during the first trimester (8) have been associated
with an increased risk of schizophrenia in the offspring. How-
ever, the findings have not been consistent (3,9–11,17,18), and
few epidemiological studies have investigated other mental
disorders such as autism spectrum disorder (19–24) and af-
fective disorder (3,25–29). Most prior studies have had several
limitations, e.g., few cases (2,3,9), infections based on
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maternal self-report (12,20,21), or ecological study design
(6,7). In the larger studies, exposure has mainly been based on
infections requiring hospital contacts (11,13,19), thus dis-
regarding the more commonly occurring infections treated by
general practitioners. Finally, the majority of studies have not
taken potentially important confounders into account, e.g.,
parental psychiatric diagnoses (8,21) or socioeconomic factors
(3,13,19).

Several pathways have been suggested for the above-
mentioned associations. Although the infection itself could
impact the developing fetal central nervous system directly
(2,3), it is also likely that maternal immune activation in
response to infections plays a significant part (16,30,31), as
similarly increased risks of mental disorders have been found
across a wide range of infections and in relation to fever
(12,20,21,32) and elevated acute phase reactants (23,33).
Maternal immune activation is thought to influence the fetal
ON PAGE 285

ª 2018 Society of Biological Psychiatry. 317
cal Psychiatry February 15, 2019; 85:317–325 www.sobp.org/journal

https://doi.org/10.1016/j.biopsych.2018.09.013
http://www.sobp.org/journal


Pregnancy Infections and Mental Disorders of the Child

Biological
Psychiatry:
Celebrating
50 Years
microglia, which play a pivotal role in neural circuit formation
and other neurodevelopmental processes (30). However, one
previous study found that parental hospitalizations for in-
fections before, during, and after pregnancy similarly increased
the risk of schizophrenia (13). This has led to the question of
whether the proposed relationship between infections and
mental disorders is rather a shared genetic susceptibility to
infections and mental disorders, which could also extend to
other mental disorders. Furthermore, animal studies have
investigated the intake of anti-infective medication during
pregnancy and observed behavioral changes in the offspring,
suggesting that alterations of the gut microbiome due to anti-
infective medication are associated with behavioral changes in
the absence of maternal infection (34–36).

We aimed to investigate the association between all treated
parental infections during pregnancy in the primary and sec-
ondary care health sectors and the offspring’s risk of being
diagnosed with any mental disorder. We included a compari-
son of maternal and paternal infections during pregnancy with
40 weeks before and 40 weeks after the pregnancy period to
examine if a possible association was confined to maternal
infections during pregnancy or if it was merely a generally
increased susceptibility to infections among the parents, as
suggested by a previous study (13). Additionally, we investi-
gated the risk of specific mental disorders, dose-response
relationships, and associations with timing of infection expo-
sure based on pregnancy trimester.

METHODS AND MATERIALS

Study Population

The present study is a nationwide, register-based cohort study
covering the entire Danish population (approximately 5.5
million inhabitants). We included all children born in Denmark
between July 1, 1996, and December 31, 2015, utilizing the
Danish Civil Registration System (37). This register includes
information on each resident in Denmark regarding place and
date of birth, sex, and identity of parents, and assigns all
Danish residents a unique personal identification number,
which allows almost complete linkage between different reg-
isters. We excluded children with missing parental information
establishing a cohort of 1,206,600 individuals. All individuals
were followed from their first birthday to first outcome (see
below), emigration, death, or end of the study period on April
22, 2017, whichever came first.

Exposure: Assessment of Infections

We identified all treated maternal and paternal infections via 1)
prescribed anti-infective agents and 2) diagnosed infections
requiring hospital contacts. Data on anti-infective agents were
obtained through the National Prescription Registry (38), which
contains information on all redeemed prescriptions since
January 1, 1995. The anti-infective agents were divided into
antibacterial agents and other anti-infective agents, i.e., anti-
viral, antimycotic, and antiparasitic (Supplemental Table S1).
We decided a priori to group the viral, mycotic, and parasitic
infections together (39), as we expected fewer cases in this
group because the majority of these infections are not treated
with anti-infective agents requiring prescription, or with
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medication at all. Infections requiring hospital contacts were
identified via the National Patient Register (40), which has
registered all diagnoses given in Danish somatic hospitals
since 1977, including information on all outpatient contacts
since January 1, 1995. Hospital contacts were divided into
bacterial infections and other infections, i.e., viral, parasitic,
and mycotic infections (Supplemental Table S2).

