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Risk of Celiac Disease Before and After Nationwide Infant Rotavirus
Vaccination: A Population-Based Study

Maria Ostman’, Lars C. Stene, PhD?, German Tapia, PhD?, Laura Kiveld, MD, PhD?, Kalle Kurppa, MD, PhD*®,
and Ketil Stgrdal, MD, PhD®, The Human Exposomic Determinants of Immune Mediated Diseases
(HEDIMED) Investigator Group

Objective To study the association between rotavirus vaccination and risk of celiac disease, which remains
debated.

Study design We conducted a nationwide register-based study including 740 744 children born during 2007-
2019 from the Norwegian Birth Registry individually linked to the Norwegian Patient Registry for celiac disease
diagnosis. With follow-up until 5 years of age, 2795 were diagnosed with celiac disease. The main analysis was
an interrupted time series analysis to assess break in trend of celiac disease incidence before compared with after
vaccine introduction in September 2014. Furthermore, we linked the cohort to the Norwegian Immunization
Register and compared the risk of celiac disease between fully vaccinated and nonvaccinated children. In sensi-
tivity analyses, we excluded children born 1 year before to 1 year after vaccine introduction to mitigate the effect
of herd immunity.

Results There was no significant break in trend after rotavirus vaccine introduction (P = .46). Hazard ratio (HR) of
celiac disease was 0.96 (95% CI 0.89-1.04) if born after compared with before vaccination started, and 1.00 (95% CI
0.92-1.09) when excluding children born in 2013-2015. In fully vaccinated compared with nonvaccinated the HR
was 0.99 (95% CI1 0.92-1.07), consistent in robustness analyses. Including a requirement for gluten-free diet support
in the celiac disease case definition gave similar results (HR 1.06, 95% CI 0.98-1.15).

Conclusions This study did not find an association between rotavirus vaccine and the risk of early-onset celiac
disease. (J Pediatr 2026;290:114938).

eliac disease is an immune-mediated disease driven by reactions to gluten peptides. Celiac disease has a well-

characterized genetic predisposition." The rapid increase of celiac disease among other immune-mediated diseases

cannot be explained by genes.” In South-Eastern Norway, the incidence of celiac disease diagnosis before 15 years
of age increased from 15.9 to 45.5 per 100 000 from 2002 to 2010.” Early childhood environmental factors, such as infections
and dietary factors, are suspected to contribute to the increasing incidence.

Rotavirus is the most common virus, causing acute gastroenteritis in children younger than 5 years of age, resulting in both
hospitalizations and deaths.” In the prospective Daisy cohort study, natural rotavirus infection was associated with an increased
risk of celiac disease.” Rotavirus is hypothesized to be involved in the pathogenesis of celiac disease by molecular mimicry be-
tween the VP7 protein in rotavirus and self-antigens.’

The rotavirus vaccine was licensed for global use in 2006.” In Norway, Rotarix is used, a live bovine vaccine that is typically
administered orally at 6 weeks and 3 months of age.” Vaccine coverage in Norway was 89% for 1 dose and 82% for 2 doses the
first 12 months after vaccine introduction (children born September 1, 2014, to August 31, 2015).° The vaccine introduction
resulted in a 76% reduction in hospital admissions attributable to rotavirus
infection in Norwaly,8 similar to reductions seen elsewhere.'’

Previous studies on the association between rotavirus vaccines and celiac disease , I
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studies on type 1 diabetes.'* A randomized controlled trial and
one observational study in a genetic high-risk cohort sug-
gested a lower risk of celiac disease in vaccinated children."”
We aimed to determine whether the introduction of the rota-
virus vaccine is associated with development of celiac disease
in children using a nationwide cohort of Norwegian children.

