Supplementary Data

SUPPLEMENTARY TABLE S1. PREVIOUSLY REPORTED PREVALENCE OF IMMUNE-MEDIATED COMORBIDITIES IN CHILDREN
WITH OBSESSIVE COMPULSIVE DISORDER AND THEIR FIRST-DEGREE RELATIVES

Reported prevalence (%)*

Expected
References Diagnosis Condition Child Mother Father prevalence (%)
Murphy et al. (2010) OCD +/- tic Autoimmune disorders (total) — 17.8° — 4.7
Clinical interview of 107 children disorder Hashimoto’s thyroiditis — 11.9 — 6.6
with OCD and/or tic disorders. Systemic lupus erythematosus — 3.0° — 0.09
Rheumatic fever — 3.0 — 1.49
Rheumatoid arthritis — 2.0 — 2.4
Graves’ disease — 2.0 — 2.1
Type 1 diabetes — 0 — 2.8
Guillain-Barré Syndrome — 0 — 0.98
Behcet disease — 0 — 0.0019
Crohn’s disease — 0 — 0.17
Stagi et al. (2014) PANDAS Overt hypothyroidism 1.2 — — 0
Antibody screening in 77 consecutive Subclinical hypothyroidism 3.8 — — 3.6
patients fulfilling PANDAS criteria Autoimmune thyroiditis 2.46 — — 1.14
vs. 197 matched controls. Celiac disease 1.2 — — 0.05
Autoantibodies 5.1 — — 4.8
Yuce et al. (2014) OCD + TS Skin prick test positive 38.5° — — 5.7
Children and adolescents diagnosed Any allergic disease 61.5° — — 229
with OCD only (n=26), TS only Asthma 23.1 — — 8.6
(n=32, OCD and TS (n=13), and Allergic rhinitis 38.5 — — 17.1
healthy controls (n=35), evaluated Eczema 15.4° — 5.7
by a pediatric allergist. Family history of allergy 53.8 — 22.9
OCD only Skin prick test positive 219 — 5.7
Any allergic disease 53.1° — 22.9
Asthma 18.8 — 8.6
Allergic rhinitis 40.6° — 17.1
Eczema 9.4 — 5.7
Family history of allergy 31.2 — 229
TS Skin prick test positive 26.9° — 5.7
Any allergic disease 61.5° — 22.9
Asthma 23.1 — 8.6
Allergic rhinitis 38.5 — 17.1
Eczema 26.9° — 5.7
Family hx of allergy 34.6 — 229
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SUPPLEMENTARY TABLE S1. (CONTINUED)

Reported prevalence (%)*

Expected
References Diagnosis Condition Child Mother Father prevalence (%)
Calaprice et al. (2017) PANS Autoimmune disorders (total) — 20° — 12.5
Clinical survey of 908 patients/ Frequent or chronic infection 73 10 3 —
families with clinical diagnosis Allergies 55 43 30 —
of PANS. Frequent sore throats 51 — — —
Frequent ear infections 44 — — —
Eczema 37 17 11 —
Pneumonia 32 — — —
Asthma 27 16 11 —
Scarlet fever 15 7 2 —
Rheumatic fever 4 3 1 —
Immune deficiency — 4 1 —
Lupus — 2 0 —
MS — 1 0 —
IBD — 1 2 —
Rheumatoid arthritis — 4 1 —
Hypothyroidism 7 16 4 —
PANS 100 4 1 —
Frankovich et al. (2015) OCD +/- Autoimmune or inflammatory disease — 67 (all FDRs) —
Chart review of 53 patients evaluated PANS Inflammatory back pain 21 — —
in PANS clinic representing a mix At least one episode of arthritis 28 — —
of PANS and classic OCD. Elevated ESR/CRP 7 — —
Presumed celiac disease 11 — —

Dalsgaard et al. (2015) TS
Prospective study of TS incidence

based on national Danish health

registers of 1.1 million children.

Prior maternal autoimmune disease increased risk of TS in males
(IRR 1.29, 1.05-1.58) but not females (IRR 0.89, 0.52—1.52)°.
No single diagnosis was associated with TS.

100 autoimmune disorders (most common
ulcerative colitis, rheumatoid arthritis,
thyrotoxicosis, multiple sclerosis).

Prevalence of SLE, pernicious anemia, celiac
disease, and autoimmune thyroiditis was
low (<10 cases).

