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Astrovirus and the microbiome

Valerie Cortez, Elisa Margolis and Stacey Schultz-Cherry

Although astroviruses are most commonly associated with
acute gastrointestinal illness in humans, their ability to infect a
broad range of hosts and cause a spectrum of disease makes
them widespread and complex pathogens. The precise
mechanisms that dictate the course of astrovirus disease have
not been studied extensively but are likely driven by
multifactorial host-microbe interactions. Recent insights from
studies of animal astrovirus infections have revealed both
beneficial and detrimental effects for the host. However, further
in-depth studies are needed to fully explore the consequences
of astrovirus-induced changes in the gut microenvironment as
well as the role of the microbiota in astrovirus infection.
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Introduction

Astroviruses are small, single-stranded enteric RNA
viruses with a broad host range. Recent studies suggest
that these viruses are not species specific, with multiple
lines of evidence supporting potential zoonotic transmis-
sion [1-6]. The near-ubiquitous nature of these viruses is
paralleled by their high genetic diversity and the spec-
trum of disease that ranges from asymptomatic infection
to severe diarrhea and even extra-gastrointestinal spread,
including fatal encephalitis [7]. Since 1975, when human
astrovirus was first identified by electron microscopy [8],
we have come to appreciate these viruses as a leading
cause of acute gastroenteritis, with a high disease burden
in children, elderly populations, and immunocompro-
mised individuals [7,9]. However, little is known about
the host, microbial, and viral factors that dictate the
course of astrovirus disease. Astroviruses are distin-
guished from other enteric viruses by several features.
First, like rotavirus, astrovirus encodes an enterotoxin
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[10], but it is the astrovirus capsid protein itself that
can disrupt the gut barrier, which means it can do so
upon initial exposure of the virus to the epithelium before
replication begins [11,12]. A decrease in barrier integrity
could increase the likelihood of bacterial translocation
and/or exposure of luminal antigens to the underlying gut
associated lymphoid tissue [13], resulting in changes in
host immune responses that could alter the microbiome.
Second, unlike rotavirus [14] or norovirus [15], astro-
viruses do not cause overt pathology or cell death during
infection [16-20], so it is unclear how this or other con-
sequences of infection, such as dysregulated secretion
and malabsorption [21], alter the microbiome. Thus, we
hypothesize that the way astroviruses are sensed by the
host and their interactions with the microbiome may be
distinct from other prevalent enteric viruses, some of
which can even be beneficial for the host; although more
studies are needed to test this hypothesis. In this review,
we will explore these possibilities, not only focusing on
human astroviruses but also highlighting evidence from
studies of other animal astroviruses.

Astrovirus-induced changes in the
microbiome

Multiple analyses of different astrovirus strains have shown
that these viruses do not elicit an inflammatory response or
cause damage to the epithelial lining of the gut [16-20]. In
comparison to other enteric viruses, astrovirus pathogenesis
is characterized by only mild blunting of the villi, redistri-
bution but not inhibition of sodium transporters, and
increased epithelial barrier permeability [11,12,16,17,21—
23]. These findings collectively implicate that astrovirus
causes a secretory diarrhea that occurs in the absence of
virus or host-driven pathology, which is consistent with the
fact that most infections are mild and do not require
hospitalization [24,25]. Such mild disease and limited
pathophysiology could translate to minimal disruption of
the microbiome. However, in a study that compared the
microbiomes of children with diarrhea associated with
adenovirus, norovirus, rotavirus, or astrovirus infection to
the microbiomes of healthy children, astrovirus was found
to cause the greatest decrease in bacterial diversity [26°°]. It
was also observed that astrovirus infection was associated
with the greatest decrease in Bifidobacterium [26°°], which is
considered a ‘healthy’ component of the microbiome [27].
These limited data suggest that astrovirus is particularly
disruptive to the microbiome in comparison with other
enteric viruses and could be due to differences in the
molecular mechanisms by which these viruses cause diar-
rhea and also the degree of disease severity [28]. It has been
previously noted that the severity of rotavirus and norovirus
infection is associated with marked alteration of the
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microbiome [29]. While this association has not been
explored for astroviruses, this finding from other enteric
viruses could translate to astrovirus-strain-specific differ-
ences in the disruption of the microbiome, as it has been
noted that disease severity varies across human astrovirus
serotypes [30].

