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Abstract

Background: Vaccination has been proposed as a potential risk factor for autism

spectrum disorder (ASD), contributing to public hesitancy and mistrust toward im-

munization. Influenza vaccination during pregnancy is considered safe and effective

in preventing serious maternal complications and adverse birth outcomes associated

with influenza infection. However, limited research exists regarding the long‐term

impact of maternal influenza vaccination on offspring neurodevelopment.

Methods: We conducted a retrospective cohort study of all singleton‐live births

among members of Clalit Health Services (CHS), Israel's largest healthcare provider,

between January 2016 and December 2020, with follow‐up through May 2024.

Offspring with developmental disorders of known genetic etiology were excluded.

Maternal influenza vaccination during pregnancy (exposure) and offspring ASD

diagnosis (outcome) were identified via CHS electronic medical records. The asso-

ciation between exposure and outcome was assessed using Cox proportional haz-

ards models, adjusting for sociodemographic, maternal, and gestational covariates.

Results: Of 153,321 children included in the analysis, 39,361 (25.7%) were exposed

to maternal influenza vaccination during pregnancy. The cumulative incidence of

ASD was 3.6% for offspring of vaccinated mothers and 2.9% for offspring of un-

vaccinated mothers resulting in a modestly increased hazard ratio (HR) of ASD

associated with influenza vaccination during pregnancy (HR = 1.22, 95% CI:

1.14–1.31). However, this association was no longer evident after adjustment for

sociodemographic and clinical covariates (aHR = 0.97, 95% CI: 0.91–1.05).

Conclusion: Maternal influenza vaccination during pregnancy was not associated

with an increased risk of ASD in offspring. These results provide valuable confir-

mation of similar findings from earlier studies, thus further support the long‐term

safety of maternal influenza vaccination as a preventive healthcare measure.
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INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental condition

characterized by persistent challenges in social communication and

repetitive behaviors. The prevalence of ASD has risen consistently

over recent decades and is now estimated at 2.2% globally, with a

male:female ratio of approximately 4:1 (Hirota & King, 2023). This

increase in ASD prevalence has been mostly attributed to increased

awareness and changes in diagnostic criteria (Russell et al., 2022;

Zeidan et al., 2022). However, some environmental exposures such as

preterm birth (Persson et al., 2020), and advanced parental ages have

also been reported as potential contributors (Reichenberg

et al., 2006; Sandin et al., 2012). In addition, maternal infections

during pregnancy, especially viral infections and infections requiring

hospitalization, have been suggested as another possible risk factor

for ASD (Rasmussen et al., 2008; Rasmussen et al., 2012; Shuid

et al., 2021; Wiggins et al., 2021).

The influenza virus is associated with increased mortality and

morbidity in high‐risk populations, such as older adults, individuals

with obesity or type 2 diabetes, immunocompromised individuals,

and pregnant women (Wiggins et al., 2021). Influenza infection during

pregnancy poses considerable risks to both mother and fetus. Spe-

cifically, influenza infection in pregnant women may cause respira-

tory distress and other severe influenza‐related complications that

may lead to hospitalization and, for high‐risk pregnant women, even

to admission to intensive care units (Meijer et al., 2015; Rasmussen

et al., 2008, 2012). The risks to newborns of affected mothers include

intrauterine growth restriction (IUGR) and congenital malformations

(Oseghale et al., 2022).

Vaccination for influenza viruses has been available for more

than 80 years (Barberis et al., 2016). The inactivated influenza

vaccine has been demonstrated to be safe and effective in all tri-

mesters of pregnancy, with no evidence of increased maternal or

fetal risk (Tamma et al., 2009). Consequently, the World Health

Organization (WHO) recommends influenza vaccination for preg-

nant women as a priority group (“Vaccines against influenza WHO

position paper – November 2012.,” 2012). Nevertheless, public

concerns remain regarding the potential neurodevelopmental out-

comes, particularly ASD, of this vaccination. To date, only a few

large cohort studies have investigated the association between

influenza vaccination during pregnancy and a subsequent diagnosis

of ASD in the offspring resulting in mixed results: (hazard ratio

[HR] = 1.04, 95% CI 0.95–1.13) (Becerra‐Culqui et al., 2022);

