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ABSTRACT

The recent outbreak of the novel Corona virus (SARS-CoV-2), that has taken the world by storm, is a
disturbing case of severity posed by a highly dynamic viral strain. Suspected to have originated from bats, a
reservoir host of many deadly viral diseases, the COVID-19 pandemic might be an alarming but a substantially
preliminary instance of a much complexly evolving future of disease epidemiology, at the interface of rapid
and robust genetic recombination, mutation and highly adaptable strains of the Coronaviridae family. Keeping
these attributes in mind, the idea of host(s) as “mixing pot” is introduced through this review to capture the
plausible future of the Corona virus dynamics through a vector-borne transmission.
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INTRODUCTION

The recent COVID-19 pandemic owing to the viral
strain SARS-CoV-2 of the Coronaviridae family, has
wreaked havoc across the globe. Preliminary findings
suggest its origin in bats, which thereafter crossed the
species barrier from an intermediate host, eventually
spreading within humans. However, such instances
have been seen in the past, as evident in the SARS
epidemic of 2002 or the MERS-CoV outbreak in 2012
(Perlman and Netland, 2009; Afelt ez al., 2018). A wide
range of infectious diseases are in fact caused by
zoonotic pathogens originating in wildlife and then
spreading to humans (Klimpel and Mehlhorn, 2014;
Kading and Schountz, 2016; Bhattacharya et al., 2019).
Bats are an important reservoir of several pathogenic
agents, mainly viruses, and many of them have already
caused disease outbreaks worldwide (Wang et al.,
2009; Anthony et al., 2017; Monchatre et al., 2017).
This is hypothesized to be attributed to the fact that bats
are the only mammals with the capability of powered
flight, which enables them to have a longer range of
migration compared to land mammals. They are also
the second largest order of mammals, accounting for
about a fifth of all mammalian species, and are
distributed worldwide (Fan et al., 2019). Moreover, the
increase in the rate of viral infections involving bats, is
attributed to an expanding overlap between bat and
human habitats, a classic example of man-animal
conflict.

REVIEW OF LITERATURE
Corona-Viruses: An Insight

Since the early 1960’s, Corona-viruses (CoVs) have been
defined as a novel virus causing mild to severe
respiratory tract infections (Huang et al., 2016). CoVs
have the largest RNA viral genomes, ranging from 26 to
32 kilobases in length. Their expanded genome size may
be due to increased fidelity of replication, after acquiring
genes encoding RNA-processing enzymes (Fan et al.,
2019). Expansion of genome can increase the repertoire
of genes encoding accessory proteins that are essential
for CoVs to adapt to a specific host (de Haan et al., 2005).
Thus, among CoVs, genetic recombination events, gene
interchange, and gene insertion or deletion are of
common occurrence. Next generation sequencing tools
have made it possible to detect new strains in the
Coronaviridae family and as such it is expanding rapidly.
As a result, CoV taxonomy is constantly changing
(Subissi, et al., 2014). In fact, this large family of viruses
are common among many different species of animals,
such as camels, cattle, cats, rodents and bats. Rarely,
animal CoVs can infect humans and, as a result, may
spread among humans during epidemics such as MERS,
SARS, and SARS-CoV-2 (COVID-19).

Bats as Reservoir Hosts of CoVs

Advanced virological and genetic studies have shown
that bats are reservoir hosts of both SARS-CoV and
MERS-CoV and before these viruses spread to humans,
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they use other animals as intermediate hosts (Huang ez
al., 2016). According to studies, the gene source of
alpha-CoV and beta-CoVs are mostly from bats,
whereas bird CoVs are the gene source of gamma-CoVs
and delta-CoVs. In recent studies, it has been observed
that the novel virus causing epidemics bears similarities
with the CoV isolated in bats. An important and crucial
thing to note at this point when countries across the
world are grappling with the pandemic situation
involving COVID-19, is that most mosquito-borne viral
diseases also originate from animal sources (mammals,
birds etc). As such the possibility of viral recombination
event in cases of coinfection in host arises. Instances of
recombination events among two different strains of
RNA virus is not unheard of, e.g.:. RO-Bat CoV
GCCDCI1 contained a unique gene integrated into the
3’-end of the genome that did not have homologs in any
known Coronavirus, but according to the phylogeny
and sequence analyses, most probably originated from
the pl0 gene of a bat orthoreovirus (Huang et al,
2016).The observations made from sub genomic
mRNA and cellular-levels, depicts that the p10 gene is
functional and induces the formation of cell syncytia.
Therefore, the heterologous inter-family recombination
event that has taken place in this case, between a single-
stranded, positive-sense RNA virus and a double-
stranded segmented RNA virus, provides remarkable
insights into the fundamentally robust mechanisms of
viral evolution.