Exposure Periods

The abovementioned infections were identified before, during,
and after the pregnancy period. We defined the pregnancy
period as the 40 weeks before the date of birth. This period
was subdivided into trimesters; weeks 0 to 12 (first trimester),
weeks 13 to 28 (second trimester), weeks 29 to 40 (third
trimester). The pre- and postpregnancy periods were defined
as the 40 weeks before the pregnancy period and the 40
weeks following the date of birth, respectively.

Outcome: Assessment of Mental Disorders

The Danish Psychiatric Central Research Register (41) includes
all hospitalizations in psychiatric hospitals since 1969 and
outpatient treatment and emergency room contacts since
January 1, 1995. We identified mental disorders within the
cohort from first birthday to the end of study on April 22, 2017,
both as inpatient admissions and as outpatient and psychiatric
emergency department contacts. Our main outcome was any
mental disorder defined as a diagnosis of F20 to F99 according
to the ICD-10. We only included the main diagnosis of the first
psychiatric hospital contact; hence, secondary diagnoses were
not included. Our secondary outcomes were specific di-
agnoses depending on category according to ICD-10 (i.e.,
schizophrenia and schizotypal and delusional disorders
[F20–29]; mood disorders [F30–39]; neurotic, stress-related,
and somatoform disorders [F40–49]; behavioral syndromes
associated with physiological disturbances and physical fac-
tors [F50–59]; disorders of adult personality and behavior
[F60–69]; mental retardation [F70–79]; disorders of psycho-
logical development [F80–89]; and behavioral and emotional
disorders with onset usually occurring in childhood and
adolescence [F90–99]). Finally, we specifically identified autism
spectrum disorder (ICD-10: F84.0, F84.1, F84.5, F84.8, F84.9).
For specific diagnostic categories of mental disorders, we
included the first psychiatric hospital contact with the diag-
nostic category in question.

Covariates

Sex and birth year were derived from the Danish Civil Regis-
tration System (37). Birth year was categorized into four groups
(1996–2000, 2001–2005, 2006–2010, 2011–2015). Parental
age at childbirth was categorized into five categories: ,25
years of age, 25 to 29 years of age, 30 to 34 years of age, 35 to
39 years of age, and $40 years of age. Information on parental
education was obtained from the Danish Education Registers
(42) and was defined as the highest level of education at
childbirth and divided into nine categories (primary education,
upper secondary education, vocational education and training,
qualifying educational programs, short-cycle higher education,
vocational bachelor’s education, bachelor’s programs, mas-
ter’s education, Ph.D. programs). Parental psychiatric history
rg/journal
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Table 1. Characteristics of Study Population at Time of
Birth

No Parental
Infections During

Pregnancy

$1 Parental
Infection During

Pregnancy

Sex

Male 238,198 (51.2) 380,583 (51.3)

Female 226,673 (48.8) 361,146 (48.7)

Maternal Age

,25 years 54,827 (11.8) 101,531 (13.7)

25–29 years 159,636 (34.3) 244,553 (33.0)

30–34 years 167,666 (36.1) 262,505 (35.4)

35–39 years 70,691 (15.2) 113,478 (15.3)

$40 years 12,051 (2.6) 19,662 (2.7)

Paternal Age

,25 years 25,600 (5.5) 49,071 (6.6)

25–29 years 114,427 (24.6) 176,175 (23.8)

30–34 years 172,227 (37.1) 266,258 (35.9)

35–39 years 102,446 (22.0) 165,373 (22.3)

$40 years 50,171 (10.8) 84,852 (11.4)

Maternal Level of Education

Primary education 72,169 (15.5) 149,879 (20.2)

Upper secondary education 36,927 (7.9) 57,168 (7.7)

Vocational education and training 13,160 (2.8) 19,511 (2.6)

Qualifying educational programs 133,296 (28.7) 221,864 (29.9)

Short-cycle higher education 22,510 (4.8) 32,599 (4.4)

Vocational bachelors education 98,458 (21.2) 144,934 (19.5)

Bachelor’s programs 14,916 (3.2) 19,226 (2.6)

Master’s education 49,354 (10.6) 67,301 (9.1)

Ph.D. programs 1898 (0.4) 2367 (0.3)

