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Abstract

Mammalian orthoreoviruses (MRVs) are segmented, double-stranded RNA viruses that
infect a broad range of mammalian hosts, including humans. Although MRVs have been
detected in wastewater in parts of Southeast Asia, they have not previously been reported
in U.S. wastewater. Using the VirCapSeq-VERT pan-viral sequencing assay, we identified
MRV type 2 (MRV-2) in a wastewater sample collected in March 2024 from the United
States Air Force Academy. Complete genome sequences were recovered for all 10 segments.
Phylogenetic analyses showed that the virus clustered most closely with an MRV isolate
recovered from a big brown bat (Eptesicus fuscus) in Pennsylvania, with additional genomic
similarity to a second bat-derived isolate from Nebraska. The MRV sequence signal declined
rapidly in subsequent wastewater samples and was nearly undetectable two weeks later.
These findings represent the first reported detection of MRV in U.S. wastewater and
demonstrate the utility of pan-viral wastewater surveillance for identifying uncommon
viruses with potential public health relevance. Continued genomic and epidemiologic
surveillance will improve understanding of MRV circulation and zoonotic transmission in
North America.

Keywords: reovirus; wastewater surveillance; VirCapSeq-VERT; viral genomics; wastewater-
based epidemiology

1. Introduction

Mammalian orthoreoviruses (MRVs) are members of the Spinareoviridae family, a group
of non-enveloped viruses with segmented, double-stranded RNA genomes. These viruses
infect a broad spectrum of mammalian hosts, including humans [1-3]. The MRV genome
consists of ten RNA segments classified according to size: large (L1-L3), medium (M1-M3),
and small (51-54). Together, these ten segments encode eight structural proteins that include
the viral capsid and four nonstructural proteins involved in viral replication, assembly, and
host interactions [4]. The S1 segment, which encodes the viral attachment protein o1, is
the primary determinant of viral serotype and host cell attachment and is also associated
with tissue tropism and pathogenicity [5]. There are four reovirus genotypes based on the
ol protein: Lang (T1), Jones (12), Dearing (T3), and Ndelle (T4), though many reoviruses
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exhibit diversity among multiple genome segments. It has recently been proposed to define
genotypes for each segment with minimum intra-genotype nucleotide identities ranging
from 77 to 88% for those that are well-represented [6]. Genotype assignment for a given
segment therefore would not correlate with host species, geographic origin, or year of
isolation, demonstrating the need to evaluate all ten segments individually rather than
relying on serotype or a single-segment-based phylogeny alone.

MRVs have been detected in wastewater in parts of Southeast Asia [7]; however, to
our knowledge, no reports exist documenting their presence in United States wastewater.
Monitoring of viruses in wastewater can serve as an important surveillance tool to detect
and track endemic and emerging viral pathogens in populations [8,9].

Various orthoreoviruses are linked to zoonotic transmission [10]. MRVs are rarely
tested for in human populations despite several documented cases of acute respiratory
disease [11,12]. When identified, MRVs are typically associated with mild-to-moderate
respiratory illness in humans and are detected in the respiratory and gastrointestinal
tracts, characteristics reflected in their naming as ‘respiratory enteric orphan virus’ [13].
Because the MRV genome is segmented, co-infection of a host cell by different viruses
can result in reassortment, whereby genome segments are exchanged between parental
viruses. Reassortment is a driver of MRV genetic diversity and evolution, allowing for
novel genomic constellations that may change host range, transmission dynamics, or
viral phenotype [14]. Consequently, recovery and phylogenetic analysis of all 10 genome
segments are important for identifying reassortment events and inferring evolutionary
relationships among circulating MRVs.

The VirCapSeq-VERT (VCS) assay is a targeted pan-viral sequencing approach that
uses hybridization-capture probes designed to enrich all known vertebrate viral genomes
prior to next-generation sequencing [15,16]. Compared with untargeted metagenomic
sequencing, VCS improves sensitivity for viral detection while retaining the ability to
identify a broad diversity of known and divergent vertebrate viruses. Using VCS, we report
the complete genome sequences of all 10 RNA segments of a mammalian orthoreovirus
type 2 (MRV-2) sequenced from wastewater during a surveillance study at the United
States Air Force Academy (USAFA). Phylogenetic analysis of all genome segments enabled
evolutionary assessment of each segment. These phylogenies show that our sequence
clusters most closely with an MRV from a big brown bat (Eptesicus fuscus) in Pennsylvania
(10/10 segments) and shows additional genetic similarity in 5/10 segments to an isolate
obtained from another big brown bat in Nebraska [17,18]. This represents the first reported
detection of an MRV in U.S. wastewater, highlighting the value of expanding and improving
wastewater surveillance for emerging viruses with relevance to public health.

