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BACKGROUND & RATIONALE

METHODS

The first global pandemic of the 21st century was caused by SARS-
Coronavirus (SARS-CoV-1). After emerging in southern China it
rapidly spread to 27 countries, infected over 8,000 people and
ultimately caused 774 known deaths. The current pandemic caused
by SARS-CoV-2 has caused over 110 million confirmed cases of
COVID-19 and over 2.4 million deaths (Johns Hopkins). In addition
to loss of life, these outbreaks have caused substantial economic
losses and have disproportionately impacted communities that are
already marginalized and vulnerable (Daszak et al. 2021).

SARS-CoV-1 and SARS-CoV-2, like the majority of emerging
infectious diseases, are zoonotic. Even taking into account recent
increases in surveillance efforts, the rate of new pathogen
emergence has been rising for several decades, and almost all
known pandemics originated in animals (Jones et al. 2008; Morse
et al. 2(')01 2). Furthermore, the most significant pandemics of the
last 50 years have been caused by viral pathogens that originated
in wildlife (Morse et al. 2012; Daszak et al. 2021), and several of
these zoonotic viral pathogens have been linked back to bat
species, including SARS-CoV-1 and -2 (Li et al. 2005; Zhou et al
2020). Coronaviridae has been established as a family of zoonotic
concern, and there is accumulating evidence that the bat virome
includes substantial viral diversity within this family (Anthony et al.

2017a; reviewed by Letko et al. 2020).
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Figure 1: Map illustrating the potential distribution of sarbecoviruses based on the global
distribution of bats in the Rhinolophus and Hipposideros genera. From Anthony et al., 2017.

Previous work has found that bats are the major wildlife reservoir
of coronaviruses, including SARS-like coronaviruses. In addition,
these studies found a significant association between particular
lineages of CoVs and diﬁerent bat species (Anthony et al. 2017a).
SARS-like viruses (known as “sarbecoviruses”) were found to be
significantly associated with rhinolophid bats; thus, it follows that
the distribution of sarbecoviruses is likely to mirror the distribution
of rhinolophid bats.

Rhinolophid and hipposiderid bats are closely related
sister genera. Rhinolophid bats are commonly known
as horseshoe bats, in reference to the shape of their
large nose-leaves. Hipposiderid bats are also called
Old World leaf-nosed bats. Both genera echolocate
by producing sound through their nostrils, and the
large leaves on their noses aid in focusing
echolocation.
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Left: Hipposideros ruber;
Below & Right: Rhinolophus landeri.
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HYPOTHESIS

As West Africa has high species richness of rhinolophid bats, we
hypothesize that there are undiscovered sarbecoviruses circulating
in this region. This hypothesis is further supported by recent data
showing the circulation of novel SARS-like viruses in Rwanda, where
rhinolophid bats also circulate (Wells et al. 2021).

SPECIFIC AIMS

Aim #1: Survey bats in West Africa for novel coronaviruses using
consensus polymerase chain reaction (cPCR). Clone and sequence
all samples that test positive by cPCR using traditional Sanger
sequencing.

Aim #2: Evaluate viral sequences using phylogenetics to determine
their taxonomic placement.

We used broadly reactive consensus polymerase chain reaction (cPCR) to identify known and novel coronaviruses in samples
previously collected from bats in West Africa. The samples were collected as part of the Ebola Host Project (EHP) run by

USAID PREDICT.

Consensus polymerase chain reaction (cPCR) is a broadly reactive PCR method that is inexpensive but highly effective for
discovering novel viruses within known viral families or genera. cPCR uses degenerate primers — a mixture of closely related
primer sequences with one or more positions that have several possible nucleotide bases — to bind and amplify parts of a
viral genome that are conserved between all viruses within a given phylogenetic group. cPCR produces valuable population-
level data on virus diversity, host-specificity and geographic range.

