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Norovirus infection causing acute gastroenteritis could lead to
adverse effects on the gut microbiome. We assessed the associ-
ation of microbiome diversity with norovirus infection and se-
cretor status in patients from Veterans Affairs medical centers.
Alpha diversity metrics were lower among patients with acute
gastroenteritis but were similar for other comparisons.
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The human digestive tract is populated by a diverse array of
bacterial species, though these are highly variable, differing
with diet, geography, and genetics [1-4]. Dysbioses in the gut
microbiome have been associated with a wide range of chronic
and infectious diseases [3, 5, 6].

Norovirus causes 19-21 million cases of acute gastroenter-
itis (AGE) in the United States annually [7], with persons >65
years of age at greatest risk for norovirus-associated deaths
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[8]. Norovirus infection can cause diarrhea and vomiting,
disrupting the intestinal environment and reducing gut
microbiome diversity [9, 10]. Additionally, the microbiome
may offer protection against symptoms of norovirus infection
[11]. Further examination of the association between norovirus
and the microbiome could explain differences between sympto-
matic and asymptomatically infected individuals.

Host genetics may also affect microbiome diversity [4].
Individuals with a functional fucosyltransferase-2 (FUT2) gene
have histo-blood group antigens (HBGAs) present in the mucosa
of the gut and are known as “secretors” [12]. Gut microbiome
diversity and composition may differ between secretors and
nonsecretors [13-15] or may not [16, 17]. Susceptibility to no-
rovirus infection is strongly associated with secretor status, with
nonsecretors being resistant to some norovirus genotypes [12,
18, 19]. Noroviruses use HBGAs as attachment factors for cel-
lular entry, though the exact mechanism is unknown [20, 21].

To date, few studies have examined the complex relation-
ships between secretor status, norovirus infection, and the
microbiome. Due to the increased risk of norovirus-associated
morbidity and mortality in the older adult population and ad-
verse effects of potential microbiome disruptions, further ex-
ploration of these relationships in this population is needed.

The ongoing SUrveillance Platform for Enteric and
Respiratory iNfectious Organisms in the VA (SUPERNOVA)
is a collaboration between Emory University, the Centers for
Disease Control and Prevention, and Department of Veterans
Affairs Medical Centers (VAMCs) in Atlanta, Georgia,
Houston, Texas, Bronx, New York, Los Angeles, California,
and Palo Alto, California. We analyzed the microbiomes of
100 SUPERNOVA patients to assess differences in microbiome
diversity by recent norovirus infection and secretor status.
Additional analyses explored diversity by recent AGE symp-
toms and microbiome composition between norovirus and

secretor status groups.

METHODS

Recruitment into the SUPERNOVA study has been described
elsewhere [22]. In brief, individuals were enrolled as cases in
the SUPERNOVA study if they met the definition for AGE
(Supplementary Methods) when presenting as outpatients or
when hospitalized at participating VAMCs (Atlanta, Houston,
Bronx, and Los Angeles). Controls without AGE presented to
the same VAMC with an admission or outpatient visit date
within a week of a matched case.

Patients provided stool and saliva samples within 10 days of
symptom onset (cases) or enrollment (controls). All stool speci-
mens were tested using the BioFire FilmArray Gastrointestinal
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Panel for 22 pathogens [22]. Saliva samples were tested for se-
cretor status using established methods [23].

For our analysis, we sampled 51 norovirus-positive patients
and 49 norovirus-negative patients enrolled between December
1, 2016, and December 31, 2017. The 49 norovirus-negative
patients included both AGE cases and non-AGE controls, al-
lowing microbiome comparisons that assessed differences be-
tween norovirus AGE and non-norovirus AGE as well as the
combined effect of norovirus and AGE together. Stool speci-
mens were sequenced and analyzed using established methods
(Supplementary Methods) [24-26].

Microbiome diversity was assessed through sample rich-
ness (total number of amplicon sequence variants [ASVs])
and using the Shannon diversity index [27]. Statistical analyses
were performed using R, version 4.0.4 [28], including the pack-
ages “phyloseq” [29], “vegan” [30], and “ldm” [31]. ASV counts
within each sample were normalized to the median number of
total reads per sample (97 183). Due to the limited sample size,
we chose not to statistically compare diversity metrics using P
values.

To examine differences in overall microbiome composition
(ie, which specific genera are in a sample) between groups,
we used ordination by nonmetric multidimensional scaling
(NMDS) based on Bray-Curtis distances using only genera that
accounted for at least 10% of reads in a sample. One patient
was excluded from all ordination analyses due to having <1000
reads and <1% of median reads.

To evaluate the impact of the separate and combined effects
of secretor status, norovirus infection, and AGE on microbiome
composition, we constructed linear decomposition models
(LDMs) [31]. Separate models for each variable of interest were
run as well as combined models including age (in years) and
anti-infective drug use as confounders, giving P values of asso-
ciations for each variable with microbiome composition. Recent
anti-infective medication use was a binary variable defined as
any inpatient or outpatient prescription dispensed in VA re-
cords for specific drug classes in the 3 months before stool col-
lection (Supplementary Table 5).

RESULTS

Participant Characteristics

Specimens from 100 enrolled patients were selected for the
microbiome analysis from the SUPERNOVA surveillance
system. Fifty-one norovirus-positive patients and 49 norovirus-
negative patients were included, with norovirus-negative pa-
tients selected based on secretor status and AGE symptoms. A
majority of norovirus-positive patients were secretors (45/51;
88%). Norovirus-positive patients had a lower average age
compared with norovirus-negative patients in the study (55.7
years vs 60.6). Nearly all norovirus-positive patients had AGE
symptoms (48/51; 94%), and 12 (24%) had other AGE patho-
gens detected (Supplementary Table 1). The most common

capsid genotype among norovirus-positive patients was GII.4
(20/51; 39%), though not all norovirus-positive samples were
genotyped.

Among norovirus-negative patients with AGE, 16/23 (70 %)
did not have pathogens detected on BioFire. Other detected
pathogens included C. difficile (2 patients), Rotavirus, Shigella,
multiple pathogens (2 patients), and 1 inconclusive result. Three
norovirus-negative patients without AGE had pathogens de-
tected, including C. difficile, enteropathogenic E. coli, and mul-
tiple pathogens (1 patient each).

Recent AGE lliness Associated With Reduced Microbiome Diversity
Across all samples, secretors had a lower mean richness
compared with nonsecretors, with a mean number of de-
tected ASVs of 224.6 among secretors and 247.7 among
nonsecretors (Figure 1; Supplementary Table 2). Mean rich-
ness was similar between norovirus-positive secretors and
norovirus-positive nonsecretors, with 228.1 and 223.3 ASVs,
respectively. Shannon indices were similar in all comparisons
(Supplementary Table 3).

Overall, richness and Shannon indices were similar between
patients with and without norovirus (Figure 1; Supplementary
Tables 2 and 3). However, norovirus-positive patients had a
lower richness when compared with norovirus-negative pa-
tients without AGE (227.5 and 268.5, respectively), but higher
when compared with norovirus-negative patients with non-
norovirus AGE (227.5 and 200.3). Shannon diversity indices
had a similar pattern.

Patients with AGE had substantially lower mean richness
(216.2) and alower Shannon index (3.773) than patients without
AGE (270.2 and 4.096, respectively) (Figure 1; Supplementary
Tables 2 and 3). This held true when restricting to norovirus-
negative individuals.

No Differences in Microbiome Composition Seen by Any Variables of
Interest

There were no differences found in microbiome composition
between secretors and nonsecretors via ordination using the
most abundant genera, including when restricting to individ-
uals without AGE (Figure 2A and B). Points representing secre-
tors were slightly more graphically dispersed than nonsecretors,
but there was substantial overlap in the 2 groups. Norovirus-
positive patients had similar microbiome compositions to
norovirus-negative patients on ordination plots (Figure 2C).
Further, overall compositions were similar when comparing
norovirus AGE with non-norovirus AGE (Figure 2D). Patients
with AGE appeared similarly in microbiome composition
to patients without AGE, including when restricting to only
norovirus-negative patients (Figure 2E and F).

Individual LDMs for secretor status, norovirus infection,
and recent AGE did not show significant associations with
microbiome composition (Supplementary Table 4). In the
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Figure 1.  Strip plots comparing microbiome richness (A) and Shannon diversity index (B) between patient show greatest differences between patients with AGE and those

without. Strip plots for microbiome richness (total number of species detected in a sample) and Shannon diversity index (defined as:- ipdn(p,), where Ris the total number of
species and pi is the proportion of individuals belonging to the 7th species in a sample) for each comparison discussed in Supplementgry Tables 2 and 3. Positive patients for
each comparison are in red, while negative patients are in black (1 inconclusive secretor status is excluded in those comparisons). Comparisons are as follows: (1) Secretor
positive to secretor negative. (2) Secretor positive to secretor negative among norovirus-positive patients. (3) Secretor positive to secretor negative among norovirus-negative
patients with AGE. (4) Secretor positive to secretor negative among norovirus-negative patients without AGE. (5) Norovirus-positive to all norovirus-negative patients. (6)
Norovirus-positive to norovirus-negative patients with AGE. (7) Norovirus-positive to norovirus-negative patients without AGE. (8) AGE positive to AGE negative. (9) AGE
positive to AGE negative among norovirus-negative patients. Most comparisons are similar. The greatest differences are between patients with AGE and those without AGE,

including when restricting to norovirus-negative patients.

full model with all variables and controlling for age and pre-
scription drug use, no significant associations were detected
(Supplementary Table 4).

DISCUSSION

Secretor status and norovirus infection were not independently
associated with differences in either microbiome richness or
Shannon diversity index. Additionally, no differences by se-
cretor status or norovirus infection in microbiome composition
were seen on NMDS ordination or LDM regression. No differ-
ences were detected despite a larger sample size compared with
some similar studies [13-15, 17].

Due to the disruption of the gut environment during AGE
[32], we expected to see lowered microbiome diversity for pa-
tients with AGE; this was true for both richness and Shannon
index. However, no difference was seen in microbiome compo-
sition between AGE groups upon ordination. As composition
analyses only included the most abundant genera, the reduction
in diversity metrics may be borne by only less abundant genera.

Our secretor status results support previous findings of no
differences in microbiome composition between secretor status
groups [16, 17] Though previous studies found a relationship
between secretor status, norovirus IgA titer (past norovirus
infection), and microbiome composition, we did not see rela-
tionships between analogous variables in our data with a larger
sample size examining recent infections [17]. Additional work
incorporating pre-and postinfection stool samples, such as chal-
lenge studies [11], could better explore microbiome changes
following infection.

Our study had at least 4 limitations, including lack of se-
rial pre-infection stools, a limited sample size, potential
nonrepresentativeness of the VA population compared with
the general US population, and additional factors (eg, unre-
ported medication, dietary differences, norovirus genotype, or
co-infecting pathogens) that were not explored here.

In summary, we did not detect an association between se-
cretor status or norovirus infection and microbiome diversity or
composition. Though findings suggest that there might not be a
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Figure 2. Non-metric multidimensional scaling ordination shows no difference in microbiome composition by secretor status and norovirus infection, with possible greater
differences in composition among patients with AGE. Ordination using non-metric multidimensional scaling based on Bray-Curtis distances was used to compare overall
microbiome composition between secretors and non-secretors (A and B), norovirus-positive patients and norovirus-negative patients (C and D), as well as patients with AGE
and those without AGE (E and F). Included populations by panel: A, all individuals, with secretor points appearing slightly more dispersed. B Only patients without AGE, where
microbiome compositions appear similar across both secretor status groups. C, all individuals, with points for norovirus-positive patients appearing slightly more dispersed.
D, only patients with AGE, where points for norovirus-positive patients also appeared more dispersed than norovirus-negative patients. E, all individuals, with points for
AGE-free individuals more clustered together compared to points for patients with AGE. F, only patients without norovirus and there is little apparent difference between the
two groups. Ellipses in all panels are based on multivariate t-distribution. One individual (square point, norovirus-negative and AGE-free) with an inconclusive secretor status

is shown on secretor status plots.

relationship between norovirus infection and the microbiome,
longitudinal studies would be better suited to capture any causal ef-
fect of secretor status and norovirus infection on the microbiome.
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