Paternal Level of Education

Primary education 78,086 (16.8) 151,424 (20.4)

Upper secondary education 25,779 (5.6) 38,980 (5.3)

Vocational education and training 11,518 (2.5) 17,306 (2.3)

Qualifying educational programs 175,327 (37.7) 288,869 (39.0)

Short-cycle higher education 29,297 (6.3) 42,952 (5.8)

Vocational bachelors education 53,578 (11.5) 78,558 (10.6)

Bachelors programs 11,719 (2.5) 15,307 (2.1)

Masters education 53,159 (11.4) 73,465 (9.9)

Ph.D. programs 3769 (0.8) 5021 (0.7)
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was defined as any diagnosis (ICD-10: F00–99; ICD-8:
290–315) before childbirth since 1969 (41). Parental physical
illnesses was defined in accordance with the Charlson Co-
morbidity Index (43) modified for use with the ICD-10 (44) as a
diagnosis of any of the 19 medical diseases considered in the
Charlson Comorbidity Index before childbirth (40). The risk of
spread of an infection from one parent to the other was
handled by adjusting the analyses for concurrent infection
(either treated with anti-infective agents or hospital contacts) in
the other parent. Parental infection outside the time period was
defined as one or more maternal or paternal infections in any
other time periods.

Statistical Analyses

The primary analysis compared individuals who had been
exposed to maternal infections treated with anti-infective
agents or resulting in hospital contact before, during, or after
the pregnancy period with nonexposed individuals during the
specific period regarding the risk of any mental disorder. We
performed the same analyses comparing individuals exposed
to paternal infections with nonexposed individuals. In the
secondary analysis, we investigated potential vulnerable
periods for maternal or paternal infections during pregnancy
depending on trimester. In the tertiary analysis, we investi-
gated the risk of specific mental disorders by comparing
individuals exposed to maternal or paternal infections before,
during, or after the pregnancy period with nonexposed
individuals during the specified periods. Furthermore, we
investigated potential dose-response relationships between
the number of infections treated with anti-infective agents and
risk of mental disorders.

All analyses were performed with Stata version 13.1 (Sta-
taCorp, College Station, TX). We conducted Cox regression
analyses with age as the underlying timescale and present
results as hazard ratio (HR) with 95% confidence interval (CI).
In all analyses, the underlying hazards were stratified by sex
and adjusted for birth year, parental age at childbirth, parental
educational level at childbirth, any parental psychiatric di-
agnoses before childbirth, parental physical illnesses before
childbirth, concurrent infection in the other parent, and parental
infections outside the time period. We adjusted for multiple
comparisons using Bonferroni correction.
Maternal Psychiatric Diagnosis

No 440,598 (94.8) 685,837 (92.5)

Yes 24,273 (5.2) 55,892 (7.5)

Paternal Psychiatric Diagnosis

No 449,094 (96.6) 707,410 (95.4)

Yes 15,777 (3.4) 34,319 (4.6)

Values are n (%).
RESULTS

The cohort consisted of 1,206,600 children born July 1, 1996,
to December 31, 2015, with 11.8 million person-years of
follow-up from July 1, 1997, to April 22, 2017 (see Table 1 for
characteristics of the study population). A total of 567,016
(47.0%) children were exposed to maternal infections treated
with anti-infective agents during pregnancy, while 39,753
(3.3%) were exposed to maternal infections requiring hospital
contacts during pregnancy (see Table 2 for all exposures
before, during, and after pregnancy). A total of 70,037 (5.8%)
individuals developed a mental disorder during the study
period, of which 36,034 (51.5%) had been exposed to maternal
infections treated with anti-infective agents during pregnancy
and 2504 (3.6%) had been exposed to maternal infections
requiring hospital contacts during pregnancy.
Biological Psyc
Parental Infections During Pregnancy and the Risk
of Mental Disorder in the Child

In the fully adjusted model, we found that children exposed to
maternal infections treated with anti-infective agents during
pregnancy had an increased risk of any mental disorder (HR,
1.09; 95% CI, 1.06–1.12) compared with children not exposed
to maternal infections treated with anti-infective agents during
pregnancy (Table 3). This was more elevated (p , .001) than
hiatry February 15, 2019; 85:317–325 www.sobp.org/journal 319
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Table 2. Maternal and Paternal Infections Before, During,
or After Pregnancy Among 1,206,600 Individuals