Study Design and Setting

In this study, we took advantage of the coordinated nation-
wide introduction of the rotavirus vaccine in the childhood
immunization program for infants born in Norway on
September 1, 2014, or later. We used a population-based
cohort including all children born in Norway between
January 1, 2007, and December 31, 2019, followed for a diag-
nosis of celiac disease from January 1, 2008, to December 31,
2024. Data were collected and combined from 4 nationwide
registrys without required consent, which yielded almost
complete coverage: the Medical Birth Registry of Norway,
the Norwegian Patient Registry, Statistics Norway, and the
Norwegian Immunization Registry. The study was approved
by the Regional Committees for Medical Research Ethics,
(REK Ser-@Ost #2013/2114). Because registry data were
used, personal consent was waived by the data protec-
tion authorities.
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Study Participants

From the Medical Birth Registry of Norway,'® we received
data on month and year of birth, vital status, and emigration
status of all children born in Norway between January 1,
2007, and December 31, 2019. These years were chosen to
have comparable groups before and after vaccine introduc-
tion. We excluded children who had died, if the living status
was unknown, or if children were not living permanently in
Norway (Figure 1).

Outcome

The outcome was time from birth to diagnosed celiac disease,
defined as the earliest of 2 or more registrations in the Nor-
wegian Patient Registry'” of International Classification of
Diseases, Tenth Revision (ICD-10) code for celiac disease
(K90.0), approximated to the midcalendar year of diagnosis
because of data privacy issues. To standardize the length of
follow-up for children born before and after the introduction
of the rotavirus vaccine in Norway, follow-up was restricted
to a maximum of 5 years. In Norway, celiac disease in child-
hood is diagnosed by a pediatric gastroenterologist. The Nor-
wegian Patient Registry contains individual information for
all inpatient and outpatient consultations at hospitals and
specialists with a reimbursement contract. Repeated contacts
with diagnostic code K90.0 was previously validated with a
positive predictive value of >93%.'®

Children in the Norwegian Birth
Registry (born 2007-2019):

774 443

Excluded:

33699

Dead: 2472

Children included:

740 744

Parents live abroad: 4 301
Unlikely code: 3
Emigrated: 26 923

Children born before
vaccine introduction:

447 275

Children born after
vaccine introduction:

293 469

Figure 1. Flowchart of included children born in Norway 2007-2019 in a population-based cohort. “We excluded children who
emigrated or died at any point because of lacking information on time of event.
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In a sensitivity analysis, we used an even-stricter definition
of celiac disease, that is, requiring support with a gluten-free
diet.'” A diagnosis of celiac disease in accordance with the
European Society for Paediatric Gastroenterology, Hepatol-
ogy, and Nutrition (ESPGHAN) guidelines has since 2021
been required for such gluten-free diet support.”’ Diet sup-
port data were attained from Statistics Norway.”' The vari-
able for diet support that we received is mainly given, but
not exclusive, for gluten-free diet support. We added data
on gluten-free diet support to the original case definition
for celiac disease by ICD-10 codes. In this sensitivity analysis,
those who received 2 or more ICD-10 codes for celiac disease
in the Norwegian Patient Registry in 2024 were classified as
cases without diet support, since they might not have
received the support if diagnosis was made in 2024.

Exposures

Children born after September 1, 2014, were offered the rota-
virus vaccine in the national immunization program; private
procurement before this date was very limited (Table I). The
rotavirus vaccine and its administration are free of charge for
all children in Norway. Rotavirus vaccination is
recommended but not mandatory. Contraindications can be
the presence of infection, gastrointestinal malformation or
intussusception, allergy to the vaccine, severe combined
immunodeficiency, and premature birth before gestational
age of 27 weeks.”” The first dose is administered no later than
12 weeks of age and the second dose no later than 16 weeks
of age.”

For the main analysis, children born after vaccine intro-
duction were considered exposed. Children born before
and children born after vaccine introduction were assumed
to be roughly equal with respect to background risk factors
when executing the main analysis (Table I). In a secondary
analysis, we included information of number of
administered rotavirus vaccine doses for each child from
the Norwegian Immunization Registry.”” We excluded
children with missing information about vaccination and
children with more than 4 registered doses (Table I).

