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Background: Although the association of the measles, mumps, and rubella vaccine 
with autism spectrum disorder has been convincingly disproven, the onset of certain 
brain-related autoimmune and inflammatory disorders has been found to be temporally 
associated with the antecedent administration of various vaccines. This study examines 
whether antecedent vaccinations are associated with increased incidence of obsessive–
compulsive disorder (OCD), anorexia nervosa (AN), anxiety disorder, chronic tic disorder, 
attention deficit hyperactivity disorder, major depressive disorder, and bipolar disorder in 
a national sample of privately insured children.

Methods: Using claims data, we compared the prior year’s occurrence of vaccinations 
in children and adolescents aged 6–15 years with the above neuropsychiatric disorders 
that were newly diagnosed between January 2002 and December 2007, as well as two 
control conditions, broken bones and open wounds. Subjects were matched with con-
trols according to age, gender, geographical area, and seasonality. Conditional logistic 
regression models were used to determine the association of prior vaccinations with 
each condition.

results: Subjects with newly diagnosed AN were more likely than controls to have 
had any vaccination in the previous 3 months [hazard ratio (HR) 1.80, 95% confidence 
interval 1.21–2.68]. Influenza vaccinations during the prior 3, 6, and 12 months were also 
associated with incident diagnoses of AN, OCD, and an anxiety disorder. Several other 
associations were also significant with HRs greater than 1.40 (hepatitis A with OCD and 
AN; hepatitis B with AN; and meningitis with AN and chronic tic disorder).

conclusion: This pilot epidemiologic analysis implies that the onset of some neuro-
psychiatric disorders may be temporally related to prior vaccinations in a subset of 
individuals. These findings warrant further investigation, but do not prove a causal role 
of antecedent infections or vaccinations in the pathoetiology of these conditions. Given 
the modest magnitude of these findings in contrast to the clear public health benefits of 
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inTrODUcTiOn

There is a considerable body of scientific evidence indicating 
that the immune system plays a key role in normal brain devel-
opment and in the pathobiology of several neuropsychiatric 
disorders (1). These include obsessive–compulsive disorder 
(OCD) (2, 3), anorexia nervosa (AN) (4), tic disorders (5), 
attention deficit hyperactivity disorder (ADHD) (6), major 
depressive disorder (7), and bipolar disorder (8). The precise 
role immune mechanisms play in these disorders remains to 
be determined.

In light of the role of the immune system in these central 
nervous system (CNS) conditions, the impact of vaccines 
on childhood-onset neuropsychiatric diseases had been 
considered and was mainly addressed with regards to the 
administration of the measles, mumps, and rubella (MMR) 
vaccine (and its various components) and the subsequent 
development of autism spectrum disorder (ASD). Although 
the controversy over MMR vaccination and ASD still exists 
for some members of the public, this association has been 
convincingly disproven (9, 10). On the other hand, the onset of 
a limited number of autoimmune and inflammatory disorders 
affecting the CNS has been found to be temporally associated 
with the antecedent administration of various vaccines (11). 
These disorders include idiopathic thrombocytopenic purpura, 
acute disseminated encephalomyelitis, and Guillain–Barré 
syndrome among others (12–16). More recently, data have 
emerged indicating an association between the administration 
of the H1N1 influenza vaccine containing the AS03 adjuvant 
and the subsequent new onset of narcolepsy in several northern 
European countries (17, 18). The immune mechanisms and host 
factors underlying these associations have not been identified 
or fully characterized, although preliminary data are beginning 
to emerge (18–23).

Given this growing body of evidence of immunological 
involvement in CNS conditions, and despite the controversy 
concerning the link between ASD and MMR and the clear public 
health importance of vaccinations, we hypothesized that some 
vaccines could have an impact in a subset of susceptible individu-
als and aimed to investigate whether there is a temporal associa-
tion between the antecedent administration of vaccines and the 
onset of several neuropsychiatric disorders, including OCD, AN, 
tic disorder, anxiety disorder, ADHD, major depressive disorder, 
and bipolar disorder using a case–control population-based pedi-
atric sample (children aged 6–15 years). To assess the specificity 
of any statistical associations, we also determined whether or 
not there were any temporal associations between antecedent 
vaccine administration and the occurrence of broken bones or 
open wounds.

MaTerials anD MeThODs

Data were obtained from the MarketScan® Commercial Claims 
and Encounters database, which is constructed and maintained 
by Truven Health Analytics. Data from 2002 to 2007 were used 
for the study. MarketScan consists of de-identified reimbursed 
health-care claims for employees, retirees, and their dependents 
of over 250 medium and large employers and health plans. 
Hence, individuals included in the database are covered under 
private insurance plans; no Medicaid or Medicare data are 
included. The database includes claims information describing 
the health-care experiences for approximately 56 million covered 
lives per year. The database is divided into subsections, including 
inpatient claims, outpatient claims, outpatient prescription drug 
claims, and enrollment information. Claims data in each of the 
subsections contain a unique patient identifier and information 
on patient age, gender, geographic location (including state and 
three-digit zip code), and type of health plan.