(HR = 0.95, 95% CI 0.81–1.12) (Ludvigsson et al., 2020); and

(HR = 1.20, 95% CI 1.04–1.39) (Zerbo et al., 2017) (Table S1). Other

studies reported no significant associations between maternal

influenza vaccination and adverse infant neurodevelopmental out-

comes, although these studies did not specifically evaluate ASD risk

(Avalos et al., 2020; Foo et al., 2023). Given the limited and mixed

information about the long‐term neurodevelopmental implications

of gestational influenza vaccination, further research into this

important area is warranted.

METHODS

Study setting and population

We conducted a retrospective cohort study of all singleton live births

between January 2016 and December 2020 in a population

belonging to Clalit Health Services (CHS), Israel's largest healthcare

provider, serving over half of the country's population. The study

cohort drawn from mothers and neonates who were members of

CHS at the time of birth included singleton births at a gestational age

of at least 24 weeks that occurred in CHS‐affiliated hospitals. We

excluded children with known genetic syndromes associated with

ASD, such as Down syndrome, Fragile X syndrome, Prader‐Willi

syndrome, Williams syndrome, tuberous sclerosis, and Turner syn-

drome. A flow diagram of the study cohort ascertainment is pre-

sented in Figure 1. All children in the study were followed until May

2024 or until an ASD diagnosis was determined, ensuring that all

children had a potential follow‐up time of at least 3.5 years.

Study variables

All data for this study were obtained from CHS electronic database

via the MDclone system and subsequently analyzed in the virtual

desktop infrastructure (VDI) environment of CHS. The exposure

variable was defined as maternal influenza vaccination during

Key Points

What's known?

� Public concerns regarding a potential link between

autism spectrum disorder (ASD) and maternal vaccina-

tion during pregnancy contribute to vaccine hesitancy,

despite inconclusive evidence.

What's new?

� In this large cohort study comprising over 150,000

births, we show that maternal influenza vaccination

during pregnancy is not associated with risk of off-

spring's ASD. The study extends the limited literature on

this important subject by providing long‐term follow‐up

time and robust adjustment for sociodemographic and

clinical variables in an ethnically diverse population.

What's relevant?

� These findings support the long‐term neuro-

developmental safety of maternal influenza vaccination

that can reduce vaccine hesitancy among pregnant

women. Furthermore, they provide important reassur-

ance for clinicians and policy makers on recommendation

of influenza vaccination during pregnancy.
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pregnancy, documented as the administration of at least one dose of

influenza vaccine between the date of conception and the date of

birth. The vaccine was the seasonal inactivated influenza vaccine,

administered as part of the routine annual vaccination program in

Israel, containing purified antigens without live virus, and considered

safe and effective during all trimesters of pregnancy. The outcome

variable was defined as a diagnosis of ASD (ICD‐9 code 299.0,

autistic disorder) as recorded in the CHS database. In Israel, ASD

diagnosis requires both medical and psychological assessments.

Because documentation of an ASD diagnosis, according to DSM‐5
criteria (American Psychiatric Association, 2013) is a prerequisite

for state‐funded benefits, including ASD‐related health services, it is

assumed that most children members of CHS with a formal diagnosis

of ASD are documented as such in the CHS database. Additional

covariates were extracted from CHS medical records to account for

factors potentially influencing the association between maternal

vaccination and ASD. These variables were selected based on their

association with both the exposure and outcome variables, as re-

ported in the literature (Table S2). Maternal medical history data

were obtained from CHS electronic databases. Diagnoses were

recorded by physicians or nurses during routine medical visits, rather

than self‐reported by the participants. Therefore, the information is

considered reliable and based on clinical documentation.

