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Abstract:- The highly contagious coronavirus disease
2019 (COVID-2019) pandemic's etiology is the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). The disease is highly infectious and spreads majorly
from person to person as well as by contact with viral
droplets in the environment. While the role of human-to-
human transmission is well elucidated, the significance
of environmental transmission is not so clear. This study
aims to evaluate the importance of the environment in
COVID-19 spread through phylodynamic analysis of
environmental isolates. Two thousand and ten (2010)
whole-genome sequences from samples such as
wastewater, sewage, freshwater, and hospital beds from
14 countries were retrieved from GISAID and
investigated to determine trends and patterns. R,
MAFFT, and Figtree software were used to conduct the
analysis. Results from this study showed that Austria
recorded the highest isolate caseloads with 1287 samples
(about 649%6). Wastewater recorded the majority of
isolates with 1918 samples (97%) followed by sewage
with 22 samples (1%). Isolates from freshwater and
hospital beds were the least with 1 sample apiece. The
most occurring clade and lineage is the GK clade lineage
B.1.617.2. The research shows similarities in the
phylogeny of isolates from different geographical areas
that were all found in the same cluster, further
suggesting the possibility of a common ancestor. It also
sheds light on the role of novel transmission routes like
wastewater in the spread of COVID-19 as well as the
importance of measures like hand washing as a control
measure.
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l. INTRODUCTION

In addition to respiratory droplets from an infected
individual (Bourouiba, 2020; Chan etal., 2020), SARS-
CoV-2 can also be spread by fomites(Martin et al., 2020),
fecal-oral(Gu etal., 2020), and human-to-human contact
pathways. It can also be transmitted through contact with
mucous membranes of the mouth, nose, and eyes with
contaminated surfaces through touch. Given that SARS-
CoV-2 has been found in wastewater, cleaning swabs, air,
sewage sludge, and river water around the globe, the ability
of COVID-19 patients to disseminate the virus raises
concerns about the virus invading many ecological systems.
(Patel et al., 2021).

The role of environmental sources like fomites, food,
and air as well as the impact of factors such as climate
change and water transfer on the transmission of SARS-
CoV-2 has been emphasized in several recent studies
(Eslami et al., 2020). In the study conducted by (Kampf et
al., 2020), The importance of inanimate surface contact in
the transmission of SARS-CoV-2 was emphasized. SARS-
CoV-2 is known to last on surfaces for days at room
temperature, increasing the likelihood that it will be
transmitted by contact (Kampf et al., 2020; Van et al.,
2020). Moreover, the presence of the SARS-CoV-2 virus in
wastewater treatment facilities has been validated by other
studies (Hindson et al., 2020; Medema et al., 2020; Naddeo
et al., 2020). According to the WHO Coronavirus Disease
Situation Dashboard, as of August 8th, 2022, there were
579,092,623 confirmed cases of COVID-19 worldwide,
including 6,407,556 fatalities. A significant number of these
cases may have been caused by environmental sources.
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Regardless of the potential modes of COVID-19
transmission, it is critical that there is clarity on the mode of
transmission of this disease in order to aid in the prevention
of its spread among health workers and the general public
(Hadei et al., 2020; Lewis, 2020; Noorimotlagh et al.,
2021).

Genomic sequencing and phylogenetic analysis are
recent tools used in tracing the spread and evolution of
coronavirus disease both locally and globally (Martins et al.,
2021; du Plessis et al., 2021). These tools can help to
unravel the cryptic transmission chains that are not detected
by travel history or contact tracing (Bedford et al., 2020).
The combination of genomic studies, contact tracing, and
evaluation of travel records is vital in enhancing current
knowledge of how this virus is transmitted (Aggarwal et al.,
2020). The study of genomic epidemiology aids in
reconstructing the geographic distribution of viruses and is
crucial for determining key epidemiological parameters such
as a virus's fundamental reproductive capacity, its growth
rate, the incidence of diseases, and patterns of disease
prevalence. (Miller et al., 2020). This knowledge has been
useful in making policy on the prevailing pandemic
(Bedford et al., 2020; Fauver et al., 2020).