‘Mixing Pot’— A Possibility?

CoV infected reservoir hosts like bats can transmit
pathogens through bodily fluids, faecal matter, blood,
saliva and others, but how exactly the transmission
cycle through intermediate hosts work, before spilling
over to humans is a matter of debate. In this context a
quick look at the transmission pattern of other viruses
such as those of Dengue and Japanese Encephalitis, also
harboured in bats, might be insightful. The transmission
of these viruses involves arthropods that belong to the
Flavivirus genus (Flaviviridae) including several
relevant human pathogens associated with encephalitis
and haemorrhagic fevers (Sotomayor et al., 2014).
Despite Flaviviridae being the second most frequent
viruses found in bats, the role of these animals in the
dynamics of viral spreading is not understood
adequately. However, there is similarity of Dengue
virus with the primitive mosquitoborne encephalitis
viruses. Interestingly enough, this virus has
significantly evolved to develop a notable biological
feature, called “lymphotropism” which has segregated

them from their more primitive neurotropic ancestors.
This shift of the dengue virus from neurotropic
ancestors towards a lymphatic system, points towards a
very crucial depiction of change seen naturally
(Monath, 1994; Basu and Bhattacharya, 2016).
Moreover, Dengue virus (DENV) is a positive sense
single-stranded RNA virus whereas CoVs are a large
family of single-stranded RNA viruses (+ssRNA) that
can be isolated in different animal species (Briguglio et
al.,2011; Azhar et al., 2015). Keeping these in mind it
might be commented that evolution within the
Coronaviridae family might lead to future strains of'this
virus currently limited to the respiratory system, to
adapt within the environment of the blood circulatory
system of the hosts. As such a possibility arises whereby
these animal or human hosts can act as 'Mixing pot' of
evolutionarily significant recombination events. Thus,
a condition may eventually arise in these said mixing
pots that have compatible host range selection within
mosquitos thereby raising the possibility of a future
CoV variety with insect vectors. In fact, it must be noted
that previous studies through Co-phylogenetic
reconciliation analysis have shown host switching to be
an attribute involved in CoV evolution.

Host Switching

Interestingly, in a study conducted in 2016, it was found
that in 2 species of rodents (which is another reservoir
host of CoVs), namely Apodemus sp. And Myodes sp.,
genetic segregation between Coronaviruses have
occurred and also indicate co-evolution with the host
family (Monchatre ef al., 2017). It is thus alarming to
note that host switching might be one of the most
significant evolutionary mechanisms for the dynamic
Corona viruses, evident in the current global pandemic
as well. As mentioned already, bats are important
reservoir hosts of a number of deadly viruses such as
rabies viruses, Nipah viruses, Ebola, Coronaviruses and
Flavivirus such as Japanese encephalitis virus (JEV)
and dengue virus (DENV) (Bhattacharya and Basu,
2014; Sohrabi et al., 2019; Sahin, 2020) Among these,
DENV and JEV have a vector-borne transmission
through mosquitoes, highlighting the potency ofbatas a
highly dynamic viral reservoir that could be a future
candidate of host switching events for other viruses,
thereby leading to the scenario of the proposed mixing
pot.

DISCUSSION

From an evolutionary perspective, Coronaviruses from
bats have the most genetic diversity and are older than
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all Coronaviruses recognized from any other animal
species. In recent studies, analysing the lineage-specific
selection pressure, only SARS Coronaviruses in civets
and humans were seen to be under significant positive
selection, thereby demonstrating an instance of recent
interspecies transmission. This study also highlighted
that in bats, Coronavirus has constant population
growth, compared to viruses from all other hosts,
indicating that Coronaviruses are endemic in different
species of bats, with introductions to other animals
repeatedly as well as occasional occurrence in other
species. Moreover, bats are also likely to be the natural
hosts for all presently known Coronavirus lineages and
probably all Coronaviruses recognized in other species
were derived from viruses residing in bats (Vijaykrishna
et al., 2007). In the current scenario, the spill over of a
highly infectious zoonotic pathogen to humans, causing
COVID-19, has become a global public health security
threat. Its high transmissibility is found to be
dramatically rapid. This points towards underlying
genetic recombination events that accentuates
potentially evolving virus strains, to cross the species
barrier, as evident from established studies. Moreover,
if Ro-Bat CoV GCCDCI1 explicitly depicts an
interfamily heterologous recombination event, such
events may also occur among other viral family.
Keeping in mind such dynamic genetic modification,
apprehension is raised regarding the adaptability of
coronaviruses in new vector/host ranges. Especially, the
fact that mosquitoes are vectors of dengue, an RNA
virus with a reservoir host in bats, it’s not improbable to
think that a significant triad of connection exists. The
possibility is thus raised whereby CoVs seen to thrive in
a vast range of climatic challenge, can evolve into
strains compatible with vectors like mosquitoes.
Climate change coupled with rampant deforestation and
rapid globalisation can act as significant selection
pressures, further alleviating mutation probabilities that
can lead to transmission cycle of future CoV onsets
involving hematophagous arthropods (example:
mosquitoes and ticks) as vectors. Apart from genetic
modifications, epi-genetics changes may also
contribute towards mutable strains. Further possibilities
of CRISPR based interference of an already dynamic
gene pool of Coronaviruses, is a concerning avenue for
future evaluation.

CONCLUSION

CoVs with their genetic variability, rapid adaptability
and recombinant tendencies, poses a real and

challenging threat. Possibilities of more advanced
evolved CoV strains with new host ranges and
transmission cycles involving insect vectors, could
further complicate the disease epidemiology with co-
infection and other such instances. Thus, a
comprehensive evaluation of the disease causing agents
of the Coronaviridae family, that encompasses further
studies on their crossing of species barrier, genetic
modification rates, replicative conditions in hosts,
mutation events, cross-family recombination events and
adaptive evolution towards a vector-borne disease of the
future, is needed for holistic understanding and better
combating of imminent viral pandemics.

ACKNOWLEDGEMENT

The authors render their sincere gratitude towards Dr. S.
Dutta Roy, Head, Post Graduate Department of
Zoology, Asutosh College, Kolkata and Mr.
P.Basu,Tomas Bata University, Zlin, Czech Republic,
for their kind suggestions.

REFERENCES

Afelt, A., Frutos, R. and Devaux, C., (2018). Bats,
Coronaviruses, and Deforestation: Toward the
Emergence of Novel Infectious Diseases. Frontiers
in Microbiology, 9.

Anthony, S., Johnson, C., Greig, D., Kramer, S., Che,
X., Wells, H., Hicks, A., Joly, D., Wolfe, N., Daszak,
P., Karesh, W., Lipkin, W., Morse, S., Mazet, J. and
Goldstein, T., (2017). Global patterns in
coronavirus diversity. Virus Evolution,3(1).

Azhar, E., Hashem, A., El-Kafrawy, S., Abol-Ela, S.,
Abd-Alla, A., Sohrab, S., Farraj, S., Othman, N.,
Ben-Helaby, H., Ashshi, A., Madani, T. and
Jamjoom, G., (2015). Complete genome
sequencing and phylogenetic analysis of dengue
type 1 virus isolated from Jeddah, Saudi Arabia.
Virology Journal, 12(1).

Basu, P. and Bhattacharya, S., (2016). A new dimension
in the dengue epidemiology with special reference
to the genetic diversity of the virus: A Review.
International Journal of Fauna and Biological
Studies, 3(3) pp:29-41.

Bhattacharya, S. and Basu, P., (2014). Japanese
Encephalitis Virus (JEV) infection in different
vertebrates and its epidemiological significance: A
Review. [International Journal of Fauna and
Biological Studies, 1(6)pp:32-37.

44 | Vol.4 (2)APRIL 2020 | Malaysian Journal of Medical Research



NOVEL CORONA VIRUS (SARS CoV-2) AND GENETICALLY COMPLEX EPIDEMIOLOGY

Bhattacharya, S., Sinha, S., Baidya, D., Poddar, S. and
Sikder, 1., (2019). Emergence of Zika Virus: An
Interplay of Virus, Vector and Vertebrate Hosts.
Malaysian Journal of Medical Research, 3(4),
pp:13-25.