Before
Pregnancy

During
Pregnancy

After
Pregnancy

Maternal Infections

Prescriptions 571,486 (47.4) 567,016 (47.0) 589,807 (48.9)

Bacterial 494,351 (41.0) 522,656 (43.3) 524,429 (43.5)

Other 194,717 (16.1) 116,687 (9.7) 176,977 (14.7)

Hospital contacts 15,338 (1.3) 39,753 (3.3) 34,599 (2.9)

Bacterial 9658 (0.8) 31,512 (2.6) 29,635 (2.5)

Other 6229 (0.5) 9809 (0.8) 6138 (0.5)

Paternal Infections

Prescriptions 363,170 (30.1) 350,835 (29.1) 355,020 (29.4)

Bacterial 302,037 (25.0) 291,388 (24.2) 300,790 (24.9)

Other 102,233 (8.5) 98,181 (8.1) 91,692 (7.6)

Hospital contacts 8994 (0.8) 8559 (0.7) 9139 (0.8)

Bacterial 4462 (0.4) 4415 (0.4) 4670 (0.4)

Other 4861 (0.4) 4421 (0.4) 4833 (0.4)

Values are n (%). Numbers are based on one or more prescriptions
for anti-infective agents or infections requiring hospital contact during
the designated period.

Pregnancy Infections and Mental Disorders of the Child

Biological
Psychiatry:
Celebrating
50 Years
after paternal infections treated with anti-infective agents
during pregnancy (HR, 1.01; 95% CI, 0.98–1.03). Exposure to
maternal infections requiring hospital contacts during preg-
nancy increased the risk of mental disorder (HR, 1.21; 95% CI,
1.14–1.28), which was not significantly (p = .08) different from
the risk associated with paternal infections resulting in hospital
contacts (HR, 1.07; 95% CI, 0.95–1.20). We found no differ-
ence in the increased risk of mental disorders after maternal
infections of bacterial or other origin (Supplemental Table S3).

Regarding the site of the parental infection requiring hos-
pital contact, only maternal sepsis conveyed an increased risk
of mental disorders in the child (HR, 2.78; 95% CI, 1.16–6.67,
n = 8) (Supplemental Table S4).
Table 3. Risk of Any Mental Disorder in Offspring by Maternal a

Prepregnancy Period D

No. of Cases
Fully Adjusted
HR (95% CI) No. of Ca

Maternal Infection Treated With Anti-infective Agents

No infection 32,252 1.00 (ref) 34,003

$1 infection 37,785 1.07 (1.05–1.10)a 36,034

Maternal Infection Requiring Hospital Contact

No infection 68,951 1.00 (ref) 67,533

$1 infection 1086 1.11 (1.02–1.21) 2504

Paternal Infection Treated With Anti-infective Agents

No infection 47,547 1.00 (ref) 48,181

$1 infection 22,490 1.02 (1.00–1.05) 21,856

Paternal Infection Requiring Hospital Contact

No infection 69,420 1.00 (ref) 69,460

$1 infection 617 1.10 (0.98–1.24) 577

Hazard ratio (HR) and 95% confidence interval (CI) adjusted for sex, birth y
the time period, parental level of education at childbirth, parental age at
psychiatric diagnoses at childbirth (ICD-10: F00–99).

aSignificant after correction for multiple comparisons.
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Parental Infections Before or After Pregnancy and
the Risk of Mental Disorder in the Child

Most parental infections in the pre- or postpregnancy period
showed increased risk estimates for any mental disorder
similar to those of parental infections during pregnancy
(Table 3). When performing Wald’s test comparing the risk of
mental disorders after maternal and paternal infections during
the same time period, we found that the risks after maternal
infections were significantly higher than after paternal in-
fections for infections treated with anti-infective agents before,
during, and after pregnancy (all p , .03), but found no signif-
icant difference between parental infections resulting in hos-
pital contacts across all three periods. We found no interaction
between sex of the offspring and risk of mental disorders after
parental infections before, during, or after pregnancy.

Infections Based on Trimester and the Risk of
Mental Disorder

We found an increased risk of mental disorders after maternal
infections treated with anti-infective medication in the second
and third trimesters and after maternal infections requiring
hospital contacts in the third trimester, after correction for
multiple comparisons (Table 4). The risk after maternal in-
fections requiring hospital contacts in the third trimester was
higher compared with before (p = .04) and after (p = .04) the
pregnancy period. Paternal infections did not increase the risk
of mental disorders in any trimester. We found no difference
across trimesters in the increased risk depending on bacterial
or other origin of maternal infection (Supplemental Table 5).