2. Materials and Methods
2.1. Sample Collection Site

Wastewater samples were collected from the USAFA wastewater treatment facility
prior to treatment (Figure 1). The experiments in this paper were exempted by the USAFA
IRB (NHSR #FAV20240029N). Institutional Clearance: Approved for public release, distribu-
tion unlimited. The release of this paper has been approved by USAFA Public Affairs office
with PA#USAFA-DF- 2026-0804. Sampling occurred over a 10-week period (12 collection
dates) from 12 March 2024 to 21 May 2024. All sewage generated on-site is specific to the
base and enters a series of outdoor holding tanks, followed by a final indoor holding tank
before treatment. It is a closed system designed to drain indoor human waste, including but
not limited to toilets, sinks and showers across the base. There are no known connections
to agricultural sites or animal housing facilities aside from drains meant for human waste.
Samples were obtained from a flow-through point in the facility using an autosampler that
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sampled every 30 min over a 24 h period on the dates specified. Samples were collected
and aggregated in a collection reservoir attached to the autosampler, and closed to the
environment. Grab samples of 42 mL were collected in duplicate from the reservoir. The
autosampler reservoir and hose were then emptied and cleaned in preparation for the next

sampling date
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Figure 1. (A) Sample collection site at the United States Air Force Academy base in Colorado Springs,
CO. (B) Sample collection and VCS sequencing workflow. (C) Sample collection timeline spanning
12 March 2024 to 21 May 2024 (12 collection dates), with the USAFA spring break period noted.
Created in BioRender. Collins, J. (2026) https:/ /BioRender.com /0f5t7wv.

2.2. Laboratory Procedures

Sample concentration and nucleic acid extraction were performed using the Promega
Maxwell RSC Enviro Total Nucleic Acid Kit (Promega Corporation, Madison, WI, USA).

Extracted nucleic acids were processed using the VCS protocol, a probe-based capture
assay that enriches for known vertebrate viruses prior to next-generation sequencing [15,16].
First-strand cDNA was synthesized using Superscript IV (Invitrogen, Life Technologies,
Waltham, MA, USA) and random hexamer primers. Second-strand cDNA synthesis was
carried out using the Klenow Fragment (exo-) enzyme (New England Biolabs, Ipswich, MA,
USA). Libraries were generated via enzymatic shearing, end-repair, dA-tailing, adapter
ligation, and library amplification with unique dual indexes using the Twist Library Prepa-
ration Enzymatic Fragmentation Kit 2.0 (Twist Bioscience, San Francisco, CA, USA). Library
pools were then hybridized with the VCS probe set using the Twist Fast Hybridization kit
(Twist Bioscience, San Francisco, CA, USA). Sequencing was performed using the Illumina
NextSeq2000 system with P2 cartridges and a 150 nt single-end read protocol (Illumina,
Inc., San Diego, CA, USA).

2.3. Data Analysis

The Rapid Identification of Microbes (RIM) pipeline (http:/ /rim2.gapp-cii.org) was
used to analyze FastQ files generated from VCS sequencing data, with default parameters as
described previously [19]. Consensus sequences were generated from mapped reads with
bowtie2 and exported for downstream analyses. After exporting each consensus sequence,
the NCBI Virus database was used to download complete sequences for all Mammalian
orthoreovirus (taxid:351073) submissions for each segment, which were subsequently
aligned with MAFFT version 7 [20]. Analyses were performed independently for each
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of the 10 genome segments to evaluate segment-specific evolutionary relationships and
identify evidence of reassortment. Maximum-likelihood phylogenies were generated with
IQ-TREE v2 using ModelFinder Plus for automatic substitution model selection and 1000
ultrafast bootstrap replicates [21]. A more focused phylogenetic analysis was subsequently
generated by restricting all sequences to those branching closest to the USAFA strain
(accession numbers PZ764055-PZ764064). Nucleotide sequence similarity percentages
were calculated using the Needleman-Wunsch global alignment algorithm with standard
settings as implemented in EMBOSS needle.