Animal models can help us discern the cause and effects
of astrovirus—microbiome interactions, and until recently
without a well-characterized small animal model [24], we
have had to rely on studies of other animal astroviruses.
Initially, avian astroviruses were investigated as a causal
factor of the dysbiosis that leads to atypical Escherichia coli
outgrowth associated with poultry enteritis mortality syn-
drome (PEMS) [31°,32]. While their causal role in PEMS
was substantiated, less is known about the virus—bacteria
interactions underlying other poultry diseases associated
with avian astroviruses, including runting stunting syn-
drome and white chicks hatchery disease [33]. Astrovirus
infection has also been reported to be associated with
dysbiosis in young bats [34°°]. The authors of the report
offered speculation that the microbial disruption caused
by bat astroviruses may affect their gut immunity and
susceptibility to other infections [34°°], which would be
consistent with the avian studies. The authors observed
no diarrhea or other signs of disease in the animals, as this
is the case for many other RNA virus infections in bats,
even infections by viruses that are highly pathogenic in
humans [35]. Thus, although bats may be distinctive in
their ability to tolerate infection without developing
disease [36], additional study is needed to determine
how the microbial changes described affect their gut
immunity and homeostasis.

A recently developed murine astrovirus model has been
critical for the exploration into the mechanisms of causation
operating between astrovirus and the microbiome
[18,20,38]. To this end, we have begun to analyze the
changes in the microbiome after murine astrovirus infec-
tion using strain SJ002, which was isolated from persistently
infected interferon a receptor—deficient ([fmzf/f) mice
and causes a 10-week chronic infection in C57BL/6 mice
[20]. We compared 16S rRNA amplicon sequencing from
mock-infected and astrovirus-infected mice on days 0, 9,
and 21 afterinfection, and our preliminary data indicate that
astrovirus infection causes a change in both the diversity
and composition of the microbiome (Figure 1). Specifically,
at the peak of infection (day 9), the microbial diversity was
decreased in the astrovirus-infected mice as compared to
the mock-infected animals (Figure 1a). Additionally, we
observed a clear disruption of the bacterial composition,
with a notable increase in the abundance of Clostridium
cluster XVIIT on day 9 and continued disruption even at day
21, whenvirus levels begin to decrease (Figure 1b). Despite
these changes in the microbiome and the high virus levels,
the infection did not induce diarrhea or any other clinical
signs. Interestingly, murine norovirus infection, which is

also not characterized by diarrhea, does not affect the
diversity or composition of the fecal or tissue-associated
microbiome [39]. Thus, it is unclear how astrovirus-
induced changes in the microbiome occur and whether
such changes affect the host. However, a recent study has
revealed a potential benefit of subpathologic murine astro-
virus infection by showing that the virus can complement
primary immunodeficiency and thus, function as part of the
microbiota. Using murine astrovirus strain STLS5, the
authors showed that the virus induces interferon-lambda
in germ-free mice as well as in immunodeficient Ragl /'~
and Rag2 '~ I/2rg”"~ mice and this protects the animals
from both norovirus and rotavirus infections [40°]. The
authors had initially observed that immunodeficient
Rag2™'~1/2rg”"~ mice that lacked B and T cells, NK cells,
innate lymphoid cells, and gut-associated lymphoid tissue
were inherently protected from norovirus, and this led to
the identification of murine astrovirus as the protective
agent [40°]. These findings lend credence to the idea that
enteric viruses can complement immunodeficiency, par-
ticularly in the absence of a microbiome, which has been
previously shown with murine norovirus [41]. These find-
ings bring to light the possibility that there are other
benefits of astrovirus infections that have yet to be discov-
ered, especially benefits conferred during early life devel-
opment of immune responses, which is when most human
astrovirus infections occur [42]. As summarized in Figure 2,
these studies of animal astroviruses demonstrate that the
virus can cause changes which may be both detrimental and
beneficial for the gut microenvironment, and these changes
are likely mediated by a balance between the host, the
virus, and the microbiome.