The focus of this study is to investigate the prevalence
of COVID-19 in the environment globally and to determine,
by phylodynamic analysis, major patterns and trends among
different environmental isolates. It is believed that this
would enable us to have a better understanding of the
possible means by which the virus is transmitted within an
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environment. In this study, we analyze the phylodynamics
of SARS-CoV-2 in relation to its environmental distribution
to better understand the degree of environmental
contamination. This will help in expanding current
knowledge about the virus’ transmission route with the aim
of proffering effective public health measures in order to
curtail its spread.

1. RESULT

Of the 2010 SARS-CoV-2 isolates’ metadata obtained
from GISAID, only 1986 isolates were analyzed as 24 of
them had incomplete datasets and could not be analyzed.
The analysis was based on geography, specimen, clade,
lineage, and collection date.

» Geographic Distribution

e Case distribution per country

The analysis of the dataset with respect to the global
distribution of reported occurrences revealed that, with 1287
samples, Austria has the greatest dispersion. followed by the
USA with 625 samples. These two nations constitute the
bulk of the SARS-CoV-2 sequences from environmental
isolates available on the GISAID database, collectively
accounting for about 97% of all reported observations. The
remaining 12 nations made up 3% of the cases, with China
and Liechtenstein both taking 1% apiece. The distribution of
cases per country is shown in Figure 1

Fig 1 A Map showing the case distribution per country

IJISRT23SE068

WWW.ijisrt.com 305


http://www.ijisrt.com/

Volume 8, Issue 9, September — 2023

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

e Specimen distribution per country
Further analysis also showed that Austria, Liechtenstein, and the United States had the bulk of their isolates obtained from
wastewater, while China had the majority of positive samples obtained from swabs of outer packaging of cold-chain products.

(Figure 2)
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Fig 2 Chart Showing Specimen Distribution Per Country

e Clade and lineage distribution per country

The majority of the isolates obtained from the USA, Liechtenstein, and Austria were part of the GK clade, while China had
more of the GR clade. Austria also had a significant proportion of GRA and GRY clades. Figure 3 shows the distribution of these
clades per country.

Furthermore, while there was a fairly even distribution of the lineages across the countries, Austria had more of the AY.43,
B.1.1.7, and B.1.617.2 lineages; China had more of the B.1.1 and B.1.1.317 lineages; Liechtenstein had a more even distribution
across the lineages along with USA, but a sizable number of USA isolates were under the B.1.617.2 lineage. A detailed analysis of
the lineage per country can be found in the supplementary file (S3)
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Fig 3 Chart Showing the Clade Distribution of Countries
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o Time Distribution per country

It was also deduced from the study that the USA recorded the first environmental isolate in February 2020 (Figure 4). This
was closely followed by isolates from China the following month. Austria recorded its first case in November 2020 and frequently
had the most cases per month for the rest of the period under review, with the exception of three months in which more cases were
recorded in the USA. It is of note that Austria recorded the highest number of monthly cases in the month of November 2021. The
number of cases started to decline from January 2022, and by May 2022, only 5 cases were recorded across all countries.
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Fig 4 Chart Showing the Collection Date of Isolates by Country

e Specimen distribution across continents

On a continental level, Europe had the highest number of cases, followed by North America, while Africa had the lowest
number of reported cases. The majority of isolates were obtained from wastewater across all continents, with the exception of
Asia, which had swabs from the outer packaging of cold chain products accounting for approximately 80% of their cases. (Figure
5)
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Fig 5 Chart Showing Specimen Distribution Per Continent
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o Clade and lineage distribution across the different continents
The isolates from Europe and North America were majorly from the GK clade, while Asian and South American isolates
were predominantly from the GRA clade. Figure 6 revealed that all of Africa's cases were within the G clade.
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Fig 6 Chart Showing the Clade Distribution of the Continent.

Most of Europe's cases fell within the AY.43, B.1.1.7, and B.1.617.2 lineages, while Asia had more of the B.1.1 and
B.1.1.317 lineages; North America had a more even distribution across the lineages but with a concentration of cases at the
B.1.617.2 lineage. A detailed analysis of the lineage distribution by continent can be seen in Supplementary File (S4)

o Time distribution per continent

It was also deduced from the study that North America recorded the first environmental isolate in February 2020. This was
closely followed by isolates from Asia the following month. Europe recorded its first case in November 2020 and consistently
recorded the highest number of cases per month for the rest of the period under review, apart from a few months in which North
American cases superseded. It is of note from Figure 7 that the highest number of cases per month was recorded in Europe in
November 2021. The number of cases started to decline from January 2022, and by May 2022, only 5 cases were recorded across

all continents.
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Fig 7 Chart Showing the Collection Date of Isolates Per Continent
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» Specimen Distribution