To evaluate whether nonviral sequence reads present in MRV-positive samples derived
from a mammalian host, nonviral reads were taxonomically classified using Kraken2.

3. Results

On 12 March 2024, the first date of wastewater collection for this study, we detected
3874 normalized reads per million (RPM) mapping to a mammalian orthoreovirus (MRV)
within the Spinareoviridae family. Complete coverage of all 10 genome segments of an
MRV-2 was obtained from this sample. However, the number of sequencing reads declined
rapidly in subsequent samples: 598 RPM on 19 March 2024, 176 RPM on 22 March 2024,
and 27 RPM on 27 March 2024 (Supplementary Table S1).

Phylogenetic analysis indicated that our USAFA wastewater strain (USAFA240312)
was most closely related to an MRV reassortant previously identified in a big brown
bat sample from Pennsylvania in 2017 [17]. The ten segments of USAFA240312 shared
99.0-99.4% nucleotide identity across all genome segments with this isolate (Supplementary
Table S2).

The Nebraskan big brown bat isolate clustered with USAFA240312 and Pennsylvania
bat isolate in 5/10 segments, ranging from 98.4 to 99.2% nucleotide similarity to US-
AFA?240312. In the other 5 segments, nucleotide sequence similarity between USAFA240312
and the Nebraskan big brown bat varied between 86.3 and 96.3% [18]. This observed
clustering pattern, in which USAFA240312 shares near-complete genomic identity with the
Pennsylvania bat isolate but only partial (5/10 segment) concordance with the Nebraska
bat isolate, is consistent with reported reassortments among circulating North American
bat-associated MRV lineages [17].

Our strain was also related to sequences obtained from human hosts in segments S3,
M1, and L3 at nucleotide sequence similarities between 97.2 and 98.8%, along with related
sequences from numerous other mammalian hosts (Figure 2). Notably, in phylogenetic
analysis of the S1 segment, USAFA240312 clustered with that of an MRV-2 Winnipeg isolate
(T2W), sampled from a 1997 infant mortality case in Canada (94.2% nucleotide similarity).
Genotyping by segment of T2W showed that its S1 segment was related to European type 2
strains, while S2, S3, and S4 segments aligned with genotypes of different serotypes (T1
Lang and T3 Netherlands strains) [22,23]. No similar clustering with T2W was observed
for the other nine USAFA240312 segments (Figure 2).

Taxonomic classification of nonviral sequence reads did not identify bat-derived
genetic material within the MRV-2-positive samples or any other samples throughout the
collection period.
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Figure 2. Phylogenetic trees of all 10 MRV segments, showing branching with the sequences most
closely related to USAFA240312 (shaded in green).

4. Discussion

The high nucleotide similarity between genomic segments sequenced from US-
AFA240312 and those from the big brown bat reassortant MRV from Pennsylvania
(99.0-99.4%) suggests a wider circulation of this virus across the United States than currently
recognized [17]. Since the big brown bat has a broad geographic range throughout North
America, the presence of this MRV in wastewater sampled from Colorado is plausible.
Additionally, although the most closely related isolate was recovered from a bat, several
genome segments also showed similarity to reported human-derived MRV isolates, includ-
ing the S1 segment responsible for host attachment. This is consistent with the frequently
reported assortment and variability of hosts common to mammalian orthoreoviruses [6].
The analysis of each segment that makes up the complete MRV genome allowed for greater
insight into this strain’s transmission potential and evolution compared to a phylogeny of
a single segment.

One challenge in such a prospective study is the inability to perform epidemiological
investigations at the time of sample collection, making it difficult to determine the source of
the virus. It is possible that bat feces contaminated the wastewater; however, no other bat-
related viruses were detected in USAFA wastewater during this collection period or others,
reducing the likelihood that the virus appeared as a result of direct fecal contamination
from bats [24]. Moreover, the sewage collection system is a mostly closed system with
small inlets throughout the base, reducing, but not eliminating, the possibility of bat fecal
contamination in the wastewater. The high abundance of MRV at the start of collection,
followed by the rapid decline in MRV sequencing reads in subsequent samples, may
then represent a potential one-time spillover event, consistent with documented shedding
times for other Reoviridae species in humans and other hosts [25]. Rotavirus shedding
typically persists for approximately one week but may continue for several weeks in
immunocompetent individuals [26].