The inpatient and outpatient services subsections of the 
MarketScan database contain information on all services per-
formed in an inpatient or outpatient setting. These data include 
information on dates of services, the diagnoses associated with 
the claim, and the procedures performed. The outpatient services 
subsection includes information for all services performed in 
a doctor’s office, hospital outpatient clinic, emergency room, 
or other outpatient facility. Previous studies have used the 
MarketScan database to examine health-care service use and 
costs for children (24–29).

study Population
The study sample consisted of children aged 6–15 with a diagnosis 
of one of the following conditions (ICD-9 codes in parentheses): 
OCD (300.3), AN (307.1), anxiety disorder (300.0–300.2), tic 
disorder (307.20 or 307.22), ADHD (314), major depression 
(296.2–296.3), and bipolar disorder (296.0–296.2, 296.4–296.8). 
To test the specificity of the models, we also included children with 
broken bones (800–829) and open wounds (870–897). To identify 
new cases, we further limited the sample in each diagnostic group 
to children who were continuously enrolled for at least 1  year 
prior to their first diagnosis for the condition (the index date). 
Next, a matched one-to-one control group was constructed for 
each diagnostic group consisting of children who did not have the 
condition of interest and were matched with their corresponding 
case on age, gender, date of the start of continuous enrollment, 
and three-digit zip code. Because vaccines tend to occur during 
certain times of year (such as before summer camps or the begin-
ning of school), controls were also required to have an outpatient 
visit at which they did not receive a vaccine within 15  days of 
the date that the corresponding case was first diagnosed with the 

the timely administration of vaccines in preventing mortality and morbidity in childhood 
infectious diseases, we encourage families to maintain vaccination schedules according 
to CDC guidelines.

Keywords: anorexia nervosa, obsessive–compulsive disorder, anxiety disorder, tic disorder, vaccination, influenza, 
meningococcus
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condition, in an effort to control for seasonality. The date of this 
visit was the index date for children in the control group.

For each diagnostic group and their corresponding controls, 
individuals who were vaccinated in the 3, 6, or 12 months before 
the index date were identified. Exposure to vaccines was measured 
using CPT codes (list available from the authors upon request) 
and ICD-9 codes (V03–V06 or V07.2). Exposure to specific vac-
cines, including influenza, tetanus and diphtheria (TD), hepatitis 
A, hepatitis B, meningitis, and varicella, was tracked.

statistical analysis
The analyses were performed for each diagnostic group (and 
their controls) separately. Children with multiple conditions 
(e.g., ADHD and tic disorder) were included in each of the 
corresponding analytic groups. First, the proportion of children 
who were exposed to vaccines in the period before the index date 
was compared across the case and control groups. Next, bivariate 
conditional logistic regression models were estimated to deter-
mine the hazard ratios (HRs) and 95% confidence intervals (95% 
CIs) associated with the effect of vaccine exposure on having the 
condition of interest. Separate models were run for the 3-, 6-, and 
12-month periods preceding the index date for each diagnostic 
group. The study was approved by the Penn State College of 
Medicine Institutional Review Board.

resUlTs

Characteristics of each of the diagnostic groups are presented 
in Table  1. Sample sizes ranged from 551 children diagnosed 
with AN to 85,151 children with a broken bone. The average age 
ranged from 9.5 ± 2.5 for children with tic disorder to 13.3 ± 1.7 
for children with AN. Not surprisingly, the distribution of sex 
varied considerably across diagnostic groups, with higher per-
centages of females in the AN (86.6%) and major depression 
(56.3%) categories and higher proportions of males in the tic 
disorder (76.4%), ADHD (66.8%), open wound (62.2%), broken 
bone (58.4%), OCD (56.6%), and bipolar disorder (54.1%) 
categories.

Rates of receipt of vaccines in the 6 months before the first 
diagnosis of the disorder are also reported in Table 1 and varied 
considerably across diagnostic groups. Receipt of any vaccine in 
the previous 6 months was highest for children with AN (21.4%), 
followed by OCD (15.9%) and tic disorder (15.8%), and was 
lowest for children with open wounds (10.3%). Rates of receipt 
of specific vaccines were fairly low, ranging from 0.5% for the 
hepatitis vaccine among children with tic disorder to 8.4% for the 
influenza vaccine among children with tic disorder. In general, 
vaccination rates were highest among children in the AN, OCD, 
and tic disorder groups and were lowest for children in the open 
wound or bipolar disorder groups.

Table 2 presents HRs from the bivariate associations of receipt 
of vaccine within the 3-, 6-, and 12-month periods preceding the 
index date for each diagnostic group compared to their matched 
controls. Children with OCD, AN, anxiety disorder, or ADHD 
were more likely to have had a vaccination in each of the pre-
ceding periods than their matched controls, and children with 
tic disorder were more likely to have had a vaccination in the 
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TaBle 2 | Bivariate associations of receipt of vaccine with new diagnosis.a

Vaccine Broken bone  
N = 85,151

Open wound 
N = 73,290

OcD  
N = 3,222

anorexia  
nervosa N = 551

anxiety disorder 
N = 23,462

Tic disorder 
N = 2,547

aDhD  
N = 46,640

Major depression 
N = 13,295

Bipolar disorder 
N = 5,892

hazard  
ratio  
(hr)