Maternal age at delivery was categorized into four groups: under

25, 25–34, 35–39, and ≥40, reflecting distinct maternal and obstetric

risk profiles across these age ranges. Maternal body mass index (BMI)

before pregnancy was classified according to medical guidelines into

underweight (<18.5 kg/m2), normal weight (18.5–24.9 kg/m2), over-

weight (25–29.9 kg/m2), and obese (≥30 kg/m2). Gravidity was

divided into three categories: 1, 2–4, and ≥5, reflecting the clinical

importance of first and high‐parity pregnancies. Smoking status was

classified as either smoker or non‐smoker, based on information

collected from medical documents. This information is based on a

short routine questionnaire completed during clinic visits, not specific

to this study. Data coverage is high, although some underreporting

may exist due to self‐reporting. While this data provided valuable

insights into smoking behaviors, it did not necessarily reflect smoking

habits specifically during pregnancy. Ethnicity was grouped into three

categories: Jews, Arabs, and others. The district of residence was

categorized as South, North, or Center, with Jerusalem being

included in the central district. Regarding maternal medical history,

inflammatory bowel disease, asthma, and diabetes mellitus were

recorded as either “yes” or “no.”

Pregnancy‐related variables were also analyzed, including

gestational diabetes, oligohydramnios, polyhydramnios, the use of

antibiotics during pregnancy, a history of preterm labor, and docu-

mented cases of decreased fetal movements. Delivery type was

classified into vaginal delivery, assisted vaginal delivery, or Cesarean

section. Vaginal delivery included both normal deliveries and breech

deliveries, while assisted vaginal delivery included the use of forceps

or vacuum. Gestational age at birth was classified as preterm

(<37 weeks) or term (≥37 weeks). Birth weight was included as a

continuous variable, with mean (SD), median, minimum, and

maximum values being recorded.

Statistical analysis

Relevant confounders for the main analysis were selected based on

their association with both the exposure and outcome variables. The

F I GUR E 1 Flow diagram of the study cohort ascertainment and vaccinated (exposed) groups.
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statistical significance of such associations was determined via uni-

variate analyses, such as Chi‐square test for the association between

the exposure/outcome and other categorical variables and t‐test or

Wilcoxon's rank‐sum test for the association with continuous or

ordinal variables, respectively. Kaplan‐Meier survival curves were

used to assess the cumulative incidence of ASD in the offspring of

mothers vaccinated against influenza during pregnancy or not

vaccinated—the exposed and unexposed groups, respectively. Cox

proportional hazards regression models were employed to estimate

the HR of ASD in the offspring associated with gestational influenza

vaccination, while adjusting for the selected covariates. Censoring of

participants in the Kaplan‐Meier and Cox analyses was due to a

child's death or loss to follow‐up (e.g., disenrollment from CHS). All

analyses were conducted using R (version 4.2.3).

RESULTS

Of the 154,600 liveborn singleton births to mothers belonging to

CHS, 153,321 met the inclusion and exclusion criteria for the study

cohort (Figure 1). Of these births, 39,361 (25.7%) were to mothers

who had received influenza vaccination during pregnancy (exposed

group), and 113,960 (74.3%) were to unvaccinated mothers (unex-

posed group). Among the exposed group, 10,489 (26.6%) mothers

had been vaccinated during the first trimester, 15,260 (38.8%), dur-

ing the second trimester and 13,612 (34.6%), during the third

trimester (Figure 1). The median follow‐up time of the study cohort

was 5.9 years.

Table 1 presents the sociodemographic, maternal and gestational

characteristics for the study cohort. Most mothers in the study were

Jewish (62.3%), living in either the center (43.3%) or the south

(40.4%) of the country. There were significant differences between

the exposed and unexposed groups in terms of sociodemographic and

maternal characteristics. Specifically, for the exposed group, there

was a higher percentage of Jewish mothers living in the center of the

country, whereas the non‐exposed group included a higher propor-

tion of Arab mothers living in southern Israel (74.9% Jewish and

22.8% Arab making up the exposed group vs. 57.9% Jewish and

39.3% Arab for the unexposed group, respectively, and 54.0% Center

and 26.1% South in the exposed group vs. 39.5% and 45.3% for the

unexposed group). In addition, mothers in the exposed group were

slightly older than those in the unexposed group, with a higher pro-

portion of women aged ≥25 years (87.0% vs. 79.6%) and a higher

proportion of smokers (11.3% vs. 9.0%). In terms of pregnancy‐
related variables, gestational comorbidities, such as gestational dia-

betes (8.4% vs. 6.6%) and oligohydramnios (3.3% vs. 2.8%), were

more prevalent in the exposed group. Additionally, asthma (25% vs.