Risk of Specific Mental Disorders

There were no significantly increased risks of schizophrenia
spectrum disorders (F20–29), mood disorders (F30–39),
behavioral syndromes (F50–59), personality disorders
(F60–69), or mental retardation (F70–79) in the analyses after
correction for multiple comparisons (Table 5). We found an
nd Paternal Infections Before, During, or After Pregnancy

uring Pregnancy Postpregnancy Period

ses
Fully Adjusted
HR (95% CI) No. of Cases

Fully Adjusted
HR (95% CI)

1.00 (ref) 32,065 1.00 (ref)

1.09 (1.06–1.12)a 37,972 1.08 (1.05–1.11)a

1.00 (ref) 67,967 1.00 (ref)

1.21 (1.14–1.28)a 2070 1.13 (1.06–1.20)a

1.00 (ref) 47,597 1.00 (ref)

1.01 (0.98–1.03) 22,440 1.04 (1.01–1.06)

1.00 (ref) 69,432 1.00 (ref)

1.07 (0.95–1.20) 605 1.01 (0.90–1.14)

ear, concurrent infection in the other parent, parental infections outside
childbirth, parental physical illnesses at childbirth, and any parental
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Table 4. Risk of Any Mental Disorder in Offspring by Maternal and Paternal Infections During First, Second, and Third
Trimesters of Pregnancy

First Trimester Second Trimester Third Trimester

No. of
Cases

Fully Adjusted
HR (95% CI)

No. of
Cases

Fully Adjusted
HR (95% CI)

No. of
Cases

Fully Adjusted
HR (95% CI)

Maternal Infection Treated With Anti-infective Agents

No infection 54,272 1.00 (ref) 52,780 1.00 (ref) 52,045 1.00 (ref)

$1 infection 15,765 1.04 (1.01–1.07) 17,257 1.06 (1.03–1.09)a 17,992 1.09 (1.06–1.12)a

Maternal Infection Requiring Hospital Contact

No infection 69,561 1.00 (ref) 69,225 1.00 (ref) 68,625 1.00 (ref)

$1 infection 476 1.00 (0.87–1.14) 812 1.17 (1.05–1.29) 1412 1.25 (1.16–1.35)a

Paternal Infection Treated With Anti-infective Agents

No infection 61,506 1.00 (ref) 60,528 1.00 (ref) 60,498 1.00 (ref)

$1 infection 8531 1.02 (0.98–1.06) 9509 1.01 (0.98–1.05) 9539 1.00 (0.97–1.04)

Paternal Infection Requiring Hospital Contact

No infection 69,869 1.00 (ref) 69,807 1.00 (ref) 69,813 1.00 (ref)

$1 infection 168 1.01 (0.81–1.25) 230 1.11 (0.92–1.35) 224 1.17 (0.97–1.41)

Hazard ratio (HR) and 95% confidence interval (CI) adjusted for sex, birth year, concurrent infection in the other parent, parental infections outside
the time period, parental level of education at childbirth, parental age at childbirth, parental physical illnesses at childbirth, and any parental
psychiatric diagnoses at childbirth (ICD-10: F00–99).

aSignificant after correction for multiple comparisons.
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increased risk of anxiety disorders (F40–49) and of behavioral
and emotional disorders (F90–99) after maternal infections
before, during, and after pregnancy (Table 5). Maternal in-
fections resulting in hospital contacts during and after preg-
nancy were associated with an increased risk of
developmental disorders (F80–89), with HRs of 1.25 (95% CI,
1.13–1.40) and 1.23 (95% CI, 1.11–1.38), respectively. The
estimates specifically for autism spectrum disorder after
maternal infections requiring hospital contacts were similar,
with an HR of 1.22 (95% CI, 1.08–1.37; p = .001) for infections
during pregnancy and 1.20 (95% CI, 1.06–1.36; p = .003) for
infections after pregnancy.

Dose-Response Associations

Figure 1 indicates that the risk for any mental disorder
increased in a dose-response relationship depending on the
number of maternal prescriptions during and after pregnancy
(both p , .001). We found no dose-response associations with
paternal prescriptions or the number of maternal or paternal
hospital contacts.