¢ Clade distribution among different specimens

Evaluation of the dataset with respect to specimens showed that most isolates from wastewater, which had the bulk of
samples, were from the GK clade (about 67%) (Figure 8). Sewage is a distant second and has an even distribution across the
different clades. Other specimens like air samples and fresh water are solely from the GH and GR clades, respectively.
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Fig 8 Chart Showing Clade Percentage Per Specimen

o Time distribution of specimen collection

Door handle swabs were the first samples collected in February 2020, followed closely by environmental and nasal swabs
the following month. It can be seen from Figure 9 that wastewater had the highest collection rate from November 2020, peaking in
November 2021 before declining monthly till May 2022 when just 5 cases were recorded.
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Fig 9 Chart Showing Specimen Distribution by Collection Dates
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o Lineage distribution across different specimen

Wastewater had a fairly even distribution with most
lineages represented. However, there was a dominance of
the B.1.617.2 lineage with about 40% representation.
Freshwater, hospital bed, and door handle samples had
absolute representation within the P1, AY 100, and Al
lineages. Environmental swab was distributed across B.1,
B.1.1, B.1.1.294, B.1.1.317, and B.1.1.7 lineages. A detailed
analysis of the lineage distribution can be seen in the
supplementary file (S5)

> Clades Distribution

e Lineage Distribution per clade

Of the 10 clades present, GK had the highest number
of lineages and the highest number of isolates; it has
B.1.617.2 as its highest occurring lineage.
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GRY comes second in the number of isolates but has
just two lineages: B.1.1 and B.1.1.7. A detailed analysis of
the lineage distribution per clade can be seen in the
supplementary file (S6)

o Time distribution of Clade

The S clade was the pioneer clade detected in February
2020, followed by the G and GH clades the following
month. GK, the most predominant clade, was detected most
often in December 2021. (Figure 10). G and GH also had a
significant presence, occurring in most months under
review. The GRA clade, reported in May 2022, was the last
clade reported in the period under review.
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Fig 10 Chart Showing Clade Distribution Per Collection Date

» Lineages

There were 98 lineages in total appearing across the specimens collected over the period under review. B.1.617.2 was the
most prevalent lineage, followed by B.1.1.7. A few lineages had just one isolate each, reflecting them. (Figure 11)
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Fig 11 Chart Showing Lineage Distribution
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> Collection Date

The collection of environmental samples started in February 2020 and a total of 1986 well-documented samples were
sequenced as of 31st June 2022. December 2021 was the month with the highest sample collection, followed by November 2021.
The number of cases started declining from January 2022, and just five cases were recorded for the month of May 2022. Figure 12
shows a detailed view of the number of cases recorded per month for the review period.
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Fig 12 Chart Showing Collection Date Distribution

» Phylogeny
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Fig 13 Phylogeny Tree of Isolates from SARS CoV 2 Isolates from the Environment
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It can be observed from the tree that there were three
distinct clades and 55% of the isolates, majorly isolates from
Austria, China, France, and USA, share close similarity with
the reference genome. The intermediate clade consists
mainly of isolates from USA while the most recently
evolved has both USA and Austria closely linked together

. DISCUSSION

Upon filtering the retrieved dataset, only 24 isolates
were removed due to an incomplete dataset, indicating that
adequate  record-keeping practices were used in
documenting the cases. Analysis of the remaining data
revealed a number of trends as regards the proliferation of
the isolate in the environment.

According to the geographic distribution of the SARS-
CoV-2 sequences from environmental isolates based on their
locales, Brazil and Liechtenstein had the fewest samples,
while Austria had the most cases that had been reported.
Austria is a central European nation with 8.8 million
inhabitants and a highly advanced national epidemiological
monitoring network.. Contact tracing had been completed
for all 21,821 reported SARS-CoV-2-positive patients as of
August 7, 2020. 10,385 of these cases were connected to
epidemiological clusters. A considerable overlap between
these two lines of evidence was found when epidemiological
data and phylogenetic analysis of Austrian SARS-CoV-2
sequences were combined. 199 of the 345 sequences (or 65
percent) were allocated to epidemiological clusters (Popa et
al.,, 2020).. In contrast, SARS-CoV-2 epidemiological
surveillance was insufficient in Brazil and Liechtenstein
because of their middle-income status (World Bank, 2022).
The Brazilian government's response to the outbreak has
also generated some controversy. Their President's
opposition  to  social isolationist measures and
underestimation of the importance of the COVID-19 safety
protocols serve as proof of this (Lancet, 2020). The USA
was second in terms of caseload, though it reported less than
half of the cases Austria reported. With a population of
about 329 million and spanning about half the landmass of
the North American continent, it shows a less-than-par
surveillance program compared to that of Austria.

It was also discovered that the most common specimen
isolates retrieved from Austria and USA were wastewater.
This could be as a result of the policy adopted by these
nations to test environmental samples to gauge viral load
among the population, as it was becoming increasingly
difficult to get people to undergo tests (National Wastewater
Surveillance System, 2022). China instead had a larger
percentage of their isolates from the outer packaging of cold
chain products. This is in line with China's position as a
manufacturing and exporting hub. According to a study by
Ma et al. (2021), there have been occasional instances of the
nucleic acid of the COVID-19 virus being found on the
packaging of imported cold-chain chicken and cold-chain
shrimp in China. The study strongly suggested that the
Dalian COVID-19 outbreak was caused by COVID-19
virus-contaminated imported cold-chain seafood products,
suggesting the possibility of COVID-19 virus transmission
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through cold-chain products. This is also corroborated by
epidemiological investigations, laboratory testing (nucleic
acid and antibody detection), and full-length genome
sequencing. The low number of cases, on the other hand,
could be an indication of a lack of commitment to goods
surveillance, which is required to prevent virus exportation
or an indication of the success of China's aggressive zero-
case policy.

USA, Liechtenstein, and Austria isolates were largely
of the GK clade. This shows the consistency of the strain
circulating in the environment of these countries. In
contrast, China had more of the GR clade. This variation can
be chalked up to the distance between the countries and the
effectiveness of transboundary control measures. This is in
contrast to a study by Mercatelli et al. (2020), which
proposes that the G clade and its progeny, GH and GR,
currently make up the majority of SARS-CoV-2 genomes
that have been sequenced, making up 74 percent of all
worldwide sequences. The SARS-CoV-2 population is
currently represented most frequently globally by the GR
clade, which carries the Spike D614G and Nucleocapsid
RG203KR mutations. Clade L, which represents the initial
viral strain, still makes up 7% of the sequenced genomes,
while the derived clades S and V have comparable
frequencies in the whole dataset. Our study also highlights
the organism’s inability to mutate effectively outside of the
human host. This is in line with a study carried out by
Mercatelli et al. (2020), in which about 48,635 samples
were investigated. This study suggests that with an average
of 7.23 mutations per sample in comparison to the reference,
the virus has a low mutation rate of the genomic sequences
for SARS-CoV-2

There were 98 lineages identified across all the isolates
reported, and each country had its own unique set of
lineages. For example, while Austria had more of the
AY.43, B.1.1.7, and B.1.617.2 lineages, China had more of
the B.1.1 and B.1.1.317 lineages, and a sizable number of
the USA isolates were under the B.1.617.2 lineage. This is
in line with the inference from the clade distribution that
showed that there was a significant difference between the
types of isolates circulating within different regions.

The first environmental sample was taken and
sequenced in February 2020. This was three months after
the virus was discovered in China. The USA was the first
nation to record an environmental case. China followed
closely the next month, but the USA showed more monthly
consistency in the following months. Austria started its first
environmental testing in November 2020 and quickly
surpassed the USA in the number of cases per month. This
is an attestation of Austria’s sequencing capabilities. As
earlier noted, China's lack of cases in the following months
after its first case can be chalked up to its zero-case policy
as China was able to bring the spread of the virus under
control earlier and better than other nations. (Hazra, 2022)
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On a continental level, Europe had the highest number
of cases, most of which were reported by Austria. The ease
of movement across European nations could have
contributed to the high number of cases. This was
highlighted by Al-Salem et al. (2021) in their study that
stated that the spread of COVID-19 was made worse by free
travel within Europe. North America came second, with the
USA contributing the most. Africa had the least number of
cases, and while the continent reported a relatively low
number of human cases at the peak of the pandemic, the low
environmental cases could be a result of the gross lack of
sequencing capabilities across the continent rather than the
low proliferation of the virus. It is also of note that the few
cases reported were from Morocco and none from the sub-
Saharan region of the continent.

Wastewater was the most collected sample and hence
the most reported across Africa, Europe and North America.
Asia had outer packaging of cold storage goods and
environmental swabs forming the bulk of its samples, while
South America had sewage. The continents with a large
proportion of wastewater samples comprise countries with
good sequencing technologies like Austria and are able to
make use of environmental tests to gauge the viral load
among the population. Asia, being dominated by China, as a
major goods production hub, had environmental swabs and
outer packaging of cold storage goods as its main sample

types.

Europe and North America had the GK strain
circulating predominantly in the environment. Other strains
were also represented but in lesser quantities than the GK
strain. The similarities in strains across the different
continents are an indicator of the travel patterns between the
two continents. Asia and South America had more of the
GRA clade, reflecting the effect of the large distance
between the eastern and western continents as well as the
effectiveness of transboundary control measures.

Most European and North American cases fell within
the AY.43, B.1.1.7, and B.1.617.2 lineages, reflecting the
similarities in clade, while Asia had more of the B.1.1 and
B.1.1.317 lineages, reflecting the differences in clades as
mentioned earlier.

At a distance of around 5 m, droplets transmit SARS
viruses predominantly via respiratory infections, but they
can also be indirectly transmitted by fomite through contact
with contaminated items, fecal-oral pathways, and airborne
transmission (Wang et al., 2005; Naddeo et al., 2020).
According to the results of the distribution of SARS-CoV-2
environmental sources, samples separated from wastewater
had the highest frequency of sequences, whereas samples
from hospital bed swabs, door handles, and freshwater had
the lowest frequency. The prevalence of SARS-CoV 2 in
wastewater could be a result of the high nutrient level in the
source. This corresponds to Cheng et al. (2020) observations
on air and ambient samples of SARS-CoV-2 near hospital
patients with COVID-19. Their analysis showed that all
samples taken from the air sources for patients who were
individually segregated in isolation rooms for airborne
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infections were negative for SARS-CoV-2 RNA. Door
knobs and mobile phone surfaces were found to have lower
contamination levels than other ambient samples. Following
this, Gundy et al. (2020) and Ahmed et al. (2020) found the
presence of coronavirus RNA in both symptomatic and
asymptomatic SARS and COVID-19 patients' feces when
they were exposed to raw sewage. They proposed a
hypothesis for the virus' persistence in sewage for 14 days at
4 °C and 2 days at 20 °C, along with the likelihood of
finding its RNA within eight days, as their study's
conclusion.

Results from our study are at variance with those of
other studies (Randazzo et al., 2020). This suggests that
because of the virus' vulnerability to disinfectants and weak
environmental stability, SARS-CoV-2 may pose a lesser
danger in wastewater than in sewage. According to this
study, there were more findings in wastewater than in
sewage. This could be due to the fact that selected countries
relied more on wastewater as a means of surveillance
(National Wastewater Surveillance System, 2022). SARS-
CoV-2 RNA may be found in raw sewage, according to
reports from two hospitals in Beijing, China, even if there
may not always be any live SARS-CoV-2 left after chlorine
treatment. SARS-CoV-2 was recovered from both feces and
urine, and its RNA was discovered in both. (Wang et al.,
2019). However, SARS-CoV-2 was discovered for days on
personal objects, bathroom, room, and floor surfaces, as
well as plastic, stainless steel, copper, and cardboard. (Van
et al., 2020). Days-long persistence was also observed on
inanimate surfaces, including wood, ceramics, metal, glass,
garbage, containers, and bags. (Van et al., 2020).

Aerosolization from toilet flushing, a defective
plumbing system, and other sources might result in fecal-
oral transmission of SARS-CoV-2 due to its presence in
sewage and feces (Heller et al., 2020). The results of Van et
al. (2020), who observed a significant rate of SARS-CoV-2
viral fecal-aerosol transmission among affected people in
Italian cities, possibly related to aerosol exposure, may lend
credence to this. Aerosol transmission may be a more likely
method of COVID-19 transfer than fecal-oral transmission
in terms of its worldwide dissemination. According to data
from earlier studies, several researchers concur that the
primary mode of transmission for SARS-CoV-2 is through
the air.

It was shown by Morawska et al. (2020) that SARS-
CoV-2 may survive and spread through aerosols for up to
hours and on surfaces for up to two days, underscoring the
likelihood of both aerosol and fomite transmission. Also
noted by Fear et al. (2020) is the fact that SARS-CoV-2
typically retains infectivity while airborne over short
distances and remains for longer durations than when
formed as respiratory particles. When transferring
contaminated solid waste away from local populations in
developing nations with subpar waste management
procedures, garbage collectors and pickers risk becoming a
source of infection for their neighborhood if proper handling
practices are not used (Nghiem et al., 2020).
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Among the different samples used, varying clade
prevalence was also observed. For instance, while
wastewater showed the presence of all the different clades,
GK was the most prevalent, consisting of about 67% of the
cases. Similarly, sewage also showed the presence of a
variety of clades but had a dominance of the GRA clade,
whereas samples like air samples, door swabs, freshwater,
and hospital bed swabs had predominantly one clade each:
GH, S, GR, and GK, respectively. This is in contrast to
Hamed et al. (2021), which showed that GR was the most
prevalent clade followed by GV and GH, indicating a
difference between clades prevalent in the environment and
in humans. This could be an indication of the potential of
different clades to thrive in different environments. GK and
GRA show a propensity to exist in human waste products,
while G, GH, and GR can better survive on non-biological
materials.

The first sets of samples to be collected were door
handles, environmental and nasal swabs. Wastewater
samples were first taken in November, which coincides
with the timeline at which scientists started using waste
products to conduct viral load tests (National Wastewater
Surveillance System, 2022). This was done consistently until
December 2021. The number of tests done per month
experienced a sharp decline, a reflection of waning efforts at
viral surveillance.

B.1.617.2 was the most prevalent lineage in the
wastewater samples, dwarfing all other lineages in terms of
representation. Nevertheless, the study shows the ability of
the different lineages to thrive in biological samples as
opposed to the non-biological samples that showed a
tendency to allow the existence of a limited number of
lineages. For example, freshwater, hospital bed, and door
handle samples had a singular lineage presence of P1, AY
100, and Al lineages, respectively.

There were 10 clades represented from all the isolates
sequenced, with GK having the highest representation
followed by GRY. GK had the B.1.617.2 lineage mostly
expressed, while GRY had two lineages: B.1.1 and B.1.1.7
expressed. The S clade was the first, followed by the G and
GH clades. While the appearance of the G clade spans the
entire period under review, clades like GR and ERA were
evident only for a short period of time (January 2021 to May
2021 and January 2022 to May 2022, respectively). This
signifies the ability of clades to either spread
simultaneously, as is the case of G, GH, and GR, or the
clades to dominate, as is the case of GRY and GRA. This is
buttressed by Singh et al. (2021), who stated that clades V
and G first emerged around the middle of January, then
clades GH and GR toward the end of February, clade GV
toward the end of June, and clade GRY toward the end of
September 2020. Clades L and V are most likely extinct,
whereas clades G, GH, GR, and GRY account for the vast
majority of SARS-CoV-2 sequences found worldwide.
Since Clade G first appeared, Clade S has likewise been in
decline. It was also discovered during analysis that the GRA
was the most prevalent clade at the time of this study.
Contained in the 10 clades are 98 lineages appearing across
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all countries during the period under review. The highest
occurring lineage was B.1.617.2, followed by B.1.1.7.

The number of environmental tests done per month has
declined over the past 6 months prior to this study. This
could be due to the virus's decreased prevalence, a lack of
public attention to the virus, or governments' lax response
policies.

The majority of isolates being of the root clade
confirms the earlier stated inference that the virus is unable
to effectively mutate outside of a human host. The
predominance of the Austrian and USA isolates in the most
recently evolved clade can be said to be as a result of the
cross-border transfer of the virus. This is probably due to the
combination of relaxed COVID-19 travel protocols along
with the high level of trade between the nations (U.S.
Relations With Austria, 2021). Also of note is the fact that
the highest traded goods between both nations are flavored
water, serums, vaccines, and cultures (Guichard, 2022),
which could be viable reservoirs for the virus.

(AVA METHODOLOGY

» Data Retrieval

The GISAID database's SARS-CoV-2 isolates from
environmental sources that had whole genome sequences
available as of June 30, 2022, were retrieved. A filtering
criterion that solely considers high coverage level,
environmental samples, and whole genome was applied,
which led to the retrieval of a total of 2010 SARS-CoV-2
complete sequences. Sequences were obtained from a total
of 14 countries. To learn more about specific sequences, the
metadata for the sequences was also taken from the GISAID
database. A total of 24 sequences with incomplete metadata
sets were then removed to avoid analytical errors, thereby
reducing the number of valid sequences available for
analysis to 1986. The Supplementary file (S1) includes a
table with comprehensive details on the 1986 SARS-CoV-2
sequences utilized in this work. Changes were also made to
sort samples used, as isolates from similar sources were
grouped under a uniform heading. These changes can be
seen in the Supplementary file (S2).

» Analysis of Data

This study examines and identifies trends and patterns
in SARS-CoV-2 genomes derived from environmental
sources using information that was retrieved along with
nucleotide sequences from the GISAID database. The
relationships among the different characteristics under
examination were analyzed and determined, and the results
were expressed graphically using Microsoft Excel
(MICROSOFT EXCEL, 2010) and R (v1.2.1; Appelhans et
al., 2015). Graphical representations of the comparisons
were created to compare SARS-CoV-2 isolates according to
their location, source, clade, and lineage. The environmental
source from where the isolates were collected was
highlighted in order to provide light on potential channels
via which this virus can spread within a certain geographic
area. Knowing this will make it easier to propose ethical
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laws, rules, and practices that will reduce COVID-19's
exponential expansion and future environmental stress.

» Phylogenetic Analysis

The NC 045512.2 SARS-CoV-2 reference Wuhan
genome was retrieved from the NCBI Gen Bank. The
recovered 1986 SARS-CoV-2 isolates' whole genome
sequences were aligned with reference NC 045512 using
MAFFT version 7 (Katoh et al., 2019; Kuraku et al., 2013)
set to the default settings. To determine the common
ancestor shared by each strain, a neighbor-joining tree was
built using the MAFFT phy ML engine based on the aligned
sequences and bootstrapped at 500. (Tingting et al., 2020).
The tree was then viewed using Figtree v1.1.4 (Rambaut,
2010)
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VI. CONCLUSION

Because coronaviruses have a complex genetic makeup
and a strong susceptibility to genetic mutations and gene
recombination, the likelihood of interspecies transmission is
increased (Helmy et al., 2020). Our findings indicate that
Austria has significantly contributed the most sequences,
clades, and lineages to the database. The least number of
sequences, clades, and lineages are found in sequences from
Brazil and Liechtenstein. The Wuhan-Hu-1 reference
genome had a 90% similarity with 1108 nucleotide
sequences from this study's multiple sequence alignment,
indicating shared evolutionary origins. The patients' travel
history to the infection hotspot may be connected to this
(China). The results of the phylodynamic analysis showed
the period of the most recent common ancestor of the viral
isolates that were collected and the beginning of an
epidemic in a particular population (Sang, The phylogenetic
study of the SARS-CoV-2 sequences shows that while there
are many areas of contact between the American and
Austrian sequences, the bulk of the American sequences
differ significantly from the Austrian sequences in terms of
evolution.

On the other hand, the Austrian and Chinese sequences
have homology in common. Regardless of the geographic
location of the sequences, the phylogeny of SARS-CoV-2
whole-genome sequences from Austria, the United States,
China, Brazil, and Liechtenstein showed that the SARS-
CoV-2 viruses were all grouped together. This raises the
idea that all SARS-CoV-2 strains have a recent common
ancestor or that the virus strain was spread throughout the
various nations.
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In summary, our work demonstrates how SARS-CoV-
2 isolates from distinct geographic regions are genetically
connected and trapped in the same cluster regardless of their
environmental circumstances. This demonstrates how their
common progenitor may have existed. Additionally,
wastewater may be a route for virus transmission, as
evidenced by the high prevalence of SARS-CoV-2 from
environmental sources in specimens isolated from
wastewater samples. Wastewater is also a useful tool for
determining the viral load in a population without the
constraints of human cooperation. Before being released
into the environment, wastewater produced from various
facilities must undergo thorough treatment in order to
further stop the spread of the dangerous virus. Investing in
sequencing technology can help nations better understand
the trends and patterns of viral propagation domestically.
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