22.8%) and diabetes mellitus (3.3% vs. 2.0%) were slightly more

prevalent in the exposed group.

We also compared maternal characteristics for children with and

without ASD (Table 2) to identify characteristics associated with both

the exposure and outcome variables, thus highlighting them as po-

tential confounders. Here, too, large differences between the groups

were seen in the ethnicity and district of residence of participants, in

that the subgroup of Jewish mothers from central Israel had the

highest proportion of ASD children compared to all other subgroups

(82.3% vs. 61.8% for Jewish ethnicity and 57.6% vs. 42.9% for Center

district). Other notable differences between mothers of ASD and

non‐ASD children were evident in the proportion of smokers (16.2%

vs., 9.4%), maternal age (87.8% vs. 81.3% of mothers ≥25 years),

Cesarean deliveries (25.4% vs. 16.4%), and rates of gestational dia-

betes (12% vs. 6.9%).

Kaplan‐Meier plots of the cumulative incidence of an ASD

diagnosis for the offspring of mothers who received an influenza

vaccination during pregnancy compared to those who did not are

presented in Figure 2. The cumulative incidence of ASD was signifi-

cantly higher for infants born to mothers who received an influenza

vaccination during pregnancy compared to unvaccinated mothers

(0.036, 95%CI = 0.034–0.039 vs. 0.029, 95%CI = 0.028–0.030,

Figure 2A), with the highest cumulative incidence being found for the

offspring of mothers vaccinated during the first trimester of preg-

nancy, followed by the third and second trimesters (Figure 2B).

Cox regression analysis was conducted to explore the indepen-

dent association between maternal influenza vaccination during

gestation and a subsequent ASD diagnosis in the offspring (Table 3).

Three regression models were built, starting with a univariate anal-

ysis that included only the exposure variable (null model); socio-

demographic (Model I) and gestational (Model II) variables were then

added aggregately to the regression analysis. In the univariate anal-

ysis, maternal influenza vaccination was significantly associated with

a 1.22 increased risk of ASD in the offspring compared to no vacci-

nation (HR = 1.22, 95%CI = 1.14–1.31), irrespective of the pregnancy

trimester of vaccination (Table 3). However, adding sociodemo-

graphic and gestational variables to the regression model rendered

the HR for the association of ASD with maternal influenza vaccina-

tion during gestation not significant for the entire pregnancy period

(aHR = 0.97, 95% CI = 0.91–1.05) and for each of pregnancy

trimester of exposure (aHR = 1.02, 95% CI = 0.91–1.15, aHR = 0.92,

95% CI = 0.83–1.03, and aHR = 0.99, 95% CI = 0.89–1.12 for the 1st,

2nd and 3rd trimesters respectively) suggesting that the observed

association in the null model was due to confounding by the socio-

demographic and gestational differences between the exposed and

unexposed groups. Further, we performed a sensitivity analysis, by

repeating these regression models while excluding all pregnancies

occurring during 2020 (January 1st–December 31st) when Covid‐19

occurred and could affect both pregnancy vaccination and ASD

incidence (Table S3). The results of these models are similar to those

of the full cohort, suggesting that the Covid‐19 pandemic had no or

minimal effect on the results of this study.