We used the Watanabe assay (Watanabe et al. 2010) to amplify a ~434 bp fragment of the RNA-dependent RNA polymerase
(RARp) within the orf1ab gene. Amplicons of the expected size were cloned and sequenced using traditional Sanger
sequencing. Viral sequences were aligned in Geneious Prime v2021.2.2 (Biomatters Ltd., Auckland, NZ) using Clustal Omega
v1.2.3 (Seivers, 2020). Viral sequences were then aligned to reference sequences gathered from GenBank using Mafft
Multiple Alignment v1.4.0 (Biomatters Ltd., Auckland, NZ) to identify their taxonomic placement.

cPCR RESULTS & PHYLOGENETIC ANALYSIS

Total samples tested: 5696

CoV positive results: 360

161 Hipposideros ruber
191 Miniopterus nimbae
4 Myonycteris angolensis
4 Rhinolophus sp.

Figure 2: Gel electrophoresis of ¢cPCR
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DISCUSSION

As illustrated in Fig. 3E, we identified two
sequences that are most closely related to
sarbecoviruses (highlighted in bright blue).
We also found clusters of sequences that are
most similar to hibecoviruses, which is
noteworthy as that subgenus is most closely
related to both merbeco and sarbecoviruses.

All of the viral sequences identified, in
particular the betacoronaviruses highlighted
above, are good candidates for full
sequencing. Once contiguous genomes have
been assembled they can be analyzed in
downstream functional and evolutionary
studies. We can verify the preliminary
phylogenetic relationships found in this
study, and further investigate their zoonotic
potential.

In addition to identifying novel
coronaviruses, the data generated by this
study can also be used to help us better
understand the natural history of these
viruses and the forces driving their diversity,
distribution and evolution.

This work was made possible by the National Institutes of Health under
grant number NIH RO1 Al149693, Genetic and ecological determinants of
recombination in coronaviruses.

Student support was provided by the UC Davis Students Training in
Advanced Research (STAR) Program endowment.

This work would not have been possible without the samples collected by
the Ebola Host Project (USAID PREDICT).

Thank you to Dr. Simon Anthony and everyone working in the Anthony Lab
for their mentorship, encouragement and patience.

REFERENCES

[1] Allen T, Murray KA, Zambrana-Torrelio C, et al. (2017) Global hotspots and correlates of emerging zoonotic diseases.
Nature Communication. 8: 1124. [2] Anthony SJ, Johnson CK, Greig DJ, et al. (2017a) Global patterns in coronavirus diversity.
Virus Evolution. 3(1): vex012. [3] Anthony SJ, Gilardi K, Menachery VD, et al. (2017b) Further evidence for bats as the
evolutionary source of Middle East respiratory syndrome coronavirus. mBio. 8(2): e00373-17. [4] Centers for Disease Control
and Prevention. Ebola (Ebola virus disease). 2 February 2021. https://www.cdc.gov/vhf/ebola/index.html. Accessed 15
February 2021. [5] Daszak P, Keusch GT, Phelan AL, et al. (2021) Infectious Disease Threats: A Rebound To Resilience. Health
Affairs. 40(2): 204-211. [6] Johns Hopkins University of Medicine. Coronavirus Resource Center. 15 February 2021. https://
www.coronavirus.jhu.edu/map.html. [7] Jones KE, Patel NG, Levy MA, et al. (2008) Global trends in emerging infectious
diseases. Nature. 451: 990-993. [8] Letko M, Seifert SN, Olival KJ, et al. (2020) Bat-borne virus diversity, spillover and
emergence. Nature Reviews Microbiology. 18: 461-471. [9] Li W, Shi Z, Yu M, et al. (2005) Bats are natural reservoirs of SARS-
like coronaviruses. Science. 310: 676-679. [10] Morse SS, Mazet JAK, Woolhouse M, et al. (2012) Prediction and prevention of
the next pandemic zoonosis. Lancet. 380:1956- 65. [11] Sievers F, Barton GJ, Higgins DG (2020) Multiple Sequence
Alignment. Bioinformatics. 227: 227-250. AD Baxevanis, GD Bader, DS Wishart (Eds). [12] Watanabe S, Masangkay JS, Nagata
N, et al. (2010) Bat coronaviruses and experimental infection of bats, the Philippines. Emerging Infectious Diseases. 16(8):
1217-1223. [13] Wells HL, Letko M, Lasso G, et al. (2021) The evolutionary history of ACE2 usage within the coronavirus
subgenus Sarbecovirus. Virus Evolution. Veab007. [14] Zhou P, Yang XL, Wang XG, et al. (2020) A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature. 579: 270-273.



