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Abstract

IMPORTANCE—A genetic polymorphism affecting FUTZ2 secretor status in approximately one-
quarter of humans of European descent affects the expression of histo-blood group antigens on the
mucosal epithelia of human respiratory, genitourinary, and digestive tracts. These histo-blood
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group antigens serve as host receptor sites necessary for attachment and infection of some
pathogens, including norovirus.

OBJECTIVE—We investigated whether an association exists between FUTZ2 secretor status and
laboratory-confirmed rotavirus infections in US children.

DESIGN, SETTING, AND PARTICIPANTS—Multicenter case-control observational study
involving active surveillance at 6 US pediatric medical institutions in the inpatient and emergency
department clinical settings. We enrolled 1564 children younger than 5 years with acute
gastroenteritis (diarrhea and/or vomiting) and 818 healthy controls frequency matched by age and
month, from December 1, 2011, through March 31, 2013.

MAIN OUTCOMES AND MEASURES—Paired fecal-saliva specimens were tested for
rotavirus and for secretor status. Comparisons were made between rotavirus test—positive cases
and healthy controls stratified by ethnicity and vaccination status. Adjusted multivariable analyses
assessed the preventive association of secretor status against severe rotavirus gastroenteritis.

RESULTS—One (0.5%) of 189 rotavirus test—positive cases was a nonsecretor, compared with
188 (23%) of 818 healthy control participants (P < .001). Healthy control participants of Hispanic
ethnicity were significantly less likely to be nonsecretors (13%) compared with healthy children
who were not of Hispanic ethnicity (25%) (£ < .001). After controlling for vaccination and other
factors, children with the nonsecretor FU72 polymorphism appeared statistically protected (98%
[95% CI, 84%-100%]) against severe rotavirus gastroenteritis.

CONCLUSIONS AND RELEVANCE—Severe rotavirus gastroenteritis was virtually absent
among US children who had a genetic polymorphism that inactivates FUT72 expression on the
intestinal epithelium. We observed a strong epidemiologic association among children with
rotavirus gastroenteritis compared with healthy control participants. The exact cellular mechanism
behind this epidemiologic association remains unclear, but evidence suggests that it may be
rotavirus genotype specific. The lower prevalence of nonsecretors among Hispanic children may
translate to an enhanced burden of rotavirus gastroenteritis among this group. Our findings may
have bearing on our full understanding of rotavirus infections and the effects of vaccination in
diverse populations.

Histo-blood group antigens (HBGAS) are carbohydrates expressed on the mucosal epithelia
of human respiratory, genitourinary, and digestive tracts that serve as host receptor sites
necessary for bacterial or viral attachment and cellular entry and, therefore, infection. Their
production is encoded by gene families expressing the ABO (A/B enzymes), secretor (a
[1,2]-fucosyltransferase 2, or FUT2), and Lewis-type (FUT3) antigens. Single-nucleotide
polymorphisms (SNPs) can inactivate the expression of these products. Individuals with
genetically inactivated FUTZ2 production are termed nonsecretors (eFigure 1 in the
Supplement).

Relationships between HBGA functionality and enteric infections have been suggested for
norovirus,X Helicobacter pylori? and cholera, but this relationship is less well described for
rotavirus infections. Correlations between rotavirus infections and secretor status have been
observed in Vietnamese* and French® children hospitalized with acute gastroenteritis (AGE),
each with nearly perfect correlation between HGBA polymorphisms and the absence of
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rotavirus gastroenteritis, but evidence from US children is lacking. Rotaviruses of P[8] type
(viral protein, VP-4) have been demonstrated to exclusively infect children of Lewis-positive
and secretor phenotypes in Burkina Faso and Nicaragua; these findings support the
important effect of both FUT2and Lewis type on rotavirus susceptibility. Therefore, we
sought to determine the robustness and generalizability of an association between FUT2
secretor/nonsecretor status and laboratory-confirmed rotavirus infections in an ethnically
diverse, large sample of US children under active surveillance for AGE, compared with
healthy controls.

The New Vaccine Surveillance Network’8 is a multisite, active prospective surveillance
system of US medical institutions. We included specimens and data from the following
geographically diverse medical institutions: Vanderbilt University Medical Center
(Nashville, Tennessee), the University of Rochester Medical Center (Rochester, New York),
Cincinnati Children’s Hospital Medical Center (Cincinnati, Ohio), Seattle Children’s
Hospital (Seattle, Washington), Texas Children’s Hospital (Houston), and Children’s Mercy
Hospitals and Clinics (Kansas City, Missouri). Institutional review board approvals were
obtained from the CDC and from each study site. Written consent was obtained from the
parent or guardian of each enrolled child at the time of enroliment.

Children between 15 days and 5 years of age who were hospitalized or visited the
emergency department with AGE (diarrhea [=3 episodes within 24 hours] and/or vomiting
[=1 episode within 24 hours]) were enrolled during a 16-month period from December 1,
2011, through March 31, 2013. Children were ineligible if they had a history of
immunodeficiency, were previously enrolled for the same AGE episode within 3 days, or
were transferred from another hospital.

Healthy controls between 15 days and 5 years of age were enrolled during scheduled well-
child visits at the medical institution—affiliated clinics. They were excluded if they had
diarrhea or vomiting within 14 days of enroliment, immunodeficiency, or symptoms of acute
respiratory infection in the 3 days prior to enrollment. We used a frequency-matched
enrollment strategy, actively attempting to enroll healthy children each month in a
proportion similar to the age and seasonality of our study participants with AGE.

Data Collection

Demographic and clinical information were collected for each enrolled child in the AGE and
healthy control groups. Medical records and rotavirus vaccination data were reviewed from
health care institutions and electronic vaccine registries.

Rotavirus Laboratory Testing

Fecal samples were obtained within 14 days of symptom onset, with 94% of specimens
obtained within 7 days. Testing for rotavirus was performed using the commercial enzyme
immunoassay Rotaclone (Meridian Bioscience) at each surveillance site. Rotavirus strains
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were characterized by genotyping using reverse transcription polymerase chain reaction (RT-
PCR) and nucleotide sequencing at the Centers for Disease Control and Prevention
(CDC).%12 specimens without rotavirus amplification by RT-PCR were retested by enzyme
immunoassay at the CDC to confirm positive results.

FUT2 Genotyping

Paired saliva samples were obtained for each enrolled participant in the AGE and healthy
control groups at the time of enrollment using Oragene-Dx-575 assisted saliva collection and
DNA stabilization kits (DNA Genotek).

Human DNA from saliva was genotyped using both RT-PCR and the Immunochip (Illumina
Infinium).23 The Immunochip was selected for its coverage of the FU72 locus. Following
Illumina protocols, samples having SNPs with call rates above 95% were retained. All
samples with incomplete Immunochip analysis, as well as 10% of the overall sample to
ensure quality control, were analyzed at the FUT2428 position using RT-PCR (TagMan,
Life Technologies).

Samples were checked for agreement with self-identified sex and autosomal heterozygosity
less than 0.4. FUT2 SNPs rs601338 (428G>A nonsense mutation) and rs1800030 (rare
849G>A nonsense mutation) were directly genotyped from the Immunochip. Additional
nonsecretor mutations 385 G and 571C>T were imputed from Immunochip data using the
program IMPUTE?2 to calculate the genotype of unobserved SNPs with greater than 0.9
probability. IMPUTE2 compares highly associated observed SNPs to a database of
haplotypes constructed from the 1000 Genomes Project.14

Statistical Analysis

Results

Categorical comparisons between secretor and nonsecretor results for rotavirus test—positive
and healthy control participants, as well as bivariate analyses with rotavirus test-negative
participants, were conducted by y2 and Fisher exact test. Logistic regression models were
performed on participants with AGE to generate adjusted, multivariable estimates for the
effect of secretor status on severe rotavirus gastroenteritis accounting for rotavirus
vaccination, age, ethnicity, and health insurance status as a proxy for socioeconomic status.
Any enrolled children were excluded from these analyses if they did not have a rotavirus test
result, secretor status test results, or documented race/ethnicity, rotavirus vaccination, or
insurance data. Rotavirus vaccination effectiveness analyses included a full course of both
licensed rotavirus vaccines, RotaTeq (RV5; Merck and Company) and Rotarix (RV1;
GlaxoSmithKline Biologicals).

A total of 1564 children with AGE in the inpatient or emergency department clinical
settings, and 818 healthy controls, were enrolled with paired fecal-saliva specimens from
December 1, 2011, through March 31, 2013. Forty-eight rotavirus test—positive cases were
enrolled from December 1, 2011, through November 30, 2012, and 141 rotavirus test—
positive cases were enrolled from December 1, 2012, through March 31, 2013 (eFigure 2 in
the Supplement).

JAMA Pediatr. Author manuscript; available in PMC 2016 May 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Payne et al.

Page 5

The median age of children with AGE was 16 months, compared with 12 months for healthy
controls (P< .001). A greater proportion of Hispanic children was observed among the
participants with AGE (29%) compared with healthy controls (18%) (P < .001), and
differences by insurance status occurred between these groups (P=.03) (Table 1). The
FUTZ2 genotype frequency in healthy controls was similar to the known expected population
value for persons of European descent of approximately 25%, and this frequency is static.1°
None of the healthy controls tested positive for rotavirus.

Of the 189 rotavirus test—positive cases, 188 (99%) were characterized as secretors, and 1
(0.5%) was a nonsecretor. In comparison, 630 (77%) of the 818 healthy controls were
secretors and 188 (23%) were nonsecretors (P < .001). Nonsecretors were less frequent
among healthy controls characterized as being of Hispanic ethnicity (13%) compared with
non-Hispanic children (25%) (P < .001) (Table 2).

The rotavirus genotype proportions among the 188 rotavirus test—positive secretors were
G12,P[8] (72%), G3,P[8] (16%), and G2,P[4] (9%), with G9,P[8], G2,P[NT], and G1,P[8]
representing 1% each. The single nonsecretor rotavirus-positive case among these
vaccinated children was typed a G3,P[8] rotavirus (Figure).

Among the 1214 children with AGE further stratified by having received any dose of
rotavirus vaccine, a statistically significant difference in secretor status was observed by
rotavirus test result: nonsecretors made up 1% of the rotavirus test—positive vaccinees
compared with rotavirus test—negative participants (18%) who received any dose of rotavirus
vaccine (P<.001) (Table 3).

Last, we conducted a multivariable analysis for the rotavirus test—positive and rotavirus AGE
test—negative participants, adjusted for participant secretor status, rotavirus vaccination
status, age group, ethnicity, and insurance status. We found that the nonsecretor FUT2
polymorphism was associated with 98% protection (95% CI, 84%-100%) against
hospitalized and emergency department-attended rotavirus gastroenteritis. Using the same
adjusted methodology in this sample, we estimated rotavirus vaccination effectiveness at
77% (95% Cl, 66%—-84%).

Discussion

In our large, ethnically diverse US sample of 1564 participants with AGE and 818 healthy
controls, just 1 (0.5%) of the 189 rotavirus test—positive patients was classified as a FUT2
nonsecretor, compared with 23% of the healthy controls. This significant epidemiological
association suggests that nonsecretors who do not express functional FU72 on their
intestinal mucosal epithelium appear to be innately protected from rotavirus infection. Our
epidemiologic findings are consistent with similar associations reported from 4
continents, %= and we provide, to our knowledge, the first evidence through an adjusted,
multivariable analysis that children with the nonsecretor phenotype had a statistically
significant degree of protection (98%) against severe rotavirus gastroenteritis that was even
greater than that afforded by a complete course of rotavirus vaccination.
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Molecular evidence suggests that the viral protein 8 (VVP-8) distal region of human rotavirus
spike proteins recognizes HBGAs!® and that this binding pattern may be specific by
rotavirus VP-4 type,1” and the implication that secretors are susceptible to genotype P[8]
infection but nonsecretors are not. For our US participants, as well as those from
Nicaragua,® Burkina Faso,® and Vietnam,# among whom rotavirus P[8] infections were
virtually absent among nonsecretors, these findings have potential effects on our
understandings of rotavirus immunity, evolution, and genotypic predominance.

Indeed, an analogous host-pathogen association is acknowledged between FUTZ2 secretor
status and norovirus infection,18:19 and this epidemiologic relationship also appears to be
norovirus genotype specific.20 This relationship is so well recognized for norovirus that
challenge studies routinely screen for nonsecretor status among volunteers2! who appear to
lack innate susceptibility to norovirus infection. As recently suggested for norovirus, 22 it is
possible that interactions with other HBGA-expressing commensal enteric modalities are
involved.23

Interestingly, children of Hispanic ethnicity in our US sample were significantly less likely
to be nonsecretors (13%) compared with non-Hispanic children (25%), consistent with
previous observations of Central American children.24 Therefore, our epidemiological
association potentially indicates enhanced rotavirus gastroenteritis infection risk among
Hispanic children compared with non- Hispanic children. This is substantiated by studies
conducted prior to rotavirus vaccine licensure, which illustrate a higher burden of rotavirus
among Hispanic or Native American populations, particularly among young age groups.25:26
Historically, such findings have been explained as stemming from the influences of lower
socioeconomic status. Whereas socioeconomic status and other related factors remain
important, genetics may also influence differential rates of severe rotavirus gastroenteritis by
Hispanic ethnicity.

Nordgren et al® hypothesized that these genetic characteristics could help explain differential
immunologic responses to the VP-4 vaccine component of both live, attenuated rotavirus
vaccines. Our US data did not provide a sufficient non-P[8] sample to ascertain whether this
is accurate. However, published clinical trial results in 11 Latin American countries and
Finland suggested lower vaccine protection against a non-P[8] rotavirus strain, G2,P[4].27 In
addition, in a Nicaraguan postlicensure evaluation, wherein 85% of the rotavirus test—
positive participants had G2,P[4] strains, a lower overall vaccination effectiveness was
observed compared with the vaccine efficacy demonstrated in highly developed countries.?8
On the other hand, vaccine effectiveness in a less-developed region of Mexico during a
G9,P[4] outbreak was comparable to that in other middle-income settings.2® Of note, large
reductions in postlicensure rotavirus gastroenteritis hospitalizations and mortality have been
observed among Latin American children.39 Efforts to protect children of Hispanic ethnicity
via rotavirus vaccination will likely continue to have positive effects, as US postlicensure
rotavirus vaccination effectiveness assessments show both vaccines to perform well among
children of Hispanic and non-Hispanic ethnicity.31:32

Our study is limited by a lack of Lewis-type characterization, which has been hypothesized
to play a further role in this association. In addition, some differences in age between
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participants with rotavirus and healthy controls persisted, despite our attempt to limit
selection bias by frequency matching our healthy controls by age and month in a proportion
similar to that of our case enrollment.

Conclusions

Our analysis of a large sample of US children with AGE compared with healthy controls
demonstrates an epidemiological association between secretor status and laboratory
confirmed rotavirus gastroenteritis, which is notably disproportionate by Hispanic ethnicity.
The adjusted effect of the nonsecretor FU72 polymorphism on protection against rotavirus
gastroenteritis is even greater than the effect from rotavirus vaccination. Practical public
health and epidemiological implications of these results include fostering improved
explanations of disease burden for diverse populations, inspiring novel therapeutic
developments designed to block HBGA binding sites,33 the development of better-informed
rotavirus transmission modeling, and the contribution to a more complete epidemiological
understanding of rotavirus infection susceptibility and prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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At a Glance

We investigated whether an association exists between a FUT2 genetic
polymorphism affecting the expression of histo-blood group antigens on the
intestinal epithelia and laboratory-confirmed rotavirus infections in US children.

Of 1564 children younger than 5 years with acute gastroenteritis, we confirmed
that just 1 (0.5%) of 189 rotavirus test—positive cases was a nonsecretor,
compared with 188 (23%) of 818 healthy controls (P < .001).

Healthy control participants of Hispanic ethnicity were significantly less likely
to be nonsecretors (13%) compared with healthy children who were not of
Hispanic ethnicity (25%) (P< .001).

Severe rotavirus gastroenteritis was virtually absent among US children who had
a genetic polymorphism that inactivates FU72 expression on the intestinal
epithelium.

The lower prevalence of nonsecretors among Hispanic children may translate to
an enhanced burden of rotavirus gastroenteritis among individuals of this
ethnicity.
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Distribution of Rotavirus Genotypes Among 188 Secretors
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Descriptive Comparison of Participants With Acute Gastroenteritis and Healthy Controls?

Table 1

No. (%)

Characteristic Acute Gastroenteritis (n = 1564)  Healthy Controls (n = 818) 2 P Value
Age (median), mo 16 12 <0010
Sex

Male 838 (54) 421 (51)

.33

Female 726 (46) 397 (49)
Race/ethnicity

White, non-Hispanic 416 (27) 225 (28)

Black, non-Hispanic 548 (35) 364 (45)

<.001

Hispanic 450 (29) 145 (18)

Other 150 (10) 84 (10)
Insurance

Public 1224 (78) 625 (76)

Private 283 (18) 175 (21) .03

None 57 (4) 18 (2)
Study site

Nashville 348 (22) 155 (19)

Rochester 58 (4) 58 (7)

Cincinnati 330 (21) 208 (25)

<.001

Seattle 97 (6) 51 (6)

Houston 185 (12) 106 (13)

Kansas City 546 (35) 240 (29)

a . .
Data are reported as number (percentage) unless otherwise specified.

b .
Wilcoxon 2-sample test.
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Table 2
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Nonsecretors by Hispanic Ethnicity Among Rotavirus Test—Positive Cases With Acute Gastroenteritis and
Healthy Controls

Nonsecretors, Proportion (%)
Ethnicity Cases Controls  Fisher Exact P Value
Non-Hispanic ~ 1/128 (1) 169/673 (25) <.001
Hispanic 0/61 19/145 (13) .001
Total 1/189 (1) 188/818 (23) <.001
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Secretor Status Among Rotavirus-Vaccinated Patients With Acute Gastroenteritis

Table 3

No. (%)
Patients Secretor  Nonsecretor P Value
Rotavirus positive (n = 110) 109 (99) 1(1)
<.001
Rotavirus negative (n = 1104) 905 (82) 199 (18)
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