“Blank fields are shown where no data were included in the study.

"Difference from expected value was reported by authors as significant based on control group or epidemiological data.

“IRR with 95% confidence intervals are shown.

PANDAS, pediatric autoimmune neuropsychiatric disorder associated with streptococcal infections; PANS, pediatric acute-onset neuropsychiatric syndrome; TS, Tourette syndrome; FDR, first-degree relative;
IRR, incidence risk ratio; OCD, obsessive compulsive disorder; SLE, systemic lupus erythematosus; IBD, inflammatory bowel disease; MS, multiple sclerosis; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate.



SUPPLEMENTARY TABLE S2. PREVIOUSLY PUBLISHED ESTIMATES OF POPULATION PREVALENCE OR INCIDENCE OF IMMUNE-MEDIATED DISEASES

Diagnosis

Estimated Estimated
lifetime incidence
prevalence (%) (% per year)

Location of study

Age
group

Data summary

% Respondents
endorsing
>] episode(s)

Encephalitis or
meningitis®

Rheumatic fever®

Scarlet fever®

Asthma

0.1-04 0.0072
0.1-0.2 3-20 cases
per 100,000
1.0-2.0 0.01-0.06
7.4-253 —

United States
of America

United States
of America

Multiple

United States
of America

20-44

20-30

25-34

Between 2000 and 2010, there were 7.2 hospitalizations

for encephalitis per 100,000 population, with higher
rates in those <1 or >65 years (range 4.4-14.1
depending on age) (George et al. 2014). Incidence of
meningococcal disease between ages 0 and 30 was
estimated at 0.1-0.9 per 100,000 between 2006-2015,
with total incidence in 2015 of 0.18 (Centers for
Disease Control and Prevention 2017). Combining
these figures for a rough estimate of incidence yields
a maximum of 15 per 100,000 per year. A 2017 study
identified a total of 26,429 patients with encephalitis
or meningitis based on hospital discharge databases,
an estimated 8.3 per 100,000 (Hasbun et al. 2017).
These data likely represent underestimates given that
not all cases require hospital admission.

Lifetime prevalence at age 20-30 estimated based on

CDC data and estimates based on North American
epidemiological studies (Seckeler and Hoke 2011;
Stockmann et al. 2012).

Combined studies. The 1983 Oxford surveillance

program reported an incidence of 0.03% (Perks and
Mayon-White 1983). Rates vary with region and time
of year; associated with streptococcal infection.
Recent data from Beijing (2005-2014) suggest an
incidence of 14.25 per 100,000/year with 84% of
cases among children 3-8 years of age (Mahara et al.
2016), from South Korea a rate of 13.7 per 100,000
(Park et al. 2017), and from Poland 59.5 with 96% of
all cases in children under 15 (Staszewska-Jakubik
et al. 2016).

Lifetime asthma prevalence based on 2015 CDC

National Health Interview Survey. Estimate
represents 95% confidence interval of the mean.
Prevalence was lower in males (11.2%—-12.9%) than
females (13.3%-14.9%) (Centers for Disease Control
and Prevention 2015a). There is significant regional
variation (Centers for Disease Control and Prevention
2015b).

1.4 (0.9-2.1)

0.6 (0.3-1.2)

4.0 (3.1-5.2)

17.2 (15.0-19.8)
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SUPPLEMENTARY TABLE S2. (CONTINUED)

Estimated Estimated Year(s) % Respondents
lifetime incidence Age of data endorsing
Diagnosis prevalence (%) (% per year) Location of study group collection Data summary 2] episode(s)
Type 1 diabetes 0.2-0.6 — United States 20-39 1999-2010 Estimate from the National Health and Nutrition 0.5 (0.2-1.3)
of America Examination Survey based on age of diabetes

diagnosis, the age of insulin initiation, and current use
of insulin (Menke et al. 2013, 2015).

SLE 0.2-0.3 — United States >18 1988-2007 Combined studies. A 2015 study of a large United States 0.3 (0.1-1.0)
of America Medicare population estimated prevalence at 0.3%
(Garris et al. 2015). Older national prevalence data
suggested a prevalence of 0.16%—0.32% with definite
or probable SLE (Helmick et al. 2008).