DISCUSSION

Our nationwide study is the largest to date investigating the
association between parental infections during pregnancy and
risk of mental disorders in the offspring, covering all treated
infections in the primary and secondary health care sector. We
showed that maternal infections during pregnancy increased
the risk of mental disorders in the child by 9% for infections
treated with anti-infective agents and by 21% for infections
requiring hospital contacts. Maternal infections during preg-
nancy displayed a higher risk than paternal infections
regarding infections treated with anti-infective agents,
whereas there was no significant difference for infections
requiring hospital contact. However, the risk estimates after
maternal infections outside the pregnancy period were
Biological Psyc
similarly elevated compared with the risk after maternal in-
fections during pregnancy. Maternal infections treated with
anti-infective agents increased the risk, with a dose-response
relationship both during pregnancy and after pregnancy,
whereas no dose-response relationships were observed for
paternal infections.

Previous studies have shown conflicting results
(3,9–11,17,18), with some studies indicating that maternal in-
fections during pregnancy could increase the risk of schizo-
phrenia (2–8,13) and autism spectrum disorder (19,20,22–24) in
particular; however, this is the first study to investigate the risk
of any mental disorder in the offspring. Bacterial infections
during the first trimester have been associated with schizo-
phrenia (8), but a study by Nielsen et al. (13) found that the risk
of schizophrenia in the child was similarly increased after
maternal and paternal infections requiring hospital contacts
before, during, or after pregnancy. In addition, Blomström et al.
(11) found an increased risk of psychosis associated with
maternal infections requiring hospitalization 5 years before
pregnancy and with maternal infections during pregnancy for
mothers with mental disorders. Regarding the risk of autism
spectrum disorder, increased risks have been observed after
viral infections during first trimester and bacterial infections
during second trimester (19). Furthermore, Zerbo et al. (22)
found that maternal infection diagnosed during hospitaliza-
tion in the pregnancy period was associated with autism
spectrum disorder, with an odds ratio of 1.48 (95% CI,
1.07–2.04). Our larger study found no increased risk of any
mental disorder after maternal infections during the first
trimester, but increased risks after maternal infections treated
with anti-infective medication in the second and third tri-
mesters and maternal infections requiring hospital contacts in
the third trimester of pregnancy. We did not find a difference in
the risk depending on bacterial or other origin of the infection.
Although we also found similarly elevated risk estimates
before, during, and after pregnancy, we found that maternal
hiatry February 15, 2019; 85:317–325 www.sobp.org/journal 321
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Table 5. Risk of Specific Categories of Mental Disorders in Offspring After Exposure to Maternal or Paternal Infections Before, During, or After Pregnancy

Schizophrenia
Disorders (F20–29)

(n = 2186)

Mood
Disorders

(F30–39) (n = 5559)

Anxiety
Disorders (F40–49)

(n = 18,453)

Behavioral
Syndromes

(F50–59) (n = 3302)

Personality
Disorders (F60–69)

(n = 1817)

Mental
Retardation

(F70–79) (n = 2843)

Developmental
Disorders (F80–89)

(n = 21,254)

Behavioral and
Emotional Disorders
(F90–99) (n = 33,005)

No. of
Cases

Fully
Adjusted

HR (95% CI)
No. of
Cases

Fully
Adjusted

HR (95% CI)
No. of
Cases

Fully
Adjusted

HR (95% CI)
No. of
Cases

Fully
Adjusted

HR (95% CI)
No. of
Cases

Fully
Adjusted

HR (95% CI)
No. of
Cases

Fully
Adjusted

HR (95% CI)
No. of
Cases

Fully
Adjusted

HR (95% CI)
No. of
Cases

Fully
Adjusted

HR (95% CI)

Before Pregnancy

Maternal prescriptions 1214 0.92 (0.80–1.04) 3161 1.06 (0.98–1.15) 10,685 1.10 (1.05–1.15)a 1747 1.00 (0.89–1.11) 1105 1.09 (0.95–1.26) 1536 1.00 (0.89–1.13) 10,742 0.98 (0.94–1.03) 18,688 1.14 (1.10–1.19)a