Briguglio, I., Piras, S., Corona, P. and Carta, A., (2011).
Inhibition of RNA Helicases of ssRNA+Virus
Belonging to Flaviviridae, Coronaviridae and
Picornaviridae Families. International Journal of
Medicinal Chemistry, pp.1-22.

de Haan, C., Haijema, B., Boss, D., Heuts, F. and
Rottier, P., (2005). Coronaviruses as Vectors:
Stability of Foreign Gene Expression. Journal of
Virology, 79(20), pp.12742-12751.

Fan, Y., Zhao, K., Shi, Z. and Zhou, P., (2019). Bat
Coronaviruses in China. Viruses, 11(3), pp:210.

Huang, C., Liu, W., Xu, W,, Jin, T., Zhao, Y., Song, J.,
Shi, Y., Ji, W., Jia, H., Zhou, Y., Wen, H., Zhao, H.,
Liu, H., Li, H., Wang, Q., Wu, Y., Wang, L., Liu, D.,
Liu, G., Yu, H., Holmes, E., Lu, L. and Gao, G.,
(2016). A Bat-Derived Putative Cross-Family
Recombinant Coronavirus with a Reovirus Gene.
PLOS Pathogens, 12(9),p.e1005883.

Kading, R. and Schountz, T., (2016). Flavivirus
Infections of Bats: Potential Role in Zika Virus
Ecology. The American Journal of Tropical
Medicine and Hygiene, 95(5), pp:993-996.

Klimpel, S. and Mehlhorn, H., (2014). Bats
(Chiroptera) As Vectors of Diseases and Parasites.
Berlin: Springer.

Monath TP., (1994). Dengue: The risk to developed and
developing countries. Proceedings from the
National Academy of Sciences USA, 91(7) pp:2395-
2400.

Monchatre-Leroy, E., Boué, F., Boucher, J., Renault,
C., Moutou, F., ArGouilh, M. and Umhang, G.,
(2017). Identification of Alpha and Beta
Coronavirus in Wildlife Species in France: Bats,

Rodents, Rabbits, and Hedgehogs. Viruses, 9(12)
pp:364.

Perlman, S. and Netland, J., (2009). Coronaviruses post-
SARS: update on replication and pathogenesis.
Nature Reviews Microbiology, 7(6), pp:439-450.

Sahin, A., (2020). 2019 Novel Coronavirus (COVID-
19) Outbreak: A Review of the Current Literature.
Eurasian Journal of Medical Investigation.

Sohrabi, C., Alsafi, Z., O'Neill, N., Khan, M., Kerwan.
A., Al-Jabir, A., losifidis, C., Agha, R., (2019).
World Health Organization declares global
emergency: A review of the 2019 novel coronavirus
(COVID-19). International Journal of Surgery. 76
pp:71-76.

Sotomayor-Bonilla, J., Daszak, P., Aguirre, A.,
Gutiérrez-Espeleta, G., Salas-Rojas, M., Rico-
Chavez, O., Rostal, M., Aguilar-Setien, A., Aguilar-
Faisal, J., Ojeda-Flores, R., Barbachano-Guerrero,
A., Chaves, A., Suzan, G. and Ibafiez-Bernal, S.,
(2014). Dengue Virus in Bats from Southeastern

Mexico. The American Journal of Tropical
Medicine and Hygiene, 91(1),pp:129-131.

Subissi, L., Posthuma, C.C., Collet, A., Zevenhoven-
Dobbe, J.C., Gorbalenya, A.E., Decroly, E., Snijder,
E.J., Canard, B., Imbert, ., (2014). One severe acute
respiratory syndrome coronavirus protein complex
integrates processive RNA polymerase and
exonuclease activities. Proceedings from the
National Academy of Sciences USA, 111(37)
E3900-E3909.

Vijaykrishna, D., Smith, G., Zhang, J., Peiris, J., Chen,
H. and Guan, Y., (2007). Evolutionary Insights into
the Ecology of Coronaviruses. Journal of Virology,
81(8), pp:4012-4020.

Wang, J., Pan, X., Zhang, H., Fu, S., Wang, H., Tang, Q.,
Wang, L. and Liang, G., (2009). Japanese
Encephalitis Viruses from Bats in Yunnan, China.
Emerging Infectious Diseases, 15(6), pp:939-942.

Malaysian Journal of Medical Research | Vol.4 (2)APRIL2020 | 45