Rheumatoid 0.2-0.4 — United States 18-34 2004-2014 A retrospective, cross-sectional study based on United 1.0 (0.5-2.0)

arthritis® of America States Administrative Health Insurance Claims
Databases suggested an overall prevalence of 0.5% in
2014 (0.3% for males and 0.7%-0.8% for females)
(Hunter et al. 2017). However, prevalence was lower
among adults ages 18-34, ~0.2% in females and
<0.1% in males, consistent with other United States
studies (Crowson et al. 2011). Juvenile idiopathic
arthritis (childhood-onset inflammatory arthritis) has
a maximum prevalence of 0.1% (Harrold et al. 2013),
which we have added to estimates for this age

category.
Psoriasis 2.6-3.7 — United States 20-59 2010-2013 Prevalence based on the National Health and Nutrition 2.2 (1.4-3.4)
of America Examination Survey was estimated at 3.2% in 2010

(Rachakonda et al. 2014). A 95% confidence interval
is shown. The prevalence among adults 20-29 years
of age is likely lower (Helmick et al. 2014).

IBD 0.8-1.3 — United States 2544 2015 A 2015 study suggests self-reported rates based on data 1.1 (0.5-2.0)
of America from the National Health Interview Survey are higher
than those suggested by previous studies using
administrative claims data (Dahlhamer et al. 2016).
The 95% confidence interval from this study is
shown.

Conditions with an estimated prevalence significantly greater than 0% are shown. Note that prevalence estimates based on the literature reflect cumulative lifetime prevalence but provide rough estimates only as they
vary based on the study population, location, and age of participants. Where possible, a range based on available estimates is given. Specific lifetime prevalence data are provided for age ranges matching the average age
at assessment of 27.8 years. Prevalence is estimated for cases in which only incidence data are available by multiplying by average age of study participants; this assumes only one episode per individual and similar rates
over time (an incorrect assumption in some cases, e.g., for varicella zoster given differences in pre- and postvaccine rates).

“Rates identified in this study are greater than those identified in published literature.

IBD, inflammatory bowel disease; SLE, systemic lupus erythematosus; CDC, Centers for Disease Control and Prevention.



SUPPLEMENTARY TABLE S3. OBSESSIVE COMPULSIVE DISORDER SYMPTOM SEVERITY RELATIVE TO COMORBIDITY

Forbidden thoughts Symmetry Cleaning Hoarding YBOCS
Medical comorbidity®  Mean (SD) n p° Mean (SD) n p Mean (SD) n P Mean (SD) n p Mean (SD) n p
Gender
M 2.1 (1.1) 229 0423 3.5 (1.5) 208  0.145 2.3 (1.0) 275 0.639 1.2 (0.9) 283  0.130 28.8 (6.5) 539 0.135
F 2.1 (1.0) 284 3.7 (1.5) 289 2.4 (1.0) 357 1.3 (0.9) 407 29.3 (6.2) 709
Frequent ear or throat infections
+ 2.2 (1.0 174 0.028 3.7 (1.5) 176 0.208 2.5(0.9) 224 0.002%* 1.4 (0.9) 241  0.016 28.9 (5.9) 445  0.444
- 2.0 (1.1) 338 3.5 (1.5) 320 2.3 (1.0) 404 1.2 (0.9) 444 29.2 (6.5) 788
Scarlet fever
+ 2.4 (1.0 18 0.217 3.6 (1.8) 16  0.893 2.5 (1.0) 21 0.584 1.4 (0.9) 25 0438 28.9 (5.5) 46  0.876
- 2.1 (1.1) 489 3.6 (1.5) 475 2.4 (1.0) 602 1.3 (0.9) 660 29.1 (6.4) 1183
Asthma®
+ 2.1 (1.0 66  0.144 3.3 (1.6) 63 0975 2.4 (0.9) 69 0.093 1.1 (1.0) 83  0.683 28.9 (6.6) 142 0.531
- 1.9 (1.1) 377 3.3 (1.5) 358 2.2 (1.0) 423 1.0 (0.9) 445 29.2 (6.3) 696
Psoriasis
+ 1.9 (1.1) 12 0.905 3.6 (1.6) 12 0.557 23 (1.1) 10 0.725 1.1 (1.0) 14 0.679 30.9 (5.9) 19  0.211
- 2.0 (1.1) 431 3.3 (1.5) 409 2.2 (1.0) 481 1.0 (0.9) 512 29.2 (6.6) 818
Infectious
+ 2.2 (1.0 184  0.031 3.7 (1.5) 185  0.167 2.5(0.9) 236 0.002%* 1.4 (0.8) 257 0.016 28.8 (6.0) 475 0311
- 2.0 (1.1) 329 3.5(1.5) 312 2.3 (1.0) 396 1.2 (0.9) 433 29.1 (6.7) 773
Autoimmune or inflammatory
+ 2.1 (1.0 22 0.831 3.6 (1.4) 23 0.925 1.9 (1.2) 19 0.057 1.4 (0.9) 33 0.288 30.2 (6.2) 53  0.188
- 2.1 (1.0) 491 3.6 (1.5) 474 2.4 (1.0) 613 1.3 (0.9) 657 29.0 (6.3) 1195
Any immune comorbidity
+ 2.2 (1.0 222 0.033 3.6 (1.5) 220 0.392 2.5(0.9) 272 0.020 1.3 (0.9) 307  0.025 28.9 (6.1) 558  0.378
- 2.0 (1.1) 291 3.5(1.5) 277 2.3 (1.0) 360 1.2 (0.9) 383 29.2 (6.5) 690