Other Variables

In the secondary analysis of children who were vaccinated
compared with those who were not, we adjusted for country
of origin (country of birth for parents and grandparents), birth
year, household income, mothers’ education, natal sex, type 1
diabetes before 5 years of age, and health care region of resi-
dence. We regard these variables as possible confounders.
The adjusted variables, except for birth year and type 1 diabetes
(Table I), were provided from Statistics Norway.”'

Statistical Analysis

We used Stata 17 (StataCorp LLC) for data analysis. The
main analysis determined the underlying time trends in the
incidence of celiac disease before and after the introduction
of the rotavirus vaccine. We estimated yearly incidence rates
by birth year and conducted an interrupted time series
analysis using Cox regression to assess whether there was a
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significant break in trend before and after vaccine introduc-
tion.”* This is a formal test of whether the annual percent
change in incidence differed significantly before and after
the vaccine was introduced, accounting for any underlying
log-linear time trends by birth year and is commonly used
for analysis of natural experiments.

In the secondary analyses, we estimated hazard ratios
(HRs) with 95% Cls comparing the hazard rate of celiac dis-
ease after compared with before the introduction of the rota-
virus vaccine with primary 5-year follow-up and secondarily
4- and 6-year follow-up. We additionally included a 7-year
follow-up and excluded children born in 2018 and 2019. In
arobustness analysis with 5-year follow-up, we excluded chil-
dren born in the year of rotavirus vaccination introduction as
well as those born in the year before and in the year after
introduction. This was done to account for the effect of
herd immunity among children close in age around the
year of vaccine introduction.

Furthermore, we estimated HR with 95% CI separately in
fully vaccinated (2 or more doses of Rotarix) and partially
vaccinated (1 dose of Rotarix) compared with nonvaccinated
children, regardless of birth year. With a stricter case defini-
tion, including gluten-free diet support, we also estimated
HR with 95% Cl in children born after compared with before
rotavirus vaccination with 5-year follow up.

Among the total of 740 744 children (Figure 1), we identified
8334 cases with celiac disease (1.13%, median age at diagnosis
6.6 years). Of them, 2795 (34%) were diagnosed before the
age of 5 years. Of children born after rotavirus vaccine
introduction, from September 1, 2014, to December 31,
2019, 92.8% were fully vaccinated (Table I).

Interrupted time series analysis indicated no significant
break in trend for celiac disease after vaccine introduction
(P = .46, Figure 2). The risk of celiac disease was similar in
the cohorts born before and after the introduction of
rotavirus vaccine (HR 0.96, 95% CI 0.89-1.04), also after
excluding children born in 2013 through 2015 (HR 1.00,
95% CI 0.92-1.09). Of included children in the secondary
analysis from the pre- and postvaccination cohort combined,
37% were fully vaccinated, 62% nonvaccinated, and only
1.2% were partially vaccinated (Table I). Only 0.3% of the
children were fully vaccinated before vaccine introduction in
September 2014. HR of celiac disease for fully vaccinated
compared with nonvaccinated was 0.99 (95% CI: 0.92-1.07),
with minimal changes in the adjusted analysis (Table II). HR
of partially vaccinated compared with nonvaccinated was
neither significant in unadjusted nor in adjusted analyses
(Table II). When restricting follow-up time to 4, 6, and
7 years, the HR remained largely similar to the primary
analysis defined by 5-year follow-up (Table III). When
changing case definition including support for a gluten-free
diet (2394 celiac disease cases included) the HR for children
born after compared with before vaccine introduction was
1.06 (95% CI 0.98-1.15).

Risk of Celiac Disease Before and After Nationwide Infant Rotavirus Vaccination: A Population-Based Study 3
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Table I. Characteristics of included children (n = 740 744) born 2007-2019 in a Norwegian population-based cohort

\

Natal sex, No. (%)
Male
Female
Type 1 diabetes, No. (%)
Yes
No

Lowest
Second
Third
Highest

Mother’s education, No. (%)
Primary or lower
Secondary education
Higher education

South-East
West
Mid
North

Country of origin, No. (%)**
African
American
Asian
Norwegian
Oceania
Other European

.