https://doi.org/10.3390/v18080862
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The detection of MRV in wastewater is consistent with the potential for bats to serve
as reservoirs of viruses capable of infecting humans. This is particularly true for species
such as the big brown bat, which is among the most widely distributed bat species in
North America and commonly roosts in close proximity to humans [27]. However, whether
the detected MRV represents a zoonotic spillover event cannot be determined from these
data, and the source of the virus cannot be identified either. The United States Air Force
Academy is home to approximately 4000 cadets, employs more than 10,000 personnel, and
regularly receives visitors, all of whom represent potential sources of the detected MRV
beyond the potential wildlife sources. In addition, although the sanitary sewer system is
designed to receive only human wastewater from toilets, sinks and showers across the base,
incidental environmental infiltration cannot be completely excluded.

MRVs have not been reported to consistently cause severe disease in human pop-
ulations. The infant mortality case from Canada described previously showed several
comorbidities, including severe immunodeficiency with sepsis and varicella infection, so
it remains unclear to what extent the MRV infection contributed to the severity of the
patient’s disease and ultimate death [22,23]. However, clinically documented diarrhea and
meningitis weeks prior to the virus being isolated from CSF may suggest a systemic MRV
infection in this case [17]. There is a need to investigate the clinical symptoms associated
with MRVs, especially in individuals who may be immunocompromised and susceptible to
viral persistence.

The detection of MRV was an unexpected finding from this study initially enacted to
demonstrate the utility of a pan-viral surveillance system at a single military location. We
therefore recognize that there are several limitations to this study. The wastewater sampling
was conducted over approximately ten weeks at a single location, which limits conclusions
about the long-term composition and seasonality of MRVs, or any other virus, in this
population. A single detection during this roughly 10-week (12 total collections) period is
sufficient to establish presence but insufficient to estimate the true frequency, prevalence,
or seasonality of MRV occurrence in this or any wastewater system. Such a single positive
detection followed by a return to non-detection could reflect a rare, isolated spillover
event. In addition, it could represent a detection limitation tied to sampling frequency,
seasonal shedding patterns, or population turnover on base. Distinguishing between these
possibilities would require multi-season sampling at a higher temporal resolution.

Overall, VCS enabled recovery of complete sequences for all ten MRV genome seg-
ments directly from wastewater, facilitating phylogenetic analysis of each segment and
assessment of reassortment. Unlike targeted PCR assays, which require prior knowledge of
the pathogen and short nucleotide sequences as primers, probe-based viral enrichment for
all known viruses permits the detection and characterization of a broad range of vertebrate
viruses, including unexpected or divergent viruses, in a single assay [15,16]. This allows
for a highly effective method for the surveillance of emerging or zoonotic pathogens whose
circulation may otherwise remain undetected. However, the method remains limited to
viruses represented within the probe design, and it also does not distinguish infectious
virus from residual viral nucleic acids. While wastewater sequencing alone cannot deter-
mine the host responsible for viral shedding, this finding emphasizes the need to integrate
environmental surveillance with clinical and wildlife epidemiological investigations to
provide public health leaders with a complete understanding of the pathogens circulating
in the populations they serve.

5. Conclusions

The detection of MRV in U.S. wastewater, similar to previous findings in Southeast
Asia and Canada [2], suggests that there may be a wider distribution of MRVs than cur-
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rently reported. Observing MRV in USAFA wastewater demonstrates the utility of VCS as a
critical tool for surveillance and early detection of emerging and zoonotic viruses in human
populations. VCS is a probe-based positive selection sequencing technique designed to
capture the genomes of all vertebrate viruses, making it ideal for regional wastewater-based
epidemiological surveillance. Future studies that incorporate more real-time epidemiologi-
cal investigations at the time of sampling and include ecological studies on bat populations
in the region will provide greater insights into MRV reservoirs, the probability of spillover
events, and potential negative human health consequences.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/v18080862/s1, Table S1: Normalized MRV abundance (reads per million,
RPM) in USAFA wastewater samples collected between March and May 2024. Table S2: Percent
nucleotide sequence identity between USAFA240312 and selected reference MRV isolates for each
genome segment.

Author Contributions: Conceptualization, ].P.C., M.A.M., A.L.B. and ].K.W.; methodology, ] P.C.,
M.AM, TAP,CR]J,REMR. and CI; software, ] P.C. and X.-].L.; formal analysis, ].P.C.; validation,
JPC,M.AM, TA.P, TB.,, ALLB. and ].LK.W,; investigation, ] P.C.; resources, A.L.B. and ].K.W,; data
curation, J.P.C. and X.-J.L.; writing—original draft preparation, J.P.C.; writing—review and editing,
JPC,M.AM., T AP, TB., ALB. and ].K.W.; visualization, ].P.C. and X.-].L.; supervision, A.L.B. and
J.K.W,; project administration, A.L.B. and ]. K.W.; funding acquisition, A.L.B. and ] K.W. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was funded by the Skoll Foundation, the Air Force Office of Scientific Research,
and the Defense Health Agency.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Sequences of all 10 MRV segments of USAFA240312 are available in
GenBank under accession numbers PZ764055-PZ764064.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

VCs VirCapSeq-VERT
USAFA  United States Air Force Academy
RIM Rapid Identification of Microbes

References

1.  Arnaboldi, S.; Righi, F; Filipello, V.; Trogu, T.; Lelli, D.; Bianchi, A.; Bonardi, S.; Pavoni, E.; Bertasi, B.; Lavazza, A. Mammalian
Orthoreovirus (MRV) Is Widespread in Wild Ungulates of Northern Italy. Viruses 2021, 13, 238. [CrossRef] [PubMed]

2. Wang, L.; Li, Y.; Walsh, T,; Shen, Z.; Li, Y;; Nath, N.D.; Lee, J.; Zheng, B.; Tao, Y.; Paden, C.R.; et al. Isolation and characterization of
novel reassortant mammalian orthoreovirus from pigs in the United States. Emerg. Microbes Infect. 2021, 10, 1137-1147. [CrossRef]

3. Lelli, D.,; Beato, M.S.; Cavicchio, L.; Lavazza, A.; Chiapponi, C.; Leopardi, S.; Baioni, L.; De Benedictis, P.; Moreno, A. First
identification of mammalian orthoreovirus type 3 in diarrheic pigs in Europe. Virol. ]. 2016, 13, 139. [CrossRef]

4. Oba, M.; Shimotori, M.; Teshima, N.; Yokota, T.; Takemae, H.; Sakaguchi, S.; Mizuno, S.; Ishida, H.; Murakami, H.; Mizutani, T.;
et al. Identification of multiple inter- and intra-genotype reassortment mammalian orthoreoviruses from Japanese black cattle in
a beef cattle farm. Sci. Rep. 2024, 14, 19887. [CrossRef] [PubMed]

5.  Lee, PWK.; Hayes, E.C.; Joklik, W.K. Protein o1 is the reovirus cell attachment protein. Virology 1981, 108, 156-163. [CrossRef]
[PubMed]

6. Diller, J.R.; Thoner, TW.; Ogden, K.M. Mammalian orthoreoviruses exhibit rare genotype variability in genome constellations.

Infect. Genet. Evol. 2023, 110, 105421. [CrossRef] [PubMed]

https://doi.org/10.3390/v18080862


https://www.mdpi.com/article/10.3390/v18080862/s1
https://www.mdpi.com/article/10.3390/v18080862/s1
https://doi.org/10.3390/v13020238
https://www.ncbi.nlm.nih.gov/pubmed/33546342
https://doi.org/10.1080/22221751.2021.1933608
https://doi.org/10.1186/s12985-016-0593-4
https://doi.org/10.1038/s41598-024-70863-z
https://www.ncbi.nlm.nih.gov/pubmed/39191841
https://doi.org/10.1016/0042-6822(81)90535-3
https://www.ncbi.nlm.nih.gov/pubmed/7269235
https://doi.org/10.1016/j.meegid.2023.105421
https://www.ncbi.nlm.nih.gov/pubmed/36871695
https://doi.org/10.3390/v18080862

Viruses 2026, 18, 862 80f8

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kitamura, K.; Takagi, H.; Oka, T.; Kataoka, M.; Ueki, Y.; Sakagami, A. Intertypic reassortment of mammalian orthoreovirus
identified in wastewater in Japan. Sci. Rep. 2021, 11, 12583. [CrossRef] [PubMed]

