IOSR Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT)
e-1SSN: 2319-2402,p- ISSN: 2319-2399.Volume 17, Issue 1 Ser. | (January 2023), PP 48-55
www.iosrjournals.org

Target gene influences detection of SARS-CoV-2 virus in
wastewater concentrated samples: an Egyptian study

Dina Nadeem Abd-Elshafy™?", Rola Nadeem®* Mahmoud Mohamed Bahgat?°.

*Environmental Virology Laboratory, Department of Water Pollution Research, Institute of Environmental
Research and climate changes, the National Research Centre, Giza, Egypt.
“Research Group Immune- and Bio-markers for Infection, the Centre of Excellent for Advanced Science, the
National Research Centre, Giza, Egypt.
$Department of Therapeutic chemistry, Institute of Pharmaceutical and Drug Industries Research, the National
Research Centre, Dokki, Giza, Egypt.
*Corresponding author:e-mail: dnanadeem@yahoo.com

Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) detection in wastewater could help in
predicting number of infected persons in a given area. We aimed to detect SARS-CoV-2 in wastewater by qRT-
PCR targeting different virus genes using in house designed primers. A total of 21 wastewater samples (2 liters
each) were collected from influent of Zenin wastewater treatment plant (WWTP) in Egypt between August 2021
and March 2022 and primers targeting SARS-CoV-2 S, N and E genes were used for detection. Results showed
that detection sensitivity was highly affected by the target gene which was 95, 90, and 76% upon targeting the
virus N, S, and E genes, respectively. Testing sensitivity of our designed N-specific primers on serial template
dilutions revealed its ability to quantify SARS-CoV-2 until virus RNAconcentration 2.5pg /reaction mixture.
Multiple alignments of the used N-specific primer pair to all SARS-CoV-2 variants reported by the
CDCincluding all omicron variants showed 100 % alignment except the zeta P2.In conclusion, we recommend
targeting the SARS-CoV-2 N gene using the herein designed N-specific primers to detect the virus in wastewater
samples.
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Highlights:

. SARS-CoV-2 was detected in 20/21 concentrated wastewater samples collected from Zenin wastewater
treatment plant.

. Number of positive samples was affected by the target gene and experiment conditions.

. Usage of primers targeting the N-gene isrecommended in detection compared to primers targeting the S
and E genes.

. The N-gene-specific primer pair showed high sensitivity even at very low template concentrations.

. The N-gene-specific primer pair showed 100 % annealing when aligned with all SARS-CoV-2 variants

except Zeta P2.

I. Introduction

WHO classified severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as the cause of global
pandemic in March 2020 (Ahmed et al., 2021). Viral RNA was detected with high concentration in stool
samples of infected persons (Wolfel et al., 2020) making it the main source for viral presence in wastewater.
Besides, viral particle present in nasal, pharyngeal and sputum samples (Wang et al., 2020) were an additional
source as they could reach wastewater as well.

From here scientists thought that quantitative detection of SARS-CoV-2 viral particles in wastewater
could help in predicting number of infected persons living in a given area (Medema et al., 2020),and based on
that manystudies were conductedto detect the virus in wastewater (Sharif et al., 2021; Nag et al., 2022).

Target genes used in detection differ among studies.When the N, ORFl1ab and S genes of the SARS-
CoV-2 were targeted for PCR detection results showed that some samples were positive for the three genes and
some were only positive for two target genes but others were only positive for one gene (Thongpradit et al.,
2022).
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When other study targeted theN1, N2, E, IP2 and IP4 genomic fragments of SARS-CoV-2 results
showed detection percentages of 91.2, 85.3, 70.6, 79.4 and 73.5% respectively with the N1 givingboth the
highest detection percentage and the highest percentage (77%) of positive replicates (Perez-Cataluna et al.,
2021).

Others focused only on N1 and N2 genes for detection as recommended by CDC (Li et al., 2022)

We aimed to detect SARS-CoV-2 in wastewater by qRT-PCR targeting different virus genes (S, N and
E) using in house designed primers in wastewater samples collected from influent of a wastewater treatment
plant (WWTP) in Egypt.