Maternal hospital
contacts

32 0.92 (0.57–1.48) 79 0.89 (0.65–1.22) 294 1.03 (0.88–1.22) 38 0.92 (0.60–1.41) 23 0.74 (0.43–1.29) 54 1.32 (0.92–1.90) 300 0.98 (0.83–1.16) 585 1.22 (1.09–1.38)

Paternal prescriptions 683 0.97 (0.85–1.11) 1859 1.04 (0.95–1.13) 6264 1.00 (0.95–1.05) 1061 1.12 (1.00–1.25) 626 1.07 (0.93–1.23) 871 0.95 (0.84–1.08) 6567 1.02 (0.98–1.07) 10,961 1.03 (0.99–1.07)

Paternal hospital
contacts

18 1.08 (0.60–1.96) 56 1.31 (0.93–1.85) 183 1.24 (1.02–1.52) 24 0.96 (0.56–1.66) 19 1.22 (0.69–2.16) 24 1.11 (0.64–1.92) 188 1.18 (0.95–1.46) 310 1.06 (0.89–1.26)

During Pregnancy

Maternal prescriptions 1151 1.14 (1.00–1.30) 2810 1.05 (0.97–1.14) 9906 1.09 (1.05–1.15)a 1621 1.12 (1.01–1.25) 941 0.99 (0.87–1.14) 1466 1.04 (0.93–1.17) 10,661 1.07 (1.03–1.12) 17,831 1.13 (1.09–1.17)a

Maternal hospital
contacts

69 1.29 (0.95–1.77) 164 1.11 (0.90–1.38) 611 1.08 (0.96–1.21) 93 1.25 (0.95–1.66) 48 0.86 (0.58–1.28) 113 1.42 (1.10–1.84) 759 1.25 (1.12–1.38)a 1317 1.22 (1.12–1.33)a

Paternal prescriptions 709 1.10 (0.96–1.26) 1712 0.98 (0.90–1.07) 6035 1.02 (0.97–1.07) 970 0.95 (0.85–1.07) 575 1.03 (0.89–1.19) 913 0.94 (0.83–1.07) 6326 0.95 (0.91–1.00) 10,725 1.02 (0.98–1.06)

Paternal hospital
contacts

19 0.93 (0.48–1.79) 40 0.92 (0.60–1.40) 162 1.08 (0.87–1.35) 28 1.49 (0.93–2.37) 15 1.18 (0.65–2.15) 20 1.20 (0.71–2.05) 157 1.12 (0.90–1.40) 318 1.13 (0.96–1.34)

After Pregnancy

Maternal prescriptions 1244 1.08 (0.95–1.23) 3160 1.12 (1.04–1.22) 10,753 1.14 (1.09–1.19)a 1757 1.03 (0.92–1.14) 1092 1.18 (1.03–1.35) 1526 1.11 (0.98–1.25) 11,027 1.02 (0.97–1.06) 18,586 1.09 (1.06–1.14)a

Maternal hospital
contacts

56 1.16 (0.83–1.62) 145 1.16 (0.93–1.43) 556 1.13 (1.00–1.27) 82 1.02 (0.75–1.39) 49 1.15 (0.80–1.64) 100 1.53 (1.18–1.99) 637 1.23 (1.11–1.38)a 1032 1.11 (1.01–1.22)

Paternal prescriptions 719 1.05 (0.92–1.20) 1844 1.12 (1.03–1.22) 6252 1.07 (1.02–1.12) 1019 1.03 (0.92–1.15) 599 1.12 (0.98–1.29) 921 1.03 (0.91–1.17) 6491 1.00 (0.96–1.05) 10,935 1.03 (0.99–1.07)

Paternal hospital
contacts

19 0.84 (0.43–1.61) 52 1.04 (0.71–1.51) 167 0.91 (0.72–1.14) 22 0.94 (0.55–1.63) 18 0.89 (0.46–1.71) 25 1.12 (0.66–1.90) 174 1.11 (0.90–1.37) 312 1.04 (0.88–1.24)

Hazard ratio (HR) and 95% confidence interval (CI) adjusted for sex, birth year, concurrent infection in the other parent, parental level of education at childbirth, parental age at childbirth, parental
physical illnesses at childbirth, and any parental psychiatric diagnoses at childbirth (ICD-10: F00–99). Reference value (HR, 1.00) is children with no maternal/paternal infection treated with anti-
infective agents/requiring hospital contacts during the specified time period.

ap , .001 (significance level after correction for multiple comparisons).
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Figure 1. (A) Risk of any mental disorder in the
child depending on the number of parental infections
treated with anti-infective agents during pregnancy.
(B) Risk of any mental disorder in the child
depending on the number of parental infections
treated with anti-infective agents before, during, or
after pregnancy.
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infections increased the risk of mental disorders more than
paternal infections treated with anti-infective agents did.