95% ci hr 95% ci hr 95% ci hr 95% ci hr 95% ci hr 95% ci hr 95% ci hr 95% ci hr 95% ci

any vaccine
3 months 1.04 1.00 1.08 0.96 0.92 1.00 1.23 1.02 1.49 1.80 1.21 2.68 1.12 1.04 1.20 1.11 0.90 1.38 1.06 1.00 1.12 0.88 0.80 0.97 0.87 0.75 1.01
6 months 1.08 1.05 1.11 0.97 0.94 1.01 1.27 1.10 1.47 1.63 1.17 2.27 1.13 1.07 1.19 1.25 1.06 1.47 1.04 1.00 1.09 0.92 0.86 0.99 0.82 0.73 0.91
12 months 1.07 1.04 1.09 0.97 0.94 1.00 1.23 1.09 1.38 1.47 1.12 1.93 1.14 1.09 1.19 1.19 1.04 1.36 1.08 1.05 1.12 0.89 0.84 0.95 0.87 0.79 0.95

influenza
3 months 1.03 0.96 1.11 0.93 0.86 1.01 1.36 1.02 1.82 2.20 1.10 4.38 1.23 1.10 1.38 1.24 0.91 1.67 0.98 0.91 1.07 0.81 0.68 0.96 0.71 0.55 0.92
6 months 1.07 1.02 1.13 0.96 0.91 1.02 1.48 1.21 1.83 1.83 1.07 3.15 1.24 1.14 1.35 1.27 1.02 1.58 0.97 0.91 1.02 0.89 0.79 1.00 0.84 0.70 1.00
12 months 1.06 1.02 1.09 0.97 0.93 1.01 1.35 1.16 1.59 1.52 0.99 2.34 1.27 1.19 1.35 1.28 1.08 1.50 1.04 0.99 1.09 0.93 0.84 1.02 0.87 0.76 1.00

TD
3 months 1.02 0.94 1.11 0.92 0.83 1.02 1.15 0.72 1.84 1.70 0.78 3.71 0.95 0.80 1.13 0.86 0.47 1.60 1.04 0.91 1.19 0.95 0.78 1.16 0.83 0.62 1.12
6 months 1.07 1.00 1.14 0.94 0.87 1.01 1.07 0.75 1.51 1.77 0.90 3.49 0.91 0.80 1.03 1.24 0.82 1.88 1.03 0.93 1.13 0.96 0.83 1.10 0.82 0.66 1.02
12 months 1.07 1.02 1.12 0.93 0.88 0.98 0.99 0.77 1.26 1.63 1.05 2.52 0.98 0.90 1.07 0.93 0.67 1.30 1.04 0.97 1.11 0.90 0.82 1.00 0.80 0.68 0.93

hepa
3 months 1.02 0.94 1.12 0.97 0.88 1.07 1.47 0.92 2.33 1.60 0.52 4.89 1.00 0.85 1.18 1.13 0.70 1.83 1.03 0.92 1.17 0.86 0.68 1.08 1.03 0.73 1.47
6 months 1.05 0.98 1.12 0.99 0.92 1.07 1.43 1.02 2.01 1.09 0.48 2.51 1.08 0.95 1.22 1.35 0.92 1.98 1.05 0.96 1.15 0.95 0.81 1.13 0.79 0.60 1.03
12 months 1.08 1.02 1.13 0.99 0.93 1.05 1.40 1.07 1.82 1.73 0.89 3.37 1.00 0.91 1.10 1.17 0.88 1.56 1.09 1.02 1.18 0.97 0.86 1.11 0.81 0.66 1.00

hepB
3 months 1.08 0.93 1.25 1.05 0.89 1.24 0.71 0.32 1.61 3.00 0.61 14.86 1.01 0.76 1.34 1.40 0.44 4.41 1.13 0.91 1.39 1.05 0.77 1.43 0.97 0.61 1.56
6 months 1.02 0.92 1.13 1.02 0.91 1.15 0.80 0.45 1.44 1.71 0.68 4.35 1.01 0.83 1.23 1.17 0.54 2.52 1.07 0.92 1.24 0.89 0.71 1.11 0.91 0.64 1.29
12 months 1.03 0.95 1.11 1.00 0.91 1.09 0.93 0.60 1.44 1.55 0.72 3.30 1.01 0.89 1.16 1.19 0.61 2.31 1.06 0.95 1.18 1.00 0.85 1.18 1.07 0.83 1.38

Meningitis
3 months 1.05 0.95 1.17 1.04 0.92 1.19 1.10 0.67 1.80 1.71 0.68 4.35 1.06 0.88 1.27 1.46 0.72 2.95 1.16 0.98 1.38 0.89 0.70 1.13 0.87 0.57 1.33
6 months 1.08 1.00 1.17 1.02 0.92 1.12 1.15 0.78 1.71 1.75 0.86 3.56 1.12 0.97 1.29 1.94 1.08 3.46 1.08 0.95 1.23 0.88 0.73 1.05 0.82 0.61 1.11
12 months 1.06 0.99 1.14 1.02 0.94 1.10 1.34 0.96 1.87 1.42 0.79 2.56 1.14 1.01 1.29 1.73 1.07 2.80 1.06 0.95 1.18 0.81 0.70 0.94 0.85 0.67 1.09