Finally, we further examined the influence of maternal ethnicity

and place of residence on our findings by applying the fully adjusted

regression model to Bedouin Arabs living in Southern Israel and the

other women in the study. These groups were characterized by

maternal ethnicity and place of residence, two variables demon-

strating remarkable differences in both maternal vaccination and

ASD diagnosis rates (Tables 1 and 2). No significant association be-

tween maternal vaccination and ASD risk was seen in any of these

subgroups (Table S4), suggesting no mediation effect of these soci-

odemographic variables on the association between maternal vacci-

nation and ASD risk.
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TAB L E 1 Maternal and gestational characteristics of the study cohort.

Characteristics

Total

N = 153,321
Unexposed group

N = 113,960
Exposed group

N = 39,361 p‐value

Sociodemographic

Ethnicity

Jewish 95,492 (62.3%) 66,029 (57.9%) 29,463 (74.9%) <0.001

Arab 53,766 (35.1%) 44,796 (39.3%) 8970 (22.8%)

Other 4063 (2.6%) 3135 (2.8%) 928 (2.4%)

District of residence

Center 66,313 (43.3%) 45,063 (39.5%) 21,250 (54.0%) <0.001

South 61,908 (40.4%) 51,624 (45.3%) 10,284 (26.1%)

North 25,090 (16.4%) 17,263 (15.1%) 7827 (19.9%)

Missing 10 (<0.1%) 10 (<0.1%) 0 (0.0%)

Maternal and gestational

Maternal age at delivery, y

<25 26,978 (17.6%) 22,162 (20.4%) 4816 (12.9%) <0.001

25–34 87,368 (57.0%) 63,995 (58.8%) 23,373 (62.8%)

35–39 25,138 (16.4%) 17,999 (16.6%) 7139 (19.2%)

≥40 6472 (2.5%) 4597 (4.2%) 1875 (5.0%)

Maternal BMI, kg/m2

<18.5 8252 (5.4%) 6288 (5.5%) 1964 (5.0%) <0.001

18.5–24.9 24,465 (16.0%) 18,272 (16.0%) 6193 (15.7%)

25.0–29.9 79,744 (52.0%) 58,816 (51.6%) 20,928 (53.2%)

≥30 38,937 (25.4%) 29,221 (26.9%) 9716 (26.1%)

Gravidity

1 34,875 (22.7%) 24,015 (21.1%) 10,860 (27.6%) <0.001

2–4 87,668 (57.2%) 64,567 (56.7%) 23,101 (58.7%)

5þ 30,778 (20.1%) 25,378 (22.3%) 5400 (13.7%)

Smoking status

No 136,830 (89.2%) 102,351 (89.8%) 34,479 (87.6%) <0.001

Yes 14,672 (9.6%) 10,226 (9.0%) 4446 (11.3%)

Missing 1819 (1.2%) 1383 (1.2%) 436 (1.1%)

Inflammatory bowel disease

No 151,596 (98.9%) 112,811 (99.0%) 38,785 (98.5%) <0.001

Yes 1724 (1.1%) 1148 (1.0%) 576 (1.5%)

Asthma

No 117,512 (76.6%) 87,997 (77.2%) 29,515 (75.0%) <0.001

Yes 35,809 (23.4%) 25,963 (22.8%) 9846 (25.0%)

Diabetes mellitus

No 149,689 (97.6%) 111,633 (98.0%) 38,056 (96.7%) <0.001

Yes 40,383 (26.3%) 2327 (2.0%) 1305 (3.3%)

Gestational diabetes

No 142,496 (92.9%) 106,456 (93.4%) 36,040 (91.6%) <0.001

Yes 10,825 (7.1%) 7504 (6.6%) 3321 (8.4%)

(Continues)
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DISCUSSION

This study is among the largest and most comprehensive studies to

investigate the association of influenza vaccination during pregnancy

with the risk of ASD in the offspring. Our regression analyses showed

that in crude model, influenza vaccination, particularly in first

trimester was associated with slightly increased ASD risk. However,

this association disappeared after adjustment and showed that

influenza vaccination during pregnancy, regardless of the trimester in

which the vaccination was administered, is not associated with ASD

risk in the offspring. These findings largely align with the results re-

ported in two other large cohort studies, one conducted in the U.S.

(Zerbo et al., 2017) and the other in Sweden (Ludvigsson et al., 2020)

The consistency of the results across these three large cohort studies

involving different populations, with different sociodemographic and

clinical characteristics, further reinforces the lack of effect of influ-

enza vaccination during pregnancy on the risk of ASD in the

offspring.

The finding of a higher ASD incidence in the offspring of vaccinated

mothers compared to those of unvaccinated mothers can probably be

attributed to confounding by sociodemographic and clinical character-

istics, as suggested by our regression analyses. This confounding effect is

likely due to the substantially lower proportion in the exposed group of

Bedouin Arab women living in southern Israel. In Israel, the Bedouin

subpopulation is known to differ from the general population in terms of

socioeconomic status, health behaviors, and healthcare utilization

(including adherence to vaccination) (Abu‐Freha et al., 2022; Sarid

et al., 2019). For this subpopulation, there is also a lower rate of ASD

diagnosis than in the general Israeli population (Kerub et al., 2021;

Levaot et al., 2018). Indeed, applying our regression analysis separately

to Bedouin women and to other women in our study (Table S4) showed

that in both groups, maternal influenza vaccination was not significantly

associated with ASD risk in the offspring, despite the substantial dif-

ferences between the groups both in rates of maternal influenza vacci-

nation and in ASD prevalence in the offspring. These results further

support the confounding effect of this ethnic difference in our study.

T A B L E 1 (Continued)

Characteristics
Total
N = 153,321

Unexposed group
N = 113,960

Exposed group
N = 39,361 p‐value

Oligohydramnios

No 148,873 (97.1%) 110,809 (97.2%) 38,064 (96.7%) <0.001

Yes 4448 (2.9%) 3151 (2.8%) 1297 (3.3%)

Polyhydramnios

No 141,699 (92.4%) 112,763 (98.9%) 28,936 (98.9%) 0.644

Yes 1622 (1.1%) 1197 (1.1%) 425 (1.1%)

Antibiotic treatment during pregnancy

No 98,487 (64.2%) 73,726 (64.7%) 24,761 (62.9%) <0.001

Yes 54,834 (35.8%) 40,234 (35.3%) 14,600 (37.1%)

Pregnancy with history of pre‐term labor

No 139,550 (95.6%) 103,609 (95.3%) 35,941 (96.6%) <0.001

Yes 6406 (4.4%) 5144 (4.7%) 1262 (3.4%)

Decreased fetal movements

No 150,506 (98.2%) 112,030 (98.3%) 38,476 (97.8%) <0.001

Yes 2815 (1.8%) 1930 (1.7%) 885 (2.2%)

Delivery type

Vaginal birth 121,728 (79.4%) 91,117 (80.0%) 30,611 (77.8%) <0.001

Assisted vaginal delivery 6083 (4%) 4360 (3.8%) 1723 (4.4%)

Cesarean section 24,540 (16%) 17,513 (16.2%) 7027 (17.9%)

Infant

Gestational age at birth, wks

Preterm <37 7003 (4.6%) 5331 (4.7%) 1672 (4.2%) <0.001

Term ≥37 146,318 (95.4%) 108,629 (95.3%) 37,689 (95.8%)

Gender

Female 74,670 (48.7%) 55,573 (48.8%) 19,097 (48.5%) 0.4

Male 78,651 (51.3%) 58,387 (51.2%) 20,264 (51.5%)

Birth weight, g

Mean (SD) 3243 (459) 3240 (461) 3260 (451) <0.001
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TAB L E 2 Maternal and gestational characteristics of mothers of ASD and non‐ASD children.