Il. Material And Methods
Positive control:
Nasal sample was collected in March 2021 from SARS-CoV-2infected female Egyptian patient with mild
symptoms (Rhinorrhea, chest pain, coughing fever and headache). Patient was positive for SARS-CoV-2
IgM/1gGby rapid test (AMEDA, labordiagnostik GmbH) then further confirmed for active infection by RT-PCR
and sequencing of the whole Spike and polymerase genes. Sequencing results showed that the causative strain
for infection was related to the C.36.5 and C.37 known as lambda variant.

Wastewater samples

Two liters of wastewater were collected weekly through the period between August 2021 and March 2022 (21
samples in total) from influent ofZenin wastewater treatment plant (WWTP). It represents one of the largest
WWTPs in Giza government, Egypt as it receives 275,000 to 550,000 m%day with an average of 385,000
m°®/day of wastewater flow (Latif 2022).

Waste water sample concentration by Adsorption-elution method (Katayama wt al., 2002):

A volume of 50 ml 1MAluminium chloride were added to 1 liter of waste water samples to give final
concentration of 0.05M then pH was adjusted to be 3.5 by 1N HCI. Water samples were filtered through 0.45
pm nitrocellulose membrane (Hi-GenoMB, Mumbai, India) follwed by passing 200 mL of 0.5 mM H,SO,, pH
3.0 over the membrane to ensure viral particle retention and eliminate all biosolids. Membrane was removed
from holder and put in a petridishfollowed by adding 11 mL of 1 mMNaOH, pH 10.5 over its surface and left
for 10 minutes, then its upper surface was scrapedfor eluting viruses. Then elute was neutralized by adding 50
uL of 50 mM H,SO,and 50 uL of 1nM Tris—EDTA, pH 8.0 and stored at -20°C till use. Of note, each sample
was filtered through two nitrocellulose membranes, 1 liter each to avoid its blocking and the received elutes
were finally mixed.

Quantitative RT-PCR (qRT-PCR)

Concentrated water samples as well as positive control were subjected to viral RNA extraction (QIAGEN;
Hilden, Germany),reverse transcription using the reverse primer of each gene (super script Il Reverse
transcriptase, Invitrogen, USA). cDNA from individual samples was subjected for quantitative PCR using
theunrevealed florescent dye read on SYBR/FAM channel(Luna, New England) and in-house primers (Table 1).
Reaction mixture was subjected to the following cyclingconditions, initial denaturation: 95°C for 60 sec.,
denaturation at 95°Cfor 15 sec., annealing: 570C for 10 sec and extension at 60°C for 15 sec. for 40 cycles
(Buston et al., 2009).

Table 1: Sets of in house primers used inviral detection.

SARS-CoV-2 target gene Primer sequence

S-gene F:AATTACCCCCTGCATACACTAA
R:ATGGAACCAAGTAACATTGGAAA

N-gene F:ATTCAACTGGCAGTAACCAGAA
R:TTAAGGTCTTCCTTGCCATGTT

E-gene F: TGTACTCATTCGTTTCGGAAGA
R:ACGCACACAATCGAAGCGCA

The sensitivity of the N-gene-specific primers in the SARS-CoV-2 qRT-PCR detection was carried out as
previously described. RNA concentrations 150, 100, 50, 25, 12.5, 10, 7.5, 5, 2.5, 1.25 ng, 750, 500, 250, 125,
75, 50, 25, 12.5, 10, 7.5, 5 and 2.5pg were used to prepare cDNAwhich was used in the qRT-PCR reaction
mixture.

Multiple alignment of primer pair on all SARS-CoV-2 variants

The Clustal Omega version 1.2.4 online tool was used to perform multiple alignments of the used N-specific
primer pair to one example of each SARS-CoV-2 variant referred to by CDC (CDC, 2020) in addition to the
omicron recent Egyptian isolate.
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I1l. Results and discussion

Since the beginning of the novel coronavirus pandemic, various reports have been concerned with the
detection of SARS-CoV-2 in wastewater. This was due to virus shed in different human excretory/secretory
products including stool (main source of viral RNA in wastewater), vomiting, nasal discharge and sputum
(Wang et al., 2020) which all reach wastewater. Thus, scientist detectedSARS-CoV-2 (or its RNA) in
wastewater and use it to guess (approximately estimate) the number of infected humans in a given area
(Medema et al., 2020).