Parkins, M.D; Lee, B.E.; Acosta, N.; Bautista, M.; Hubert, C.R.].; Hrudey, S.E.; Frankowski, K.; Pang, X.-L. Wastewater-based
surveillance as a tool for public health action: SARS-CoV-2 and beyond. Clin. Microbiol. Rev. 2024, 37, €00103-22. [CrossRef]
[PubMed]

Tanne, ].H. Polio emergency declared in New York State over virus found in wastewater. BM] 2022, 378, 02211. [CrossRef]
[PubMed]

David Després, G.; Lemay, G. Emerging reoviruses: The next pandemic? Virologie 2023, 27, 50-62. [CrossRef] [PubMed]

Chua, K.B.; Crameri, G.; Hyatt, A.; Yu, M.; Tompang, M.R.; Rosli, J.; McEachern, J.; Crameri, S.; Kumarasamy, V.; Eaton, B.T.; et al.
A previously unknown reovirus of bat origin is associated with an acute respiratory disease in humans. Proc. Natl. Acad. Sci. USA
2007, 104, 11424-11429. [CrossRef] [PubMed]

Chua, K.B.; Voon, K.; Crameri, G.; Tan, H.S,; Rosli, J.; McEachern, J.A.; Suluraju, S.; Yu, M.; Wang, L.-F. Identification and
Characterization of a New Orthoreovirus from Patients with Acute Respiratory Infections. PLoS ONE 2008, 3, e3803. [CrossRef]
[PubMed]

Coombs, K.M. Mammalian Reoviruses: Propagation, Quantification, and Storage. Curr. Protoc. 2023, 3, e716. [CrossRef] [PubMed]
Hockman, M.R.; Jacobs, N.T.; Mainou, B.A.; Koelle, K.; Lowen, A.C. Mammalian Orthoreovirus Reassortment Proceeds with
Little Constraint on Segment Mixing. . Virol. 2022, 96, e01832-21. [CrossRef] [PubMed]

Briese, T.; Kapoor, A.; Mishra, N.; Jain, K.; Kumar, A.; Jabado, O.].; Lipkin, W.I. Virome Capture Sequencing Enables Sensitive
Viral Diagnosis and Comprehensive Virome Analysis. mBio 2015, 6, e01491-15. [CrossRef] [PubMed]

Kapoor, V.; Briese, T.; Ranjan, A.; Donovan, W.M.; Mansukhani, M.M.; Chowdhary, R.; Lipkin, W.I. Validation of the VirCapSeq-
VERT system for differential diagnosis, detection, and surveillance of viral infections. J. Clin. Microbiol. 2024, 62, e00612-23.
[CrossRef] [PubMed]

Feng, K.H.; Brown, ].D.; Turner, G.G.; Holmes, E.C.; Allison, A.B. Unrecognized diversity of mammalian orthoreoviruses in North
American bats. Virology 2022, 571, 1-11. [CrossRef] [PubMed]

Wang, L.; Zheng, B.; Shen, Z.; Nath, N.D.; Li, Y.; Walsh, T,; Li, Y.; Mitchell, W.J.; He, D.; Lee, J.; et al. Isolation and characterization
of mammalian orthoreovirus from bats in the United States. . Med. Virol. 2023, 95, €28492. [CrossRef] [PubMed]

Kane, E; Cissoko, Y.; Collins, J.; Diallo, D.; Diarra, B.; Kone, A.; Dabitao, D.K.; Sako, O.; Coulibaly, T.A.; Keita, D.; et al. Analyzing
Transmission Patterns of Two Dengue Virus Serotypes during the 2023 Outbreak in Mali, West Africa. Am. |. Trop. Med. Hyg.
2025, 113, 374-377. [CrossRef] [PubMed]

Katoh, K.; Standley, D.M. MAFFT Multiple Sequence Alignment Software Version 7: Improvements in Performance and Usability.
Mol. Biol. Evol. 2013, 30, 772-780. [CrossRef] [PubMed]

Nguyen, L.T.; Schmidt, H.A.; Von Haeseler, A.; Minh, B.Q. IQ-TREE: A Fast and Effective Stochastic Algorithm for Estimating
Maximum-Likelihood Phylogenies. Mol. Biol. Evol. 2015, 32, 268-274. [CrossRef] [PubMed]

Jiang, J.; Hermann, L.; Coombs, K.M. Genetic characterization of a new mammalian reovirus, type 2 Winnipeg (T2W). Virus Genes
2006, 33, 193-204. [CrossRef] [PubMed]