Characteristics

No ASD group

N = 149,645
ASD group

N = 3676 p‐value

Sociodemographic

Ethnicity

Jewish 92,465 (61.8%) 3027 (82.3%) <0.001

Arab 53,199 (35.6%) 567 (15.4%)

Other 3981 (2.7%) 82 (2.2%)

District of residence

Center 64,196 (42.9%) 2117 (57.6%) <0.001

South 60,918 (40.7%) 990 (26.9%)

North 24,522 (16.4%) 568 (15.5%)

Missing 9 (0.0%) 1 (0.0%)

Maternal and gestational

Maternal age at delivery, y

<25 26,547 (18.6%) 431 (12.3%) <0.001

25–34 85,335 (59.9%) 2033 (58.0%)

35–39 24,351 (17.1%) 787 (22.5%)

>40 6218 (4.4%) 254 (7.2%)

Maternal BMI, kg/m2

<18.5 8028 (5.4%) 224 (6.1%) <0.001

18.5–24.9 23,661 (15.8%) 804 (21.9%)

25.0–29.9 78,062 (52.2%) 1682 (45.8%)

≥30 39,894 (26.7%) 966 (26.3%)

Gravidity

1 44,750 (22.6%) 1125 (30.6%) <0.001

2–4 85,627 (57.2%) 2041 (55.5%)

5þ 30,268 (20.2%) 510 (13.9%)

Smoking status

No 133,800 (89.4%) 3030 (82.4%) <0.001

Yes 14,076 (9.4%) 596 (16.2%)

Missing 1769 (1.2%) 50 (1.4%)

Inflammatory bowel disease

No 147,971 (98.9%) 3625 (98.6%) 0.148

Yes 1674 (1.1%) 51 (1.4%)

Asthma

No 114,827 (76.7%) 2685 (73.0%) <0.001

Yes 34,818 (23.3%) 992 (27.0%)

Diabetes mellitus

No 146,168 (97.7%) 3521 (95.8%) <0.001

Yes 3477 (2.3%) 155 (4.2%)

Gestational diabetes

No 139,262 (93.1%) 3234 (88.0%) <0.001

Yes 10,383 (6.9%) 442 (12.0%)

(Continues)
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Our trimester‐specific analysis revealed minor, non‐significant

differences in ASD risk associated with maternal influenza vaccina-

tion at different stages of pregnancy, with the highest risk observed

in those vaccinated during the first trimester, followed by the third

and second trimesters. These findings are consistent with those

observed in the U.S. study (Zerbo et al., 2017), which also reported a

higher ASD risk among offspring of mothers vaccinated during the

first trimester of pregnancy. Nevertheless, unlike our study, the as-

sociation of ASD with first‐trimester vaccination in the U.S. study

remained statistically significant even after adjustment for potential

confounders (Zerbo et al., 2017). The higher rate of ASD in offspring

of mothers vaccinated against influenza during the first trimester

compared to those vaccinated later in pregnancy in both studies may

stem from the unique characteristics and health behaviors of women

who favor being vaccinated early in pregnancy. These women may

have greater health awareness and better access to medical care, two

factors that could also increase the likelihood of an ASD diagnosis in

their children (Mandell et al., 2005; Yu et al., 2024). At the same time,

because the first trimester represents the most critical period of fetal

organ development, a small biological effect of vaccination during this

window cannot be entirely ruled out.

Strengths and limitations

This study features several significant strengths. In particular, the large

sample size and extended follow‐up period provided substantial sta-

tistical power and allowed for the accurate capture of ASD diagnoses

over time. The median follow‐up period of 5.9 years ensured a robust

timeframe for analyzing long‐term outcomes, further enhancing the

reliability of the conclusions. Additionally, the study included an anal-

ysis of stratification by trimester of exposure, enabling a nuanced un-

derstanding of the potential impact of the timing of maternal influenza

vaccination on ASD risk. Moreover, the study actively sought to

neutralize the influence of known genetic syndromes by excluding such

cases from the analysis. These methodological strengths ensure that

the findings contribute meaningful insights to the ongoing discourse on

maternal vaccination and its implications for offspring health.

T A B L E 2 (Continued)

Characteristics
No ASD group
N = 149,645

ASD group
N = 3676 p‐value

Oligohydramnios

No 145,356 (97.1%) 3517 (95.7%) <0.001

Yes 4289 (2.9%) 159 (4.3%)

Antibiotic treatment during pregnancy

No 96,173 (64.3%) 2314 (62.9%) 0.103

Yes 53,472 (35.7%) 1362 (37.1%)

Pregnancy with history of pre‐term labor

No 143,027 (95.6%) 3558 (96.8%) <0.001

Yes 6618 (4.4%) 118 (3.2%)

Decreased fetal movements

No 146,931 (98.2%) 3575 (97.3%) <0.001

Yes 2714 (1.8%) 101 (2.7%)

Delivery type

Vaginal birth 119,200 (79.7%) 2528 (68.8%) <0.001

Assisted vaginal delivery 5869 (3.9%) 214 (5.8%)

Cesarean section 24,576 (16.4%) 934 (25.4%)

Infant

Gestational age at birth, wks

Preterm <37 6780 (4.5%) 223 (6.1%) <0.001

Term ≥37 142,865 (95.5%) 3453 (93.9%)

Gender

Female 73,866 (49.4%) 804 (21.9%) <0.001

Male 75,779 (50.6%) 2872 (78.1%)

Birth weight, g

Mean (SD) 3240 (458) 3220 (498) 0.063

Median [min, max] 3250 [550, 5850] 3240 [930, 5520]
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Importantly, this study also has some limitations that should be

considered when interpreting results. First, the data utilized in the

study was derived from a single healthcare organization (CHS), which

may limit the generalizability of the findings to other populations in

Israel. However, CHS is the largest healthcare provider in the

country, serving over 50% of the population, thereby making the

sample highly representative. In addition, despite extensive efforts to

adjust for relevant confounders, residual confounding from unmea-

sured factors cannot be entirely ruled out, as the etiology of ASD

involves a multifactorial interplay of genetic, environmental, and

prenatal influences. Unmeasured factors such as maternal psychiatric

history, prenatal stress, or healthcare‐seeking behavior could still

influence both vaccination likelihood and ASD diagnosis, leading to

residual confounding. Despite familial or genetic risk factors being

important contributors to ASD, this information was not available in

the CHS database, limiting our ability to account for their potential

effect on our results. Nonetheless, children with co‐existing genetic

syndromes relevant to ASD (Fragile X, Down syndrome) were

excluded to help reduce potential confounding. In addition, parental

education and household income were also not available in the CHS

dataset. Nonetheless, designation of ethnicity may serve as an

appropriate proxy for such socio‐economic status in this region

F I GUR E 2 Kaplan‐Meier survival plots of the cumulative incidence of ASD in relation to influenza vaccine exposure during pregnancy.
(A) Comparison of the cumulative incidence of ASD between mothers exposed (gray line) and unexposed (black line) to influenza vaccine

during pregnancy. (B) Comparison of the cumulative incidence of ASD in the exposed group, stratified by pregnancy trimester exposure (blue,
green, and orange lines representing the first, second, and third trimesters respectively), and the unexposed group (black line). Shaded areas
denote the 95% confidence intervals for each exposure subgroup. ASD, autism spectrum disorder.
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(Israeli Employment Services, 2020; The Knesset Research and In-

formation Center, 2020). Finally, another possible limitation may be

the lack of prospective diagnosis of ASD in the study. However, ASD

diagnoses in Israel are typically determined by specialized clinicians

(developmental pediatricians, neurologists, or psychiatrists) following

DSM‐5 criteria, with completion of formal diagnostic assessments

allowing for high specificity of ascertainment within the CHS data-

base (Dinstein et al., 2020). Finally, data on confirmed influenza

infection in our cohort were not available, as testing for influenza

infection (home or clinic‐based) is uncommon and not systematically

recorded in CHS medical records.

CONCLUSION

These findings suggest that maternal influenza vaccination during

pregnancy is not associated with the risk of ASD diagnosis in the

offspring, regardless of the timing of vaccination. Thus, it addresses

public concerns regarding the long‐term safety of maternal influenza

vaccination and provides reassurance for public health policies pro-

moting influenza vaccination during pregnancy.
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