With the recent development of the murine model for
astrovirus, we are now capable of delving further into
many different questions. First, how frequently does
dysbiosis occur after astrovirus infection and is it asso-
ciated with subsequent disease? Second, does astrovirus
infection have long-term consequences for immunity to
commensal organisms? The astrovirus capsid can alter
gut barrier integrity, which could affect host responsive-
ness to commensal organisms. This has been demon-
strated previously with Toxoplasma gondii in mice, in
which infection caused sustained changes in T cell-
specific responses to commensals [43]. Also, could these
viruses play a role in the development of oral tolerance,
as has been demonstrated with reovirus and norovirus
[44,45]? Finally, given the multiple reports of human
astrovirus infections with respiratory involvement [46—
50], is the virus also capable of altering the lung micro-
biome and, if so, what are the consequences for lung
health?

The role of the microbiome in astrovirus
infection

There is extensive evidence in the literature of enteric
viruses co-opting bacteria or bacterial products to promote
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Changes in the diversity and composition of the microbiome after murine astrovirus infection.
Groups of 4 or 5 mice were orally gavaged with mock (PBS) or murine astrovirus (strain SJ002) inoculum. Fresh fecal pellets were collected at the
time points indicated, and DNA was extracted for 16S rRNA gene (V3-V4) amplicon sequencing. Paired-end reads were merged and quality
filtered using DADA2. (a) Simpson’s Diversity Indices were calculated for the mock-infected and astrovirus-infected groups and compared. (b) The
relative frequencies of the operational taxonomic units are listed and shown as a color map according to genus.
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Astroviruses can induce both beneficial and detrimental effects on the gut microenvironment.
Avian astroviruses have been associated with the poultry enteritis mortality syndrome, which is characterized by outgrowth of atypical E. coli. In
contrast, murine astrovirus infection can protect germ-free mice against other enteric virus pathogens independently of the microbiome.

their infection as well as regulation of enteric viruses by
the such factors, and this has been reviewed elsewhere
[51°°]. So far, however, there is scant evidence suggesting
a strong role for bacteria during astrovirus infection. First,
germ-free mice can become infected with murine astro-
virus and generate levels of virus comparable to those
seen in normal mice [40°]. We have also observed a high
prevalence of human astrovirus infection in pediatric
patients with cancer [53], most of whom (>89%) are
receiving antimicrobial treatment and would therefore
have a disrupted microbiome [54]. It was also previously
noted in a study of Bangladeshi children <5 years of age
with acute and persistent diarrhea that astrovirus was less
frequently detected in patients who had not taken anti-
biotics [55]. The degree to which particular bacterial
species play a role has not been studied in mammals,
but a single study in broiler chicken sentinels placed on
commercial chicken farms demonstrated that astrovirus

detection was weakly correlated with Clostridiaceae and
Ruminococcaceae species [56]. However, the causal relation
between astrovirus and these bacterial species was not
explored further, and the authors of that study noted that
the association was difficult to elucidate because of the
high prevalence of avian astroviruses in poultry [56].
Given the limited data on the interactions between
astrovirus and bacteria, many basic questions remain to
be answered. However, with a murine model now avail-
able and distinct murine astrovirus strains characterized,
it will be easier to perform both antibiotic treatment and
infection studies in animals to more precisely define their
interactions.

Conclusions

Astroviruses exhibit significant genetic heterogeneity,
and when coupled with host-specific microbial interac-
tions, they are likely to cause a myriad of disease states or
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even confer benefits on the host. Future studies are
needed to define the dividing line between astrovirus
as a commensal and as a pathogen and to gain further
insight into the transkingdom interactions that dictate
this delicate balance.
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