Household income, No. (%)°

Health care region, No. (%)

380636 (51.4%)
360108 (48.6%)

849 (0.1%)
739895 (99.9%)

184773 (25%)
184778 (25%)
184769 (25%)
184771 (25%)

112072 (15.1%)
189815 (25.6%)
424195 (57.3%)

409261
167 461
99735
63724

55.3%)
22.6%)
13.5%)
8.6%)

36483 (4.9%)
25580 (3.5%)
78880 (10.7%)

461804 (62.3%)

1774 (0.2%)

136223 (18.4%)

229540 (51.3%)

151096 (51.5%)

Born before Born after Born after vaccination

Characteristics Overall: vaccination vaccination but nonvaccinated
Number of children, No. (%) 740744 447 275 (60.4%) 293 469 (39.6%) 12586 (1.7%)
Celiac disease, No. (%)*

Yes 2795 (0.4%) 1712 (0.4%) 1083 (0.4%) 32 (0.3%)

No 737949 (99.6%) 445563 (99.6%) 292 386 (99.6%) 12554 (99.7%)
Rotavirus vaccination, No. (%)

Fully vaccinated 273787 (37.0%) 1418 (0.3%) 272 369 (92.8%) 0

Partially vaccinated 8807 (1.2%) 301 (0.1%) 8506 (2.9%) 0

Nonvaccinated 458132 (61.9%) 445546 (99.6%) 12586 (4.3%) 12586 (100%)

6493 (51.6%)

217735 (48.7%) 142373 (48.5%) 6093 (48.4%)
483 (0.1%) 366 (0.1%) 11 (0.1%)
446792 (99.9%) 293103 (99.9%) 12575 (99.9%)
106671 (23.9%) 78102 (26.7%) 4794 (38.3%)
110164 (24.7%) 74614 (25.5%) 3148 (25.1%)
111771 (25.1%) 72998 (24.9%) 2504 (20.0%)
117 646 (26.4%) 67125 (22.9%) 2074 (16.6%)

66622 (15.1%) 45450 (16.0%) 2143 (17.7%)
122 418 (27.7%) 67397 (23.8%) 3248 (26.8%)
253776 (57.3%) 170419 (60.2%) 6723 (55.5%)
246 604 (55.2%) 162657 (55.5%) 7093 (56.5%)
100 967 (22.6%) 66494 (22.7%) 2927 (23.3%)
60363 (13.5%) 39372 (13.4%) 1211 (9.7%)
39161 (8.8%) 24563 (8.4%) 1320 (10.5%)
19004 (4.3%) 17 479 (6.0%) 657 (5.2%)
14622 (3.3%) 10958 (3.7%) 510 (4.1%)
43406 (9.7%) 35474 (12.1%) 1107 (8.8%)
293491 (65.6%) 168 313 (57.4%) 6308 (50.1%)
1020 (0.2%) 754 (0.3%) 38 (0.3%)
75732 (16.9%) 60491 (20.6%) 3966 (31.5%)

J

*Celiac disease at 5 years of follow-up.

tWe excluded 10 children with more than 4 registered rotavirus vaccine doses and 8 with missing vaccination status. Vaccine coverage with two doses was 91.4% already in the full calendar year of
2015, which is greater than reported by Valcarcel Salamanca et al for the first 12 months after introduction September 1, 2014.° Likely because we excluded children that emigrated or died among

others (Figure 1).

FType 1 diabetes at 5 years follow-up defined as at least 1 ICD-10 code E10 in the Norwegian Patient Registry and at least 1 dispensed insulin registration ATC code A10 A in the Norwegian Pre-

scription Database, or first dispensed insulin in 2024 without any ICD-10 code (n = 11). Age at diagnosis was the age at first insulin-dispensing month.

§Household income quartiles. Lowest quartile <312 567 NOK, second quartile 312 567-395 776.7 NOK, third quartile 395 776.7-488 375 NOK, highest quartile >488 375 NOK. Previously described

in Sterdal et al.*
9Norway has 4 health regions determined on the basis of geographic location.

**For children born in Norway, this is the parents’ country of birth. If different country of birth among parents, the mothers’ country of origin is chosen. If both parents are born in Norway the third-
generation’s country of birth is chosen in the following order: mother of the mother, father of the mother, mother of the father, father of the father. Previously described in Stgrdal et al.*°

In this nationwide study in a setting with almost complete
vaccine coverage, we found no significant change in the inci-
dence of celiac disease before age 5 years after introduction of
the rotavirus vaccine into the national child immunization
program. Moreover, there was no relationship between vacci-
nation status and risk of celiac disease.

Our conclusion is supported by a Finnish population—
based study by Vaarala et al, which found no statistically sig-
nificant association between rotavirus vaccination status and
celiac disease with a 4- to 6-year follow-up time."” In addi-
tion, similar to our findings, a population-based cohort study
by Inns et al concluded no significant association.'” This
study had a 7-year follow up. In contrast, a study including
children with increased genetic predisposition for celiac

disease found significantly reduced risk of celiac disease in
a 1- to 4-year follow-up time in children vaccinated for rota-
virus introduced to gluten before 6 months of age.”” In addi-
tion, children randomized to rotavirus vaccine as part of a
vaccine safety trial in Finland demonstrated a lower risk of
celiac disease compared with placebo recipients.'” The
follow-up time was 11 to 14 years. However, celiac disease
diagnosis in the trial was determined on the basis of retro-
spective self-report in a rather low proportion of self-
selected respondents to the questionnaire survey. Hence,
the trial results on celiac disease must be interpreted
with caution.

Previous studies have found that increased frequency of
common infections among children might increase risk of ce-
liac disease.”>*” Also, more specific studies of the frequency
of rotavirus and enterovirus infection have found a positive

Ostman et al
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p=0.46

Celiac disease incidence rate per 100 000 (95% Cl)

Birth year

Figure 2. Incidence rate of celiac disease in 0- to 5-year-old children by year of birth before and after introduction of rotavirus

vaccine in the childhood immunization program in Norway startin
analysis, testing whether the linear time-trend after introduction of

g September 1, 2014. *P value is from interrupted time series
the rotavirus vaccine was significantly different from the linear

time-trend before introduction of the rotavirus vaccine in the childhood vaccination program. Broken lines are the linear trends in
before and after vaccine introduction. Vaccine introduction is shown at the vertical, solid line.

association with celiac disease.”*® Rotavirus vaccine reduces
severe rotavirus infection episodes with gastroenteritis,
which in theory could support a protective effect on celiac
disease in. In addition, children born after 2014 were younger
than 5 years of age when the SARS-CoV-2 epidemic came to
Norway in March 2020. All kindergartens were closed March
13 to April 7, and many kindergarten classes had to be closed
for shorter and longer periods in 2020 and 2021. There were
infection control measures both in the kindergarten and in
the general society, which naturally reduced frequency of in-
fections during this time. However, we did not see significant
change in incidence rate of celiac disease in children under 5-
years of age born after 2014.

Our study has strengths and limitations. The population-
based cohort is nationwide, minimizing selection bias, and

the registers included were complete nationwide registers.
The contrast in rotavirus vaccine coverage before and after
introduction in Norway was high, as seen in our data, which
makes interrupted time series analysis a well-suited method.
The large sample size allowed us to precisely estimate the HR
with narrow Cls, making unlikely the possibility of a relative
difference of more than approximately 10% in incidence of
celiac disease. The proportion of excluded children was quite
small (Figure 1).

Increasing awareness of celiac disease could give an in-
crease in celiac disease diagnoses over time. However, inter-
rupted time series analysis accounts for underlying trends,
either in risk factors or diagnostic activity or criteria, as
long as the changes are gradual. The basic premise of the in-
terrupted time series analysis is to compare the observed time

Norwegian population-based cohort with a 5-year follow-up

Table II. Risk of celiac disease comparing fully vaccinated and partially vaccinated with nonvaccinated children in a

\

No./total Cases
Vaccination statuses 740744 2795 HR (95% CI) Adjusted HR (95% CI)*
Nonvaccinated 458132 1739 1.0 ref. 1.0 ref.!
Partially vaccinated* 8807 24 0.72 (0.48-1.07) 0.82 (0.52-1.29)°
\ Fully vaccinated 273787 1032 0.99 (0.92-1.07) 1.02 (0.82-1.28)7

S

*Adjusted for mothers’ education, household income, country of origin, health care region, natal sex, type 1 diabetes before 5 years of age, and year of birth. In adjusted analysis 2.2% did not have

complete data.
TAdjusted analysis included 724 328 children with 1732 nonvaccinated cases.

FThe main analysis plan was to exclude partially vaccinated, but it did not significantly change the result when including partially vaccinated in multivariable analysis.
§Adjusted analysis included 23 partially vaccinated cases. Unadjusted HR in the same sample was 0.73 (95% Cl 0.48-1.10).

9Adjusted analysis included 1022 fully vaccinated cases. Unadjusted HR in the same sample was 1

.01 (95% CI 0.94-1.09).

||A total of 18 children had missing information on rotavirus vaccination status or were registered with more than 4 doses of the vaccine.

Risk of Celiac Disease Before and After Nationwide Infant Rotavirus Vaccination: A Population-Based Study
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introduction of rotavirus vaccine

-
Table III. Sensitivity analyses estimating hazard ratio with 95% CI in children born after compared with before the

\

Analyses

Born after vaccine HR
(95% CI)

Total  Born before vaccine
children introduction (cases) introduction (cases)

Risk of celiac disease if born after compared with before vaccine introduction
with a 5-year follow-up

Risk of celiac disease if born after compared with before vaccine introduction
with a 5-year follow-up excluding children born (2013-2015)

Risk of celiac disease if born after compared with before vaccine introduction
with a 4-year follow-up

Risk of celiac disease if born after compared with before vaccine introduction
with a 6-year follow-up

Risk of celiac disease if born after compared with before vaccine introduction
with a 7-year follow-up excluding children born in 2018 and 2019

Risk of celiac disease if born after compared with before vaccine introduction

with a 5-year follow-up including gluten-free diet reimbursement in case definition

740744 1712 1083 0.96 (0.89-1.04)
571056 1344 842 1.00 (0.92-1.09)
740744 1203 743 0.94 (0.86-1.03)
740744 2265 1418 0.98 (0.92-1.05)
633320 2842 1217 1.03 (0.96-1.10)
740744 1412 982 1.06 (0.98-1.15)

trend after the introduction of the rotavirus vaccine with that
expected from the projection of the time trends before the
introduction of the rotavirus vaccine.”* Even if such an
increasing time trend was due to a gradual increase in diag-
nostic activity with no change in risk factor distributions
over time, the test would be valid. However, the observed
time trend in the “before” period was relatively stable.
Furthermore, there was no change in recommendations
regarding infant feeding, other vaccines or celiac disease
screening policies during the studied time period and we
consider this highly unlikely to suddenly apply only to the
birth cohorts born after September 1, 2014, and not those
born just before. Moreover, demographic changes on a pop-
ulation level tend to proceed slowly.”* Children had the diag-
nosis of celiac disease before 2012 were diagnosed with a
small-bowel biopsy according to the ESPGHAN 1991
criteria.”” Children who had the diagnosis from 2012-2019
were diagnosed according to the ESPGHAN 2012 criteria™
and children diagnosed in 2020 and later were diagnosed ac-
cording to ESPGHAN 2020 criteria.”" These revised criteria
mainly permit a diagnosis without biopsy in children whose
antibody level was >10 times the upper limit of normal.
Formerly, these children would have undergone a biopsy as
a confirmatory test. The overlap between biopsy results and
confirmatory antibody tests is >95%.”"’" The use of ES-
PGHAN 2012 and 2020 guidelines would not likely result
in any changes in disease incidence, only in the fraction
with biopsy-verified diagnosis.

The SARS-CoV-2 pandemic could in theory have affected
health-seeking behavior negatively. However, diagnostic
evaluations for celiac disease were not shut down during
the pandemic in Norway. We noticed more variation in celiac
disease incidence rate in the postvaccination cohort than in
the pre-vaccination cohort, with no obvious explanation.

We required at least 2 entries in the Norwegian Patient
Registry of the celiac disease ICD-10 code (K90.0) for our
definition of celiac disease, although some degree of misclas-
sification may still occur.'® However, access to data regarding
diet support strengthened the case definition, since celiac

6

disease diagnosis according to the ESPGHAN guidelines is
a prerequisite for getting this support. Also, celiac disease
might still be undetected or the diagnosis delayed. There
are no available population-screening studies of children in
Norway, but 2 recent population-screening studies found a
celiac disease prevalence of 1.5% in Norwegian adults; a sig-
nificant proportion of these were previously undetected.”*”’
We found a incidence proportion of 1.13% in the current
study and there are likely some undiagnosed cases. However,
the stable incidence of celiac disease does not support any
substantial change in the proportion of undiagnosed children
during the study period.

In a study by Beirnes et al the median age of celiac disease
was 6.3 years in 2000-2002 and 7.0 years in 2008-2010 with a
15-year follow up in South-Eastern Norway.” Strong genetic
predisposition for celiac disease may affect an earlier diag-
nosis,”* suggesting lower impact of environmental factors.
Our short follow-up time limited the number of celiac disease
cases, and a longer follow-up time would have increased the
power and generalizability beyond celiac disease diagnosed
early in life. However, expanding analysis of follow-up to
7 years did not significantly alter the result. We unfortunately
lacked information about health-seeking behavior, which is a
variable for which Inns et al were able to adjust.'”

If natural rotavirus infection is positively associated with ce-
liac disease as previously studied,” reducing severe rotavirus
gastroenteritis could in theory protect against celiac disease.
Unfortunately, we did not have information about time and
frequency of rotavirus infection. However, there is seen a ma-
jor reduction in acute gastroenteritis hospital admission after
vaccine introduction in Norway.® Even children born before
vaccine introduction had a lower rate of acute gastroenteritis
hospitalizations after September 1, 2014, in the study by
Bruun et al, indicating herd immunity from vaccinated
younger children across age groups.® If severe rotavirus infec-
tions after the first 2 years of life is influencing the risk of celiac
disease, such a herd immunity effect would tend to diminish
any differences between cohorts born right before and right af-
ter vaccine introduction. However, excluding children born

Ostman et al
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2013-2015 did not materially change the result. Furthermore,
nonvaccinated children born after September 1, 2014, will be
protected against infection by vaccinated children, which in-
creases the difference in number of severely rotavirus infected
children in the prevaccine cohort compared with the postvac-
cine cohort. All together our analyses suggest there was no
protective effect on celiac disease of reducing severe natural
rotavirus infections by rotavirus vaccination.

There are currently 4 rotavirus vaccines prequalified and
recommended by the World Health Organization.”” All
live, mucosal vaccines are given orally. In our study only Ro-
tarix was used, which might theoretically limit the generaliz-
ability. The rotavirus vaccines mimics a mild natural
rotavirus infection and replicates in the intestine without giv-
ing symptoms of severe gastroenteritis.”> The vaccines could
in theory increase risk of celiac disease if mild rotavirus infec-
tions were positively associated with celiac disease’® due to its
mechanism of action and the fact that children might still
experience mild rotavirus infections.”” Rotavirus vaccine,
however, does not seem to increase the risk of celiac disease,
which should be reassuring because of its clear benefits in
reducing severe infections. This study indicated that the vac-
cine is safe in regards to early-onset celiac disease and does
not support the hypothesis that a reduction of severe rota-
virus infections, as a result of vaccination, reduce the risk
of celiac disease. More studies on this topic in different set-
tings are needed, as well as studies on rotavirus infection
and association with celiac disease. B
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