Varicella
3 months 0.88 0.79 0.99 0.90 0.79 1.03 1.33 0.79 2.26 1.00 0.20 4.96 1.06 0.85 1.31 0.73 0.42 1.27 1.06 0.90 1.24 0.85 0.58 1.24 1.08 0.63 1.87
6 months 0.97 0.88 1.06 0.96 0.87 1.07 1.38 0.89 2.15 2.66 0.71 10.04 1.17 0.99 1.38 0.91 0.59 1.40 1.09 0.97 1.23 0.85 0.64 1.14 0.79 0.52 1.21
12 months 1.00 0.93 1.08 0.93 0.85 1.01 1.36 0.92 1.99 1.29 0.48 3.45 1.11 0.97 1.28 0.97 0.67 1.40 1.06 0.95 1.17 0.84 0.66 1.06 0.74 0.53 1.05

aCases and controls matched on date (±15 days, see text) of the start of continuous enrollment, year of birth, gender, and three-digit zip code. N’s represent cases only. Results in bold are statistically significant at p < 0.05.
OCD, obsessive–compulsive disorder; ADHD, attention deficit hyperactivity disorder; TD, tetanus and diphtheria; Hep, hepatitis.
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preceding 6- and 12-month periods than their matched controls. 
HRs associated with receipt of any vaccine were highest for 
children with AN, ranging from 1.47 (95% CI 1.12–1.93) for the 
12-month preceding period to 1.80 (95% CI 1.21–2.68) for the 
3-month preceding period, followed by OCD, which ranged from 
1.23 for both the 12-month (95% CI 1.12–1.93) and 3-month 
(95% CI 1.02–1.49) preceding periods to 1.27 (95% CI 1.10–1.47) 
for the 6-month preceding period. However, children with bro-
ken bones were also more likely to have had a vaccination in the 
preceding period, although the HRs were smaller, ranging from 
1.04 (95% CI 1.00–1.08) for the 3-month preceding period to 1.08 
(95% CI 1.05–1.11) for the 6-month preceding period. The other 
control condition, open wounds, showed no increased incidence 
following vaccinations. In addition, children with major depres-
sion were less likely to have had a vaccination in all 3 preceding 
periods, and children with bipolar disorder were also less likely to 
have had a vaccination in the 6- or 12-month preceding periods.

There were fewer statistically significant results when looking 
at the effects of the individual vaccines. Children with OCD were 
more likely to have received the influenza vaccine in each of the 
preceding periods, or the hepatitis A vaccine in the previous 6 
or 12 months. Children with AN were also more likely to have 
received the influenza vaccine in the preceding 3 or 6 months, or 
the TD vaccine in the previous 12 months. Children with anxiety 
disorder were more likely to have received the influenza vaccine 
in the previous 12 months. Children with tic disorder were more 
likely to have received an influenza or a meningococcal vaccine 
in the previous 6 or 12 months. However, children with broken 
bones were also slightly more likely to have received the influenza 
vaccine during the previous 3-, 6-, and 12-month intervals. In 
contrast, children with major depression were less likely to have 
received the influenza vaccine in the previous 3 months or the 
meningitis vaccine in the previous 12 months. Similarly, children 
with bipolar disorder were also less likely to have received the 
influenza vaccine in the previous 3 or 6  months. Antecedent 
vaccination with any vaccine and with the TD vaccine during 
the previous 12  months was very modestly associated with a 
decreased incidence of open wounds (Table 2).

DiscUssiOn

The principal findings of this study are as follows: (i) children 
with OCD, AN, anxiety disorder, and tic disorder were more 
likely to have received influenza vaccine during the preceding 
1-year period (for OCD in the preceding 3-, 6-, and 12-month 
periods; for AN in the preceding 3- and 6-month periods; for 
anxiety disorder in the preceding 6- and 12-month periods; for tic 
disorder in the preceding 6- and 12-month periods) and (ii) HRs 
associated with receipt of any vaccine were highest for children 
with AN, ranging from 1.47 for the 12-month preceding period to 
1.80 for the 3-month preceding period, followed by OCD, which 
ranged from 1.23 for both the 12- and 3-month preceding periods 
to 1.27 for the 6-month preceding period. However, if we apply 
a high standard [so that the upper limit of the of the 95% CI of 
the HR observed for the association between the administration 
of any vaccine and the subsequent occurrence of a broken bone 
(1.11) falls below the lower limit of the 95% CI observed for any 

of the HRs for any of the neuropsychiatric disorders], only the 
findings for AN pass this stringent threshold (Table 2). Applying 
a similar high standard for the individual vaccines, the only asso-
ciations that pass this threshold concern the influenza vaccine 
given in the preceding 6- and 12-month periods for OCD and 
anxiety disorders.

Our findings showing that children with AN, OCD, or a tic 
disorder were more likely to have received the influenza vaccine 
in the preceding periods were noteworthy given the findings of 
increased incidence of narcolepsy in Finland, Sweden, Ireland, 
Norway, England, and France after vaccination with AS03-
adjuvanted H1N1 vaccine (17, 18). Studies also show a threefold 
increase in the incidence of narcolepsy after following the 2009 
H1N1 pandemic in China (30). Although the strong association 
between HLA class II and narcolepsy suggests that narcolepsy 
may be an autoimmune disorder, the exact mechanism leading 
to immune-related narcolepsy is not completely understood and 
other host factors are likely to play an important role (31, 32). 
Investigators have made use of in  silico techniques to begin to 
identify potential causal pathways and the relevant host factors 
(19). More recently, Ahmed et al. (23) have shown that the H1N1 
influenza vaccine containing the AS03 adjuvant triggers antibod-
ies that bind to hypocretin receptor 2a. Additional work is needed 
to replicate and extend these findings.