Here, we collected wastewater samplesthrough period between August 2021 and March 2022 thus
including summer vacation months and school months where gathering of people specially children increase
rate of spreading of respiratory viruses.

Although reports concerned with wastewater sample concentration used polyethylene glycol (PEG)
precipitation technique (Farkas et al 2021) which utilizes a maximum sample volume of 200-250 ml, here we
used the adsorption elution method as it gives the chance to filter larger volume of the sample (1-2 liters) thus
increases the possibility for viral detection.This was also supported by others (Perez-Cataluna et al., 2021) who
inoculated wastewater samples with a number of enveloped and non-enveloped viruses,compared both
concentration methodsandresults showed higher recovery rate on using the aluminum-based adsorption method.

Weused in house designed primers targetingthe S, N and E genes for SARS-CoV-2 detection in
wastewater. On using oligo-dTin reaction mixture of reverse transcriptionof RNA all wastewater samples were
negativein conventional RT-PCR (cRT-PCR), although it worked on detecting virus from clinical samples as
nasal or throat swabs ( Park et al., 2020).This might be due tol) presence of RNA of different organisms in
wastewater samples that masked our target genes, 2) the limited sensitivity of cRT-PCR.

On using our homemade designed primers targeting the S-gene in quantitative RT-PCR (QRT-PCR),
CT wvalues showed presence of SARS-CoV-2 in 90% (19/21)of the wastewater samples (Figure
1).Althoughmany samples showed high CT values (33-38), yet, they are still in the accepted range.
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Figure 1:CT values for gRT-PCR detection of the SARS-CoV-2 in concentrated wastewater samples compared
to positive control (PC) using homemade S-gene-specific primers of the virus.

Using of N-gene-specific primers showed better sensitivity as 95.2 % (20/21) of the samples were
SARS-CoV-2-positive  withCT values rangingbetween 31-34 except for two samples which showed
amplification aftergave 36 and 38 cycles and one sample which was positive for the N-gene and negative for the
S-gene (Figure 2). This might be due to mutation in S-gene to corresponding sequence of our used primer on the
viral genome leading to decrease in annealing capability.
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Figure 2:CT values for qRT-PCR detection of the SARS-CoV-2 in concentrated wastewater samples compared
to positive control (PC) using homemade N-gene-specific primers of the virus.

On using E-gene as target for SARS-CoV-2 detection results showed that only 76% (16/21) samples
were positive (Figure 3). Actually that agreed with number of reports wheredifferent targets were used for
SARS-CoV-2 detection and results confirmed that the E-gene showed the poorest detection sensitivity compared
toothertarget gene (Khoshchehreh et al., 2020; Perez-Cataluna et al., 2021) which was attributed to the very low
expression level of the E-gene in SARS-Cov-2 (Kim et al., 2020).
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Figure 3:CT values for gRT-PCR detection of the SARS-CoV-2 in concentrated wastewater samples compared
to positive control (PC) using homemade E-gene-specific primers of the virus.

In agreement, previous report recommended usage of N-gene primers for SARS-CoV-2 detection in
concentrated wastewater samples as the low expression level of the E-gene caused missing of some infected
samples as well as the continuous recorded mutations in S-gene (Li et al., 2020)made it not the perfect target for
detection.

Since presence of viral genome in wastewater samples is highly diluted beside that the wastewater
concentration techniques had recovery limits, altogether, highlighted the need for highly sensitive and specific
assays to avoid missing infected samples during detection. Therefore,we tested the sensitivity of our in house N-
gene primers to check its concentration limits for qRT-PCR detection of SARS-CoV-2.

Serial concentrations of positive control SARS-CoV-2 RNA ranging 150, 100, 50, 25, 12.5, 10, 7.5, 5,
2.5 and 1.25 ng RNA/reaction mixture and 750, 500, 250, 125, 75, 50, 25, 12.5, 10, 7.5, 5, 2.5pg RNA/reaction
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mixture were used in gRT-PCRand results showed that at RNA concentration 150ng/reaction CT value was
17.97 and it increased gradually with decreasing RNA concentrations to reach 37.44 at RNA concentration 2.5
pