Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2020 d0i:10.20944/preprints202009.0375.v1

Article

Unexpected Co-infection with Different Strains of
SARS-CoV-2 in Patients with COVID-19

Hayder O.Hashim !, Mudher K. Mohammed 2, Mazin J. Mousa 3, Hadeer H. Abdulameer ¢, Alaa
T.S. Alhassnawi 5, Safa A. Hassan ¢ and Mohammed Baqur S. Al-Shuhaib 7*

1 Department of Clinical Laboratory Sciences, College of Pharmacy, University of Babylon, Babil 51001, Iraq;
phar.hayder.obayes@uobabylon.edu.iq; orcid: https://orcid.org/0000-0001-8933-0994

2 Department of Pharmacy, Al-Manara College of Medical Science, Iraq; ph.mudher79@gmail.com

3. Department of Clinical Laboratory Sciences, College of Pharmacy, University of Babylon, Babil 51001, Iraq;
phar.mazin jaafar@uobabylon.edu.iq or mazin.mousa@gmail.com; orcid: https://orcid.org/0000-0003-2209-
010X

4 Faculty of Education for Girls, University of Kufa; hedearl. h@gmail.com

5 Department of Biology, College of Science, University of Babylon, Babil 51001, Iraq; alaatark79@yahoo.com

¢ Babylon branch, Alfadhel for Training and Development Company; al7507242@gmail.com

7. Department of Animal Production, College of Agriculture, Al-Qasim Green University, Al-Qasim, Babil
51001, Iraq;

* Correspondence: mohammed79@agre.uoqasim.edu.iq or baquralhilly_79@yahoo.com; orcid:
https://orcid.org/0000-0002-6458-2068
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Abstract: There is a rising global concern for the ongoing outbreak of SARS-CoV-2 due to its high
transmission rate and unavailability of treatment. Through the binding of its spike glycoprotein
with angiotensin type 2 (ACE2), SARS-CoV-2 can efficiently get in the cells of patients and start its
pandemic cycle. Herein, the biological diversity of SARS-CoV-2 infection was assessed in Babylon
province of Iraq by investigating the possible genetic variations of the spike glycoprotein. A
specific coding region of 795 bp within the viral spike (S) gene was amplified from 19 patients
who suffered from obvious symptoms of SARS-CoV-2 infection. Sequencing results identified
fifteen novel nucleic acid variations with a variety of distributions within the investigated
samples. The electropherograms of all the identified variations showed obvious co-infections with
at least two different viral strains per sample. Within these co-infections, the majority of samples
exhibited three nonsense single nucleotide polymorphism (SNP)s, p.301Cdel, p.380Ydel, and
p-436del, which yielded three truncated SARS-CoV-2 spike glycoproteins of 301, 380, and 436
amino acids length, respectively. The network and phylogenetic analyses indicated that for all
viral infections were derived from multi-ancestral origins. Results inferred from the specific clade-
based tree entailed that some viral strains were derived from European G-clade sequences. In
conclusion, our data demonstrated the absence of any single strain infection among all
investigated viral samples in the studied area, which may entail a higher risk of SARS-CoV-2 in
this country. Through the identified high frequency of truncated spike proteins, we suggest that
defective SARS-CoV-2 may depend on helper strains having intact spikes in its infection.
Alternatively, another putative ACE2-independent route of viral infection way also suggested. To
the best of our knowledge, this is the first report to describe the co-infection of multiple strains of
SARS-CoV-2 in patients with COVID-19.

Keywords: co-infection; SARS-CoV-2; spike glycoprotein; stop mutations

1. Introduction
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Coronavirus disease 2019 (COVID-19) is a pandemic of a severe acute respiratory syndrome
(SARS) caused by novel coronavirus SARS-CoV-2, which has first been reported in Wuhan, China
in late 2019. It has been classified as one of the three beta coronaviridee that cause the highest
infectivity and pathogenesis in contemporary history after SARS-CoV-1, and MERS-CoV [1, 2].
Since its emergence as a newly identified pathogenic virus, SARS-CoV-2 has a widely known rapid
spread in a relatively short time scale with a catastrophic pandemic sequel all around the globe on
healthcare systems, economy, and social aspects.

Despite the preventive measures imposed by many governments around the world, the
discrepancy in the cumulative mortality rates between the states in America and even between the
western European countries by mid-June, 2020 has been observed. This limitation in the viral
confrontation can be attributed to many causes, such as failure to adhere to measures of social
distancing, presence of concomitant chronic diseases that are strongly correlated to mortality (co-
morbidities), the preparedness of health systems capabilities to cope with the pandemic, and other
related factors [3]. Despite the rapid progress of the phylogeny and the genetic map of the SARS-
CoV-2, the incidence of concomitant mixed infections with different strains has not been reported
[4]. SARS-CoV-2 is highly similar to SARS-CoV that has resulted in an epidemic in China in 2002.
Nucleotide substitutions have been suggested as the major route of natural evolution through
which SARS-CoV has been developed to SARS-CoV-2. However, both viral entities use their spike
(S) glycoprotein to recognize angiotensin type 2 (ACE2) on cell surfaces for the subsequent
internalization into the cytoplasm of the host. The high rate of prevalence of SARS-CoV-2 and the
acceleration of infection spread raises many questions concerning the emergence of new strains by
mutations. However, it has not been stated whether these developed viral strains are more virulent
than the original SARS-CoV strain [5]. The early results obtained from the analysis of the genetic
sequence showed the presence of several mutations in SARS-CoV-2 compared to the genetic
sequence of the original SARS-CoV viral strain from Wuhan [6]. Furthermore, new strains have
been registered with higher virulence than the original Chinese SARS-CoV-2 isolates. These newly
diagnosed strains emerged as a result of a point mutation of D614G that causes changes in viral
spike glycoprotein by rendering it more resistant to cleavage during viral replication [7].
Furthermore, recent reports illustrated that there are more than 30 distinguishable mutations in
different sites of the coding region of SARS-CoV-2 genomic sequences. These viral strains having
these mutations have been known to exhibit effective distribution in different locations around the
world [8].

It deserves to note that there are several alternative routes of viral entry into human cells other
than through hooking to ACE2, for example through sialic acid [9], CD 147 [10], CD 209L [11] and
by endocytosis [12]. These mechanisms may enhance virulence and act as substitutes for spike-
ACE2 interaction and viral internalization. Any mutation involving the receptor-binding domain
may cause the generation of inactive spike proteins that have been expected to decrease viral
virulence. However, this issue can be solved by the coexistence of multiple strains with the
simultaneous potential to infected the same individual. It is well known that this pattern of
infection is called concurrent infection or co-infection [13]. The co-infections can be originated by
direct transmission of multiple strains or in a sequential pattern when an infected person is re-
infected with another strain before recovery [14]. The interaction of multiple strains with each
other’s during co-infection can lead to an alteration of epidemiological behavior [15]. This
alteration can include the incidence of cyclical pattern and strain replacement which may enhance
the viral co-infectivity by several postulated mechanisms [16, 17, 18]. Given the rapid spread of
COVID-19 globally, investigations are underway to better understand the genetic variation and
emergence of this outbreak starting from the original Wuhan city to the last region these viral
particles have been attended. It is may also be rational to explore the rate of mutations of SARS-
CoV-2 in remote places from Wuhan, such as Iraq, which is a country with noticeably increased
cases of COVID-19 since the beginning of 2020. Taken all of these data in our consideration, this
study was designed to reveal the genetic variations of SARS-CoV-2 in Babylon province, which is
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one of the Iraqi cities suffering from an ongoing acceleration in the reported pandemic with
COVID-19.

2. Materials and Methods

2.1. Viral samples

Nineteen nasopharyngeal swabs from patients with COVID-19 were kindly provided from the
medical staff of Iraqi Health Laboratory, Ministry of Health. The detection of the presence of this
SARS-CoV-2 was conducted by the medical staff of the Babylon Central Health Laboratory using
the COVID-19 SARS-CoV-2 Real-TM kit (Sacace, Italy). Swabs were collected in a universal viral
transport medium (Capricon Scientific, Germany) following the World Health Organization (WHO)
guidelines. All the involved swaps were from six different areas in Babylon province
(Supplementary File). No other personal data of patient identifiers were provided, and specimens
were labeled with random numbers so that test results cannot be linked to the involved individuals.
Ethics approval was not sought because the collected viral swaps were part of laboratory validation
for those patients. The secondary use of these anonymous pathological specimens was certified by
the Ministry of Health Review Board (1318/24-08-2020).

2.2. RNA Extraction and reverse transcription

For RNA extraction from Nasopharyngeal swabs, a nucleic acid purification kit based on a
magnetic bead method was used following the manufacturer’s instructions (Cat No. DA0630,
DAAN Gene, China). The purity and quantity of the viral RNA were determined using NanoDrop
(Biodrop, uLITE, UK). For downstream studies, samples with the 260 nm/280 nm ratio higher than
1.7 were used in subsequent analysis. The first-strand cDNA was synthesized using AccuPower®
RocketScriptTM RT PreMix (Bioneer, Korea). The RT-PCR experiment was started using 2 pl of
total RNA, random hexamer 100 pmoles, in a final reaction volume of 20 ul. Thermocycling was
conducted on Biometra TRIO thermal cycler (Analytik Jena, Germany). Primer annealing condition
was adjusted at 15 C° for 10 min, and cDNA synthesis was started at 42 C°® for 30 min and heat
inactivation was adjusted to 95 C° for 5 min.

2.3. PCR

One PCR fragment of 795 bp was designed in this study using NCBI Primer-BLAST software
[19]. The main designing approach for this fragment was made to partially cover 264 amino acids,
starting from 217 to 480 amino acid residues, of the viral spike glycoprotein of the SARS-CoV-2. The
sequences of the forward and reverse primers were 5-CCCTCAGGGTTTTTCGGCTT-3', and 5'-
TTACAAGGTGTGCTACCGGC-3', respectively. The lyophilized oligonucleotides were purchased
from Bioneer (Daejeon, South Korea). The PCR amplification reactions were conducted using the
Bioneer PCR reaction mixture. The amplification conditions for the designed amplicon were
empirically optimized using a PCR thermocycler (Nexus, Eppendorf, Hamburg, Germany). The
amplification reaction was started by one cycle of denaturation at 95°C for 5 min, followed by 35
cycles of denaturation at 95°C for 30 sec, annealing at 59°C for 30 sec, and elongation at 73°C for 60
sec, and finalized with a polymerization at 73°C for 5 min. PCR products were verified by
electrophoresis on 1.5% agarose gel.

2.4. DNA sequencing

All amplified fragments were subsequently exposed to sequencing reactions following the
instructions of Macrogen laboratories (Macrogen, Geumchen, Seoul, Korea). The database of the S
gene nucleic acids was retrieved from NCBI server (GenBank accession number MT847228.1). the
retrieved sequences were then visualized and annotated by BioEdit ver, 7.1. (DNASTAR, Madison).
The correct reading frames of the viral variants in the analyzed spike glycoprotein were determined
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using the Expasy translate server [20]. The electropherograms of all identified nucleic acid
variations were manually validated using SnapGene Viewer ver. 4.0.4 (http://www.snapgene.com).
Only clear electropherograms were considered in the observed variations of the SARS-CoV-2
sequences. The appropriate reading frame of the observed variants was aligned with its
corresponding reference sequences within the viral surface glycoprotein using the UniProtKB
server [21].

2.5. In silico prediction

The 3D structure of the entire amino acid residues of the spike glycoprotein, 6vxx, was
retrieved from the protein data bank (PDB) webserver (https://www.rcsb.org/). Subsequently, the
effects of the identified missense variants on spike structure, function, and biological stability were
predicted using state-of-the-art in silico tools, namely SIFT [22], PROVEAN [23], PolyPhen [24],
SNAP2 [25], ConSurf [26], and mCSM [27]. The cumulative outcomes of utilized tools were assessed
for each identified missense SNP.

2.6. Data analyses

Based on the nucleic acid haplotypes generated by the DNA sequence polymorphism (DnaSP)
software ver. 6.12.01 [28], the exact distances between haplotypes were matched by a tight-span
walker network using the population analysis with reticulate tree (PopART) software v. 4.8.4 [29].
The phylogenetic relationships among the identified viral variations were generated by
constructing a neighbor-joining-based unrooted comprehensive tree. All the reference sequences
incorporated ~ within  this tree = were  retrieved from the NCBI  database
(https://www.ncbi.nlm.nih.gov/). Subsequently, another unrooted neighbour-joining tree was
constructed to assess the exact clade of the investigated viral strains. In this specific tree, the main
known five (G, L, S, O, and V) viral clades were incorporated alongside with our investigated
sequences. The incorporated clades were retrieved from the GISAID database to represent several
Asian, European, African, and American countries around the world [30]. Both trees were
annotated by the iTOL server [31]. Linkage disequilibrium (LD) analysis between the detected SNPs
of the SARS-CoV2 sequences was conducted using haploview software, ver. 4.2 [32]. LD values were
estimated using squared allele frequency correlations (r?) between the pairs of the analyzed loci.

3. Results

3.1. Genetic polymorphism and prediction

All the investigated samples showed co-infection with more than one strain as all identified
variations within electropherograms were found to exhibited double peaks per individual variant

(Fig 1).
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Figure 1. Electropherograms of the detected nucleic acid substitutions in the 795 bp amplicons
showed clear co-infections in all variations observed in the S gene within SARS-CoV-2 strains. The
final effect (silent, missense, or nonsense) of each identified SNP was indicated by red arrows.

The co-infection patterns for all identified variants were also confirmed in all analyzed
electropherograms. Since all investigated viral samples exhibited co-infection, viral strains with the
major electropherograms reads assigned type-A strains, while those exhibited minor reads were
assigned type-B strains. A total of fifteen nucleic acid substitutions were identified in the coding
region of the viral spike protein in both type-A or type-B strains. The majority of these identified
mutations were represented by eight missense SNPs (p.274T>S, p.291C>G, p.346R>K, p.357R>],
p-357R>K, p.391C>G, p.408R>K, and p.452L>R), and four silent SNPs (p.3165=, p.366S=, p.394N=,
and p.3995=) (Table 1). Interestingly, the rest three SNPs (p.301Cdel, p.380Ydel, and p.436del) were
predicted to cause premature termination in the nascent viral spike polypeptide in three separate
positions in the entire structure of the mature spike glycoprotein (protein ID QMU94980.1).

Table 1. Nucleic acids and their amino acid variations of SARS-CoV-2 samples within the entire
structure of the spike glycoprotein.

Nucleotide Amino
Nucleoti  variation in Mixed . Amino
. . acid . Type of
de the Sample No. infectio L acid
o positio SNP SNP summary
position reference n type n change
sequence
. c.174C>G
174 G/C S2, 57,514, S19 Type-B  T274 T>S Missense (.274T>S)
. €.224T>G
224 T/IG S1, S5, S9, S15, S17 - S19 Type-A  C291 C>G Missense (p.291C>G)
256 TIA S2-5,57-59,S12, 514,516,518  Type-B C301  C>-  Nonsense (‘;é‘gigg)
301 AT S2, 54, S5, S7, S9, S11 - S19 Type-B  S316 S= Silent €.301T>A (p.3165=)
390 AIG S4,56-59,S11,S12,S15- 518 Type-B R346  R>K  Missense (S'giggzﬁ)
423 GIT S4, S8, S10, S11, S15, S16, S18,S19  Type-B R357 R>1 Missense  €.357G>T (p.357R>I)
423 G/A S1-S3, S5-S57, S9, S13, S14, S17 Type-B  R357 R>K Missense c.423G>A
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(p.357R>K)
451 TIG S7, 89, S11, S13, S18, S19 Type-A  S366 S= Silent €.451T>G (p.366S=)
€.493T>G
493 TIG S1-S6, S8 — S17 Type-A Y380 Y>- Nonsense (p.380Ydel)
. €.524T>G
524 TIG S3, S6, S7, S9, S11, S12, S17, S19 Type-A  C391 C>G Missense (.391C>G)
535 TIA S3, S8, S17 - S19 Type-A N394 = Silent €.535T>A (p.394N=)
550 AT S11, S14, S15, S19 Type-A  S399 = Silent €.399A>T (p.399S=)
. c.576G>A
576 AIG S1-S3, S6, S9, S14 — S17 Type-B  R408 R>K Missense (p-408R>K)
661 G/A S1, S2, S6 — S10, S13, S15 - S18 Type-A  W436 W>- Nonsense  ¢.661G>A (p.436del)
. €.708T>G
708 TIG S1, S2, S4, S7 - S10, S17 — S19 Type-A  L452 L>R Missense (p.452L>R)

The observed variations were deposited in NCBI database under the GenBank accession
numbers MT936988 - MT937006 for type-A viral strains and MT937007 - MT937025 for type-B viral
strains.

Cumulative in silico predictions were conducted for all identified missense SNPs in the viral
spike glycoprotein using both sequence-based and structure-based tools. All prediction tools
showed highly deleterious effects of two missense SNPs on structure, function, and stability of the
viral spike protein, namely p.291C>G, and p.391C>G, while the other missense SNPs showed less
deleterious effects on the analyzed viral protein (Table 2).

Table 2. The in silico analysis of the deleterious effects of the observed missense SNPs in the S gene
on the SARS-CoV-2, using several different bioinformatics tools. the symbol “Del” refers to the
deleterious effect of the missense SNP, while “Neut” refers to the neutral effect of the missense SNP.

In silico tool T274S C291G R346K R3571 R357K C391G R408K L452R
SIFT Neut Del Neut Neut Neut Del Neut Del
PROVEAN Neut Del Neut Neut Neut Del Neut Neut
PolyPhen2 Del Del Neut Del 0.003 Del Del Neut
I-Mutant2 Del Del Del Del Del Del Del Del
PhD SNP Neut Del Neut Neut Neut Del Neut Del
SNAP2 Neut Del Neut Neut Neut Del Del Neut
ConSurf Del Del Neut Neut Neut Del Del Neut
mCSM Del Del Del Neut Del Del Del Del

3.2. Network analyses

A specific tight span walker network was generated from haplotypes data of the observed
variants of both types of the identified viral strains. This network was developed to describe the
accurate genetic distances between the identified variants haplotypes from one side and the most
relative reference viral sequences from the other side. A high level of diversity of type-A (Hap 2 to
Hap 20) and type-B (Hap 21 to Hap 34) viral infection was inferred from the currently generated
network. However, the results of this network indicated the presence of multi-common ancestor for
all identified haplotypes within the co-infection conditions. These multi-ancestor sequences, or Hap
1, were not restricted by a particular country as both type-A and type-B strains were equally
derived from viral strains of many countries in different continents worldwide (Fig 2).
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Figure 2. Haplotype network analysis of SARS-CoV-2 viruses. Hap 1 represents the deposited
reference sequence from different regions around the world. Hap 2 to Hap 20 represent the major
(type-A) infection. Hap 21 to Hap 34 represent the minor (type-B) infection.

3.3. Comprehensive Phylogenetic analysis

Further clarifications of the observed network-based data were made by constructing a
neighbour-joining comprehensive tree. Another layer of confirmation about the multi-common
ancestor of the identified viral strains was demonstrated with further details. The precise
phylogenetic positioning of the investigated viral strains with the related SARS-CoV-2 sequences
was identified (Fig 3).


https://doi.org/10.20944/preprints202009.0375.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 September 2020

Tree scale: 0.01 }

581N
£GLeLN

99622-ZL122 T'5GE5.81N

MT875358.1 22
MT875357,

72-22966

aggzz-zLIze TESE
19622-£412¢ 195
122
122
2
2:

M
M
M
M7
8,
3,

122
MTBE2310-

\T8E0888.1 22210-22004
MT882312.1 22210-23004
MT882311.1 22210-23004
MT882314.1 2221023004
MT882313.1 22210 23004

Y00EZ-0TZ2Z T'2ar068LIN
85E068LN

£00£2-60222 T

Figure 3. The comprehensive phylogenetic tree of genetic variants of the S gene genetic fragments
for the SARS-CoV-2 Iraqi strains. The blue and red color triangles refer to the type-A (S1A — S19A)
and type-B (S1B — S19B) variants, respectively. The dark yellow colored boxes refer to the deposited
GenBank accession numbers of reference sequences of the SARS-Cov2. The number “0.01” at the top

of the tree refers to the degree of the evolutionary scale range among the incorporated organisms.

Due to the high values of the identified SNPs I the currently investigated viral SARS-CoV-2
strains, type-A and type-B sequences were occupied unique positions within the most known
sequences of the reference SARS-CoV-2 deposited in the NCBI database.

In addition to type-A and type-B viral sequences, the total incorporated organisms within the
tree were 151, all of them were attributed to the same organism, SARS-CoV-2. Viruses of the type-A
were clustered together in one clade, and likewise, viruses of the type-B were also exhibited the
same pattern of positioning in an adjacent clade. Therefore, our neighbour-joining comprehensive
data confirmed the separation of the identified viral type-A and type-B from each other. The tree-
based results were validated the network-based data due to the close positioning of both types of
viral infections altogether in the tree. Furthermore, this tree showed that both investigated viral
types were derived from one common multi-ancestors’ origin, which was also equally shared
among many viral sequences around the world without being attributed to a particular country,
race, or continent.

However, data obtained from the currently developed comprehensive tree was not sufficient to
identify the clade to which our viral samples were descended from. Accordingly, representative
samples for the main known five viral clades (G, L, O, V, and S), were constructed from the GISAID
database and aligned side by side with our samples. Based on these clades, several pieces of
evidence were obtained from this specific tree. Most importantly, three strains of type-A, S1A, S3A,
and S6A, were originated from the viral representative of G clade (Fig 4). Meanwhile, no other clear
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cladding data were recognized and all other strains were represented by a unique clade outside the
commonly known five clades of SRAS-CoV-2.
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Figure 4. A specific phylogenetic tree of genetic variants of the S gene genetic fragments for the
investigated strains alongside with the main clades of SARS-CoV-2 sequences. The blue and red
color triangles refer to the type-A (S1A — S19A) and type-B (S1B — S19B) variants, respectively. Other
colored circles refer to the deposited GenBank accession numbers of the main clades of the SARS-
Cov2. The number “0.01” at the top of the tree refers to the degree of the evolutionary scale range

among the incorporated organisms.

3.4. Linkage disequilibrium analysis

More details concerning the potential linkage across viral strains were conducted using data
retrieved from the major A viral type and the minor B viral type identified in this study. To assess
the range of recombination among the investigated viral strains, LD plot of both A and B viral types
were developed. In the studied type-A variants, haploplot view data showed the presence of only one close
linkage between 145 and 493 loci in the amplified 795 bp fragments. Meanwhile, the other loci of the type-A
variants exhibited low r? values (Fig 5a). Since no close linkage was observed among the majority of the
identified SNPs, high recombination rates of these SNPs were confirmed. The same case was also
demonstrated in type-B variants, in which all SNPs were not found to exhibit any association among each
other (Fig 5b). Since most variants were at very high frequencies, it is not surprising that many pairs
had very low r? values. Accordingly, high recombination among almost all the investigated SARS-

CoV2 strains was confirmed.
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Figure 5. Linkage disequilibrium (LD) graphical representation among all possible pairs of
fourteen variants observed in the amplified 795 bp fragment of the SARS-Cov-2 S gene using
standard D'/LOD Color Scheme. LD values are expressed as differences in the shade of each color.
A) LD plot for 8 sites that have major alleles (type-A). B) LD plot for 7 sites that have minor alleles
(type-B). The numbers given at the top of the figure indicate the coordinate of sites in the 795 bp
amplicons.

4. Discussion

The patterns of molecular variations of the receptor-binding domain of SARS-CoV-2 spike
protein were investigated in this study among 19 infections with COVID19. Our results identified
an unprecedented rate of genetic variations in the SARS-CoV-2 represented by fifteen novel SNPs in
the coding regions of the spike glycoprotein. Within these SNPs, three unexpected nonsense SNPs
were identified. As well, electropherograms of all variations inferred clear co-infections in the entire
viral samples. Though this study was conducted in Babylon province, within a geographic area
spanning no more than 150 km, the number of identified SNPs in samples isolated from this region
exhibited very high frequency than the other strains from the nearby regions or even from other
places around the world [33, 34].

Though it is not easy to explain the way through which SARS-CoV-2 strains attained
transmissibility with the presence of such mixed strains, the humble hygienic situations in Iraq
could not be excluded from explanation. Nevertheless, the reason for the high number of the
currently identified SNPs may be associated with the increased number of variations upon
transmission from the original country from which this virus has first spread. This suggestion is
consistent with the increasingly reported variations of SARS-CoV-2 detected in increasing
frequency in samples collected from people infected recently compared to early reports in the
pandemic. Taking into consideration that the most likely point of origin of SARS-CoV-2, one would
expect China to have a lower number of mutations [35]. However, the high numbers of the
identified SNPs in this study are not consistent with the reported slow changes or relatively low
variations of SARS-CoV-2 genomic mutations [36]. Instead, the currently identified SNPs represent
a real manifestation of rapidly evolved transmission of this virus [37]. Although the coding region
is the most prevalent locus for mutational events, it is unusual to detect such a high rate of
mutations in this region of the spike glycoprotein. However, the more variable the environments an
RNA virus faces, the more an increased mutation rate would be preferred as a result of these
challenges [38].
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Results inferred from the comprehensive tree of this study found that there was a multi-
common ancestor for the analyzed SARS-CoV-2 strains, which entailed that Iraqi SARS-CoV-2
sequences have been derived from many international sources around the world without being
originated from any particular country. Meanwhile, specific clade-based tree results showed that
some of our samples were originated from the European G clade of SARS-CoV-2 strains. Generally,
the G and GR clades prevail in Europe, while the clade S and GH have been mostly observed in
America. Whereas the reference clade, L clade, is mostly represented by sequences isolated from
Asia, where the virus has likely originated [39]. These data suggested that it might be possible for
some Iraqi strains to be derived from some viral European strains having G clade. However, the
high mutation rates observed in the other Iraqi strains have made it difficult to assign these strains
to any particular clade. Furthermore, the high recombination rates inferred from both local viral
types in this study may be explained by the ability of these viral sequences to be communicated
with each other away from the common multi-ancestor origin. However, it is still unclear if the
speed of the viral transmission observed in Iraq may be the consequence of the clade's differences
[40].

It is well established that the spike glycoprotein enables SARS-CoV-2 to attach onto target cell
ACE2 receptors. Nonsense mutations detected in this study involving the receptor-binding site of
the spike glycoprotein suggest that the truncated viral spike protein may not be able to undergo its
schedules task of attachment. Thus, the downstream entry of any particle of SARS-CoV-2 could not
be accomplished in this way. In the currently identified results, the truncated spike glycoproteins
may reduce or even abolish the direct ability of strains having these nonsense mutations to bind
with ACE2 receptors. However, this is not the case in our study due to the co-infection with
different viral strains. One when the viral strains exerted a truncated spike, another intact spike
glycoprotein of another viral strain would presumably compensate the deficiency of this truncation
in such a way both viral strains could invade the host efficiently. According to the putative co-
infection strategy, strains having truncated spike glycoproteins would rely upon the other co-
infecting strains having intact spike glycoproteins in its infection. This finding requires the presence
of recessive dominant strains to interact with each other in infecting host cells. However, the
presence of three high frequent nonsense SNPs in the receptor-binding domain of spike
glycoprotein in this study may also be explained by the presence of alternative pathways of host
cellular invasion. This possible suggestion has been supported by a recent finding that described
the possible reliance of some SARS-CoV-2 strains on ACE2-independent routes in infection [41].
However, further information in this regard is still missing, and many investigations have not yet
released sufficient data around this issue. Accordingly, there is a serious concern raised by the
discovery of co-infection with different viral strains [42], which may magnify the severity of
infections and mortality rates in the investigated areas.

In addition to the truncated proteins caused by nonsense SNPs, the effect of missense SNPs
was also involved in damaging the structure, biological activity, and stability of spike
glycoproteins. These data were applied to two missense SNPs (p.291C>G and p.391C>G) that
exhibited obvious deleterious effects on spike glycoprotein on these viral strains. Noteworthy,
p-291C>G SNP was positioned upstream of all three detected nonsense mutations (p.301Cdel,
p-380Ydel, and p.436del), which suggested a more damaging role for this amino acid substitution
on the resulting spike glycoprotein. As in the case of nonsense SNPs, the presence of co-infecting
viral strains may also compensate for this damaging effect. However, the high frequency of this
deleterious SNP, as well as other relatively deleterious SNPs, could not be ignored, which also adds
another question regarding the genuine binding between SARS-CoV-2 and ACE2 [12].
Unfortunately, the actual clinical status of all investigated patients was not provided. For this
reason, we were not able to assess the clinical performance and severity of infection of patients
having these specific SNPs revealed by this study.

The presence of co-infection in all investigated viral strains may refute the airborne-based
transmission of infection of SARS-CoV-2 particles. Due to the inability to replicate outside the
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animal host, non-human routes may transmit one strain without being associated with another viral
strain. Thus, the co-infection may be triggered by the direct human to human contact, in which the
infected person transmits the viral particles for recipients, which seems more favoured for viral co-
infection [34]. As a reason for a human to human contact, the pattern of infection could also be
cumulative, which may explain the high severity and mortality among medical staff in hospitals
that are exposed to multiple strains sequentially [43].

The obvious co-infection with different SARS-CoV-2 strains in all analyzed samples may bring
about additional risks for everyone infected in the investigated area. Moreover, it is consequent to
say that the danger of co-infection for all investigated patients may exceed this region to include
other portions in Iraq or potentially other parts of the Middle East. However, if this reported high
rate of mutations is being ongoing in Iraq, other concerns about PCR false negative-results may also
emerge. Therefore, more data on these mutations and co-infections are mandatory to establish their
importance in the severity and mortality of SARS-CoV-2.

5. Conclusions

This study showed the presence of clear viral co-infection in all identified SNPs in the coding
region of the SARS-CoV-2 spike protein. All the identified SNPs exerted two types of infection (A
and B type), which have not been detected so far in SARS-CoV-2 sequences. Three truncated spike
glycoproteins were produced from three identified nonsense mutations, p.301Cdel, p.380Ydel, and
p-436del. This study suggests that strains having a truncated spike glycoprotein are aided by helper
strains with an intact 3D structure of the same protein. The interaction between both viral types was
suggested by the presence of co-infection in all analyzed samples. Due to the high frequency of the
identified nonsense mutations, this study raises questions about the effectiveness of ACE2 receptors
of the host cellular invasion in the absence of intact spike glycoproteins. Hence, questions should
also be considered about the effectiveness of vaccines designed to bind with the intact 3D structure
of the spike glycoprotein. Therefore, the co-infection and high-frequency nonsense mutations
identified in all investigated viral samples imply the urgent need for further immediate
investigations to associate the currently observed viral SNPs with clinical records of the patients
with SARS-CoV-2.
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