It is also of note that the observed association between the 
antecedent administration of the influenza vaccine and the new 
onset of AN and OCD may suggest that aberrant immune func-
tioning may be a common pathogenetic pathway for OCD and 
AN. The high comorbidity rates between OCD and AN, common 
cortico-striatal abnormalities in neuroimaging studies, and anti-
putamen antibodies both in OCD and AN cases are some of the 
shared features of these two disorders worth considering (33–35). 
In addition, the increased risk for autoimmune disorders (such 
as type 1 diabetes mellitus, Crohn’s disease, and celiac disease) in 
eating disorders (36) and the documented comorbidity of OCD 
and autoimmune diseases (such as systemic lupus erythematosus, 
thyroid dysfunction, and multiple sclerosis) (35) indicate the 
possible shared host factors and the role of immune-mediated 
mechanisms in the development of AN and OCD. We also 
note the findings of Zastrow and colleagues that vaccination to 
prevent H1N1 influenza is recommendable even in extremely 
underweight AN patients (37).

Limitations of this study include that we were unable to 
control for the fact that providers may designate ICD-9 insur-
ance billing codes for vaccines generally without specifying the 
particular vaccine. Additionally, we were unable to match claims 
by providers in order to control for the diagnostic predilections 
of individual physicians and account for the possibility that 
some physicians might be more (or less) likely to diagnose one 
or more neuropsychiatric disorders and/or recommend specific 
vaccinations. The results of this study are further qualified by 
the limitations of the administrative retrospective data used in 
this study, rather than from systematically obtained clinical data, 
especially around diagnostic classification. This is a shortcom-
ing inherent in studies that rely on secondary analyses to secure 
large sample sizes. Furthermore, early vaccines are grouped 
together in the first 15 months of infancy, some of them given 
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simultaneously at one visit and received by most of the infants. 
This leads to a limitation in analyzing the possibility of the 
temporal association between individual vaccines and the onset 
of neuropsychiatric disorders. We deliberately chose our sample 
from children aged 6–15 years in order to overcome this limita-
tion. Another limitation concerns changes in vaccine guidelines 
during the time interval used in this analysis. For example, the 
American Academy of Pediatrics first recommended the use of 
the conjugate meningococcal vaccine in August 2005 and the 
varicella booster in April 2007. As a consequence, the size of the 
cohorts who received these vaccines is smaller in comparison to 
other vaccines. Another issue concerns the fact that the influenza 
vaccination is an annual vaccination using a vaccine specific for 
a given year to protect against the highly variable influenza virus. 
As a consequence, it is also the most frequently administered 
vaccine that indeed may well have disproportionately “driven” 
the “any vaccine” findings (Table  1). Given its variability and 
prevalence, in future studies, it will be important to look year-
by-year. Perhaps the largest limitation and potential threat to 
the study’s validity has to do with the fundamental impossibility 
of detecting a causal relationship within the context of such a 
case–control study. Indeed, this provides no more than a relative 
perspective of the potential risk, as opposed to the absolute risk 
(the real proportion of individuals who had a vaccination and 
then developed one or more of the investigated conditions) that 
might be expected to be reasonably small.

Moving forward, our findings require replication in a larger 
population-based sample, possibly including assessments of 
various potentially important host factors, e.g., the individual’s 
genomic and epigenomic background, the individual’s micro-
biome, their history of antecedent psychosocial stress, infec-
tions, as well as other potentially simultaneously administered 
vaccinations, the differences in vaccine types, and the route of 
administration (e.g., intramuscular or intranasal administration 
of influenza vaccine) as different routes of administration may 
lead to a difference in immune responses in the host.

It will also be critically important to determine whether or 
not newly acquired infectious diseases against which the children 
were vaccinated may themselves lead to an increased incidence 
to one or more of these neuropsychiatric disorders. In fact, it 
would not be surprising if the diseases per se represent a stronger 
risk factor than vaccinations. The documented increase in the 
incidence of narcolepsy following the 2009 H1N1 pandemic in 
China provides a clear example (30). Our earlier epidemiological 
study documenting a temporally related modest increase in the 
incidence of OCD, tic disorders, and ADHD following a prior 
streptococcal infection provides another example (25). Future 
epidemiologic investigations are needed to address this impor-
tant question.

The present study has the potential to extend our knowledge 
about the role of the immune system in some pediatric-onset 
neuropsychiatric disorders. However, our findings do not 
demonstrate a causal role of vaccination in the pathoetiology of 
any of these conditions. This is especially important given the 
clear public health benefits of the timely administration of vac-
cines in preventing mortality and morbidity (38). Vaccines are 
among the most successful and cost-effective preventive public 

health interventions (39). Vaccination has led to eradication of 
smallpox, and we are close to the eradication of poliomyelitis 
across the world. Since most of the vaccine-preventable diseases 
are contagious from person to person, the increase in numbers 
of vaccinated individuals will decrease the chance of a disease 
to spread. Proper vaccination not only protects our generation 
but also protects future generations against epidemics of diseases. 
It should always be kept in mind that vaccines are crucial for 
eradicating infectious diseases and preventing the higher rates of 
morbidity and mortality due to infections. However, care should 
be taken to ensure that children scheduled to receive vaccinations 
are in good health and that recommended precautions are taken 
at the time a vaccine is to be administered.

clinical significance
These findings provide preliminary epidemiologic evidence that 
the onset of some pediatric-onset neuropsychiatric disorders, 
including AN, OCD, anxiety disorders, and tic disorders, may 
be temporally related to prior vaccinations. Each of these condi-
tions is etiologically heterogeneous, and host factors likely play 
an important role in a small subset of vulnerable individuals. 
However, these findings, even if replicated in future studies, do 
not prove a causal role of vaccination in the pathoetiology of 
any of these conditions. Indeed, antecedent infections may also 
increase the risk of developing one or more of these disorders in 
vulnerable individuals. Finally, given the modest magnitude of 
these findings and the clear public health benefits of the timely 
administration of vaccines in preventing mortality and morbidity 
in childhood, we encourage families to maintain the currently 
recommended vaccination schedules while taking all necessary 
precautions as documented by the Centers for Disease Control 
and Prevention (http://www.cdc.gov/vaccines/recs/vac-admin/
contraindications.htm).

aUThOr nOTes

Data were obtained from the MarketScan® Commercial Claims 
and Encounters database, which is constructed and maintained 
by Truven Health Analytics.

aUThOr cOnTriBUTiOns

DL, RK, BR, and JL designed the study and wrote the protocol. 
SG commented on the protocol. DL undertook the statistical 
analysis. BR, DL, and JL wrote the first draft of the manuscript. 
All the authors commented on the manuscript. All the authors 
contributed to and have approved the final manuscript.

acKnOWleDgMenTs

The authors would like to express their thanks to Ivana Kawikova, 
MD, PhD, for her edits and guidance in preparing this article.

FUnDing

This research was funded by donations from RK, BR, and Linda 
Richmand.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
http://www.cdc.gov/vaccines/recs/vac-admin/contraindications.htm
http://www.cdc.gov/vaccines/recs/vac-admin/contraindications.htm


7

Leslie et al. Incidence after Vaccination

Frontiers in Psychiatry | www.frontiersin.org January 2017 | Volume 8 | Article 3

reFerences

1. Leckman JF, Vaccarino FM. Editorial commentary: “what does immunology 
have to do with brain development and neuropsychiatric disorders?”. Brain 
Res (2015) 1617:1–6. doi:10.1016/j.brainres.2014.09.052 

2. Teixeira AL, Rodrigues DH, Marques AH, Miguel EC, Fontenelle LF. 
Searching for the immune basis of obsessive-compulsive disorder. Neuro
immunomodulation (2014) 21(2–3):152–8. doi:10.1159/000356554 

3. Williams KA, Swedo SE. Post-infectious autoimmune disorders: Sydenham’s 
chorea, PANDAS and beyond. Brain Res (2015) 1617:144–54. doi:10.1016/j.
brainres.2014.09.071 

4. Omodei D, Pucino V, Labruna G, Procaccini C, Galgani M, Perna F, et  al. 
Immune-metabolic profiling of anorexic patients reveals an anti-oxidant 
and anti-inflammatory phenotype. Metabolism (2015) 64(3):396–405. 
doi:10.1016/j.metabol.2014.10.025 

5. Martino D, Zis P, Buttiglione M. The role of immune mechanisms in 
Tourette syndrome. Brain Res (2015) 1617:126–43. doi:10.1016/j.brainres. 
2014.04.027 

6. Verlaet AA, Noriega DB, Hermans N, Savelkoul HF. Nutrition, immu-
nological mechanisms and dietary immunomodulation in ADHD. Eur 
Child Adolesc Psychiatry (2014) 23(7):519–29. doi:10.1007/s00787-014- 
0522-2 

7. Lotrich FE. Inflammatory cytokine-associated depression. Brain Res (2015) 
1617:113–25. doi:10.1016/j.brainres.2014.06.032 

8. Maletic V, Raison C. Integrated neurobiology of bipolar disorder. Front 
Psychiatry (2014) 5:98. doi:10.3389/fpsyt.2014.00098 

9. Kalkbrenner AE, Schmidt RJ, Penlesky AC. Environmental chemical 
exposures and autism spectrum disorders: a review of the epidemiological 
evidence. Curr Probl Pediatr Adolesc Health Care (2014) 44(10):277–318. 
doi:10.1016/j.cppeds.2014.06.001 

10. Taylor LE, Swerdfeger AL, Eslick GD. Vaccines are not associated with autism: 
an evidence-based meta-analysis of case-control and cohort studies. Vaccine 
(2014) 32(29):3623–9. doi:10.1016/j.vaccine.2014.04.085 

11. Karussis D, Petrou P. The spectrum of post-vaccination inflammatory 
CNS demyelinating syndromes. Autoimmun Rev (2014) 13(3):215–24. 
doi:10.1016/j.autrev.2013.10.003 

12. Pellegrino P, Carnovale C, Perrone V, Pozzi M, Antoniazzi S, Clementi E, et al. 
Acute disseminated encephalomyelitis onset: evaluation based on vaccine 
adverse events reporting systems. PLoS One (2013) 8(10):e77766. doi:10.1371/
journal.pone.0077766 

13. Pellegrino P, Carnovale C, Pozzi M, Antoniazzi S, Perrone V, Salvati D, 
et  al. On the relationship between human papilloma virus vaccine and 
autoimmune diseases. Autoimmun Rev (2014) 13(7):736–41. doi:10.1016/j.
autrev.2014.01.054 

14. Perricone C, Ceccarelli F, Nesher G, Borella E, Odeh Q, Conti F, et  al. 
Immune thrombocytopenic purpura (ITP) associated with vaccinations: a 
review of reported cases. Immunol Res (2014) 60(2–3):226–35. doi:10.1007/
s12026-014-8597-x 

15. Prestel J, Volkers P, Mentzer D, Lehmann HC, Hartung HP, Keller-Stanislawski 
B, et  al. Risk of Guillain-Barre syndrome following pandemic influenza 
A(H1N1) 2009 vaccination in Germany. Pharmacoepidemiol Drug Saf (2014) 
23(11):1192–204. doi:10.1002/pds.3638 

16. Rinaldi M, Perricone C, Ortega-Hernandez OD, Perricone R, Shoenfeld 
Y. Immune thrombocytopaenic purpura: an autoimmune cross-link 
between infections and vaccines. Lupus (2014) 23(6):554–67. doi:10.1177/ 
0961203313499959 

17. Heier MS, Gautvik KM, Wannag E, Bronder KH, Midtlyng E, Kamaleri Y, 
et  al. Incidence of narcolepsy in Norwegian children and adolescents after 
vaccination against H1N1 influenza A. Sleep Med (2013) 14(9):867–71. 
doi:10.1016/j.sleep.2013.03.020 

18. Partinen M, Kornum BR, Plazzi G, Jennum P, Julkunen I, Vaarala O. 
Narcolepsy as an autoimmune disease: the role of H1N1 infection and 
vaccination. Lancet Neurol (2014) 13(6):600–13. doi:10.1016/S1474-4422(14) 
70075-4 

19. McGarvey PB, Suzek BE, Baraniuk JN, Rao S, Conkright B, Lababidi S, 
et  al. In silico analysis of autoimmune diseases and genetic relationships 

to vaccination against infectious diseases. BMC Immunol (2014) 15:61. 
doi:10.1186/s12865-014-0061-0 

20. Nguyen XH, Saoudi A, Liblau RS. Vaccine-associated inflammatory diseases 
of the central nervous system: from signals to causation. Curr Opin Neurol 
(2016) 29(3):362–71. doi:10.1097/WCO.0000000000000318 

21. Häggmark-Månberg A, Zandian A, Forsström B, Khademi M, Lima 
Bomfim I, Hellström C, et  al. Autoantibody targets in vaccine-associated 
narcolepsy. Autoimmunity (2016) 49(6):421–33. doi:10.1080/08916934.2016. 
1183655 

22. Vogel G. INFLUENZA. Narcolepsy link to pandemic flu vaccine becomes 
clearer. Science (2015) 349(6243):17. doi:10.1126/science.349.6243.17 

23. Ahmed SS, Volkmuth W, Duca J, Corti L, Pallaoro M, Pezzicoli A, et  al. 
Antibodies to influenza nucleoprotein cross-react with human hypocretin 
receptor 2. Sci Transl Med (2015) 7(294):294ra105. doi:10.1126/scitranslmed.
aab2354 

24. Leslie DL, Martin A. Health care expenditures associated with autism spec-
trum disorders. Arch Pediatr Adolesc Med (2007) 161(4):350–5. doi:10.1001/
archpedi.161.4.350 

25. Leslie DL, Kozma L, Martin A, Landeros A, Katsovich L, King RA, et  al. 
Neuropsychiatric disorders associated with streptococcal infection: a 
case-control study among privately insured children. J Am Acad Child 
Adolesc Psychiatry (2008) 47(10):1166–72. doi:10.1097/CHI.0b013e31818 
25a3d 

26. Shimabukuro TT, Grosse SD, Rice C. Medical expenditures for children with 
an autism spectrum disorder in a privately insured population. J Autism Dev 
Disord (2008) 38(3):546–52. doi:10.1007/s10803-007-0424-y 

27. Zhou F, Shefer A, Kong Y, Nuorti JP. Trends in acute otitis media- 
related health care utilization by privately insured young children in the 
United States, 1997-2004. Pediatrics (2008) 121(2):253–60. doi:10.1542/peds. 
2007-0619 

28. Cortes JE, Curns AT, Tate JE, Cortese MM, Patel MM, Zhou F, et al. Rotavirus 
vaccine and health care utilization for diarrhea in U.S. children. N Engl J Med 
(2011) 365(12):1108–17. doi:10.1056/NEJMoa1000446 

29. Leung J, Harpaz R, Molinari NA, Jumaan A, Zhou F. Herpes zoster incidence 
among insured persons in the United States, 1993-2006: evaluation of impact 
of varicella vaccination. Clin Infect Dis (2011) 52(3):332–40. doi:10.1093/cid/
ciq077 

30. Han F, Lin L, Warby SC, Faraco J, Li J, Dong SX, et al. Narcolepsy onset is 
seasonal and increased following the 2009 H1N1 pandemic in China. Ann 
Neurol (2011) 70(3):410–7. doi:10.1002/ana.22587 

31. Billiard M, Seignalet J, Besset A, Cadilhac J. HLA-DR2 and narcolepsy. Sleep 
(1986) 9(1 Pt 2):149–52. 

32. Koepsell TD, Longstreth WT, Ton TG. Medical exposures in youth and the 
frequency of narcolepsy with cataplexy: a population-based case-control 
study in genetically predisposed people. J Sleep Res (2010) 19(1 Pt 1):80–6. 
doi:10.1111/j.1365-2869.2009.00756.x 

33. Harel Z, Hallett J, Riggs S, Vaz R, Kiessling L. Antibodies against human 
putamen in adolescents with anorexia nervosa. Int J Eat Disord (2001) 
29(4):463–9. doi:10.1002/eat.1043 

34. Kirvan CA, Swedo SE, Snider LA, Cunningham MW. Antibody-mediated 
neuronal cell signaling in behavior and movement disorders. J Neuroimmunol 
(2006) 179(1–2):173–9. doi:10.1016/j.jneuroim.2006.06.017 

35. Toufexis MD, Hommer R, Gerardi DM, Grant P, Rothschild L, D’Souza P, 
et  al. Disordered eating and food restrictions in children with PANDAS/
PANS. J Child Adolesc Psychopharmacol (2015) 25(1):48–56. doi:10.1089/
cap.2014.0063 

36. Raevuori A, Haukka J, Vaarala O, Suvisaari JM, Gissler M, Grainger M, et al. 
The increased risk for autoimmune diseases in patients with eating disorders. 
PLoS One (2014) 9(8):e104845. doi:10.1371/journal.pone.0104845 

37. Zastrow A, Schnitzler P, Eckerle I, Herzog W, Friederich HC. Immunogenicity 
and safety of H1N1 vaccination in anorexia nervosa – results from a pilot 
study. Int J Eat Disord (2012) 45(1):146–9. doi:10.1002/eat.20908 

38. Andre FE, Booy R, Bock HL, Clemens J, Datta SK, John TJ, et  al. 
Vaccination greatly reduces disease, disability, death and inequity world-
wide. Bull World Health Organ (2008) 86(2):140–6. doi:10.2471/BLT.07. 
040089 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/j.brainres.2014.09.052
https://doi.org/10.1159/000356554
https://doi.org/10.1016/j.brainres.2014.09.071
https://doi.org/10.1016/j.brainres.2014.09.071
https://doi.org/10.1016/j.metabol.2014.10.025
https://doi.org/10.1016/j.brainres.2014.04.027
https://doi.org/10.1016/j.brainres.2014.04.027
https://doi.org/10.1007/s00787-014-0522-2
https://doi.org/10.1007/s00787-014-0522-2
https://doi.org/10.1016/j.brainres.2014.06.032
https://doi.org/10.3389/fpsyt.2014.00098
https://doi.org/10.1016/j.cppeds.2014.06.001
https://doi.org/10.1016/j.vaccine.2014.04.085
https://doi.org/10.1016/j.autrev.2013.10.003
https://doi.org/10.1371/journal.pone.0077766
https://doi.org/10.1371/journal.pone.0077766
https://doi.org/10.1016/j.autrev.2014.01.054
https://doi.org/10.1016/j.autrev.2014.01.054
https://doi.org/10.1007/s12026-014-8597-x
https://doi.org/10.1007/s12026-014-8597-x
https://doi.org/10.1002/pds.3638
https://doi.org/10.1177/0961203313499959
https://doi.org/10.1177/0961203313499959
https://doi.org/10.1016/j.sleep.2013.03.020
https://doi.org/10.1016/S1474-4422(14)70075-4
https://doi.org/10.1016/S1474-4422(14)70075-4
https://doi.org/10.1186/s12865-014-0061-0
https://doi.org/10.1097/WCO.0000000000000318
https://doi.org/10.1080/08916934.2016.1183655
https://doi.org/10.1080/08916934.2016.1183655
https://doi.org/10.1126/science.349.6243.17
https://doi.org/10.1126/scitranslmed.aab2354
https://doi.org/10.1126/scitranslmed.aab2354
https://doi.org/10.1001/archpedi.161.4.350
https://doi.org/10.1001/archpedi.161.4.350
https://doi.org/10.1097/CHI.0b013e3181825a3d
https://doi.org/10.1097/CHI.0b013e3181825a3d
https://doi.org/10.1007/s10803-007-0424-y
https://doi.org/10.1542/peds.2007-0619
https://doi.org/10.1542/peds.2007-0619
https://doi.org/10.1056/NEJMoa1000446
https://doi.org/10.1093/cid/ciq077
https://doi.org/10.1093/cid/ciq077
https://doi.org/10.1002/ana.22587
https://doi.org/10.1111/j.1365-2869.2009.00756.x
https://doi.org/10.1002/eat.1043
https://doi.org/10.1016/j.jneuroim.2006.06.017
https://doi.org/10.1089/cap.2014.0063
https://doi.org/10.1089/cap.2014.0063
https://doi.org/10.1371/journal.pone.0104845
https://doi.org/10.1002/eat.20908
https://doi.org/10.2471/BLT.07.040089
https://doi.org/10.2471/BLT.07.040089


8

Leslie et al. Incidence after Vaccination

Frontiers in Psychiatry | www.frontiersin.org January 2017 | Volume 8 | Article 3

39. Fine P. Science and society: vaccines and public health. Public Health (2014) 
128(8):686–92. doi:10.1016/j.puhe.2014.06.021 

Conflict of Interest Statement: JL has received support from the NIH (salary and 
research funding), Tourette Syndrome Association (research funding), Grifols, 
LLC (past research funding), and Klingenstein Third Generation Foundation 
(medical student fellowship program). He receives book royalties from John Wiley 
and Sons, McGraw Hill, and Oxford University Press. The other authors declare 
no conflict of interest.

The reviewer ML and handling Editor declared their shared affiliation, and the 
handling Editor states that the process nevertheless met the standards of a fair and 
objective review.

Copyright © 2017 Leslie, Kobre, Richmand, Aktan Guloksuz and Leckman. This is an 
openaccess article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original publica
tion in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/j.puhe.2014.06.021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Temporal Association of Certain Neuropsychiatric Disorders Following Vaccination of Children and Adolescents: 
A Pilot Case–Control Study
	Introduction
	Materials and Methods
	Study Population
	Statistical Analysis

	Results
	Discussion
	Clinical Significance

	Author Notes
	Author Contributions
	Acknowledgments
	Funding
	References