Hermann, L.; Embree, J.; Hazelton, P.; Wells, B.; Coombs, R.T.K. Reovirus Type 2 Isolated from Cerebrospinal Fluid. Pediatr. Infect.
Dis. J. 2004, 23, 373-375. [CrossRef] [PubMed]

Mechikoff, M.A.; Collins, ].P,; Golder, P.; Ingersoll, C.M.; McGarry, R.E.; Lu, X.-].; Gokden, A.; Cuff, A.; Webber, B.].; Wallace, A.B.;
et al. Application of Pan-Viral Metagenomic Sequencing on United States Air Force Academy Wastewater to Uncover Potential
Causes of Acute Gastroenteritis. Mil. Med. 2025, 190, e1570-e1577. [CrossRef] [PubMed]

Kapikian, A.; Shope, R. Chapter 63 Rotaviruses, Reoviruses, Coltiviruses, and Orbiviruses. In Medical Microbiology, 4th ed.;
University of Texas Medical Branch at Galveston: Galveston, TX, USA, 1996.

Singh, N.; Burpee, T. Rotavirus and Noro- and Caliciviruses. In Textbook of Clinical Pediatrics; Elzouki, A.Y., Harfi, H.A., Nazer,
H.M.,, Stapleton, EB., Oh, W., Whitley, R.]., Eds.; Springer: Berlin/Heidelberg, Germany, 2012; pp. 1249-1257. [CrossRef]
Hause, B.M.; Nelson, E.A.; Christopher-Hennings, J. North American Big Brown Bats (Eptesicus fuscus) Harbor an Exogenous
Deltaretrovirus. mSphere 2020, 5, €00902-20. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/v18080862


https://doi.org/10.1038/s41598-021-92019-z
https://www.ncbi.nlm.nih.gov/pubmed/34131201
https://doi.org/10.1128/cmr.00103-22
https://www.ncbi.nlm.nih.gov/pubmed/38095438
https://doi.org/10.1136/bmj.o2211
https://www.ncbi.nlm.nih.gov/pubmed/36096510
https://doi.org/10.1684/vir.2023.1009
https://www.ncbi.nlm.nih.gov/pubmed/37476988
https://doi.org/10.1073/pnas.0701372104
https://www.ncbi.nlm.nih.gov/pubmed/17592121
https://doi.org/10.1371/journal.pone.0003803
https://www.ncbi.nlm.nih.gov/pubmed/19030226
https://doi.org/10.1002/cpz1.716
https://www.ncbi.nlm.nih.gov/pubmed/37039704
https://doi.org/10.1128/jvi.01832-21
https://www.ncbi.nlm.nih.gov/pubmed/34935439
https://doi.org/10.1128/mBio.01491-15
https://www.ncbi.nlm.nih.gov/pubmed/26396248
https://doi.org/10.1128/jcm.00612-23
https://www.ncbi.nlm.nih.gov/pubmed/38095845
https://doi.org/10.1016/j.virol.2022.03.012
https://www.ncbi.nlm.nih.gov/pubmed/35421704
https://doi.org/10.1002/jmv.28492
https://www.ncbi.nlm.nih.gov/pubmed/36633204
https://doi.org/10.4269/ajtmh.25-0113
https://www.ncbi.nlm.nih.gov/pubmed/40494317
https://doi.org/10.1093/molbev/mst010
https://www.ncbi.nlm.nih.gov/pubmed/23329690
https://doi.org/10.1093/molbev/msu300
https://www.ncbi.nlm.nih.gov/pubmed/25371430
https://doi.org/10.1007/s11262-005-0046-4
https://www.ncbi.nlm.nih.gov/pubmed/16972034
https://doi.org/10.1097/00006454-200404000-00026
https://www.ncbi.nlm.nih.gov/pubmed/15071303
https://doi.org/10.1093/milmed/usae518
https://www.ncbi.nlm.nih.gov/pubmed/39545936
https://doi.org/10.1007/978-3-642-02202-9_120
https://doi.org/10.1128/mSphere.00902-20
https://www.ncbi.nlm.nih.gov/pubmed/32968009
https://doi.org/10.3390/v18080862

	Introduction 
	Materials and Methods 
	Sample Collection Site 
	Laboratory Procedures 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