Animal studies have suggested that the maternal immune
response rather than specific infections drives the associations
between maternal infections and increased risk of mental
disorders in the offspring (16). However, our findings as well as
those of others (11,13) suggest that the associations between
parental infections and higher risks of mental disorders in the
offspring not only are due to a possible effect of the infections,
inflammation, or pregnancy complications as a result of in-
fections, but also could partly be explained by shared genetic
susceptibility to infections and mental disorders owing to the
similar risk estimates after infections during and outside the
pregnancy period. This is supported by findings from genetic
studies with schizophrenia-associated genetic loci within areas
coding for immune-related tissues (45), indicating immune
dysregulation in schizophrenia (46). Still, prior studies have
shown that the association between infections and schizo-
phrenia does not seem to be affected by the common genes
associated with schizophrenia (47). Nonetheless, shared genes
with the susceptibility for acquiring infections not captured by
the polygenic risk score for schizophrenia could still influence
the association. However, it could also be an epiphenomenon
Biological Psyc
due to reduced immunity of the parents with poor living con-
ditions, psychological stress (48–50), lifestyle factors, medical-
seeking behavior, or referral bias in which general practitioners
may preferentially refer dysfunctional individuals to hospital
treatment for serious infections. Nevertheless, shared familial
confounding has been shown unlikely to explain the associa-
tion between childhood infection and adult nonaffective psy-
chosis (51). Moreover, all analyses were adjusted for parental
level of education, parental psychiatric diagnoses, and chronic
somatic diseases, capturing many important socioeconomic
factors. Furthermore, our investigation did not look into spe-
cific infections that, during specific vulnerable periods, could
potentially influence the fetal neurodevelopment. Last, recent
animal studies have found associations between intake of anti-
infective medication during pregnancy that could the maternal
gut microbiome, and less exploratory behavior (34), reduced
social interactions (35,36), and increased aggression in the
offspring (36). This suggests that the mere intake of anti-
infective medication could disturb the developing nervous
system of the offspring, regardless of the presence of an
infection, by altering the gut microbiota and influencing the
gut-brain axis—a topic of great interest during recent years
(52,53).
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Strengths and Limitations

This study is a nationwide register-based cohort study with the
advantages of complete follow-up and is not subject to recall
bias. We had a large cohort yielding statistical power to
investigate infections in specific vulnerable time periods, such
as on a trimester basis. Furthermore, we were able to adjust for
important confounders. The information on infections and
mental disorders has high validity (38,40,41,54). All infections
treated in the primary care sector as well as hospital contacts
for infections were included. However, untreated infections
could not be included. Hence, we cannot exclude the conse-
quences of untreated infections, as most viruses such as
influenza are only rarely treated with anti-infective medications.
Furthermore, we were not able to separate the treatment from
the infection itself, so it is possible that the risk of mental
disorders is associated with the medication rather than the
infection. However, we found similarly increased risks before,
during, and after pregnancy, indicating that the use of anti-
infective agents during pregnancy is as safe as the use
outside the pregnancy period with regard to the future mental
health of the child. Last, our cohort was fairly young, so the
mental disorders were mainly within the spectrum of childhood
and adolescent mental disorders, as the children were followed
to a maximum age of 20 years. Hence, the estimates for the
development of, for example, schizophrenia were based on a
small subpopulation with early onset compared with the gen-
eral population of individuals with schizophrenia and should
therefore be interpreted with caution.

Conclusions and Perspectives

We found similarly increased risks of mental disorders in the
offspring after exposure to maternal infections before, during,
and after pregnancy—indicating that the pregnancy period
was not a period of particular risk. The risk of mental disorders
was generally higher for maternal infections and for infections
resulting in hospital contact. For the pregnancy trimesters,
increased risks were observed only during the second and
third trimesters for infections treated with anti-infective agents
and only in the third trimester for maternal infections requiring
hospital contacts. Future studies need to investigate specific
immune components during pregnancy together with shared
genetic factors between infections and mental disorders.
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