Factor structure of OCD symptoms assessed by the YBOCS Symptom Checklist. Symptom checklist and YBOCS score based on worst episode.

?Only conditions with at least 10 affected individuals completing the symptom checklist were included. All conditions were grouped into “infections,
comorbidity” categories.

®p-value for continuous variables reflects two-sided Student’s r-test.

“There was a significant difference in age at OCD onset for patients with tic disorder (9.1 [3.2] vs. 10.2 [3.7] years, n= 1380, p<0.001) and asthma (9.7 [3.2] vs. 10.6 [3.5] years, n=946, p=0.001), but not other
comorbidities.

*p <0.05, remains significant with Bonferroni correction (¢=0.05, n=38).

YBOCS, Yale-Brown Obsessive Compulsive Scale; SD, standard deviation; OCD, obsessive compulsive disorder.
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SUPPLEMENTARY TABLE S4. ASSOCIATED IMMUNE-RELATED COMORBIDITIES AMONG PROBANDS

Associated Cases Total Proportion
Medical comorbidity (A) comorbidity (B) (A) (B) (A/B) % RR (CI)* n
Infectious
Throat/ear infections Scarlet fever 29 489 5.9 1.5 (1.2-2.0) 1371
Rheumatic fever 5 490 1.0 2.3 (1.6-3.4) 1371
Asthma 82 336 244 1.6 (1.3-1.9) 951
Scarlet fever Throat/ear infections 29 55 52.7 2.0 (1.2-3.4) 1371
Rheumatic fever 3 54 5.6 10.0 (3.9-25.4) 1367
Autoimmune
Rheumatic fever Throat/ear infections 5 6 83.3 9.0 (1.1-76.7) 1371
Scarlet fever 3 8 37.5 14.6 (3.6-59.5) 1367
IBD 1 3 333 46.7 (4.6-473.8) 943
SLE Rheumatoid arthritis 1 3 333 46.8 (4.6-474.8) 945
Rheumatoid arthritis SLE 1 10 10 34.9 (6.2-196.2) 945
Psoriasis 2 10 20 11.6 (2.6-51.1) 946
Multiple sclerosis Psoriasis 1 2 50 44.3 (2.9-684.4) 951
Inflammatory
Psoriasis Rheumatoid arthritis 2 20 10 10.4 (2.8-39.0) 946
Multiple sclerosis 1 21 4.8 23.7 (5.6-101.4) 951
Asthma 8 21 38.1 3.0 (1.3-7.1) 950
IBD Rheumatic fever 1 10 10 34.8 (6.2-195.9) 943
Atopic
Asthma Throat/ear infections 82 163 50 1.9 (1.4-2.4) 951
Psoriasis 8 162 4.9 2.3 (1.3-4.0) 950

Associations between immune-related comorbidities were determined by comparing the prevalence of comorbidity B among patients with comorbidity
A compared with those without. Significant associations were identified by two-way comparisons using Chi-square tests with Bonferonni correction
within each comorbidity. Corresponding relative risk is shown for significant associations (n=9/45 pairwise comparisons).

RR, relative risk of comorbidity B in patients with comorbidity A.

CI, 95% confidence interval; IBD, inflammatory bowel disease; SLE, systemic lupus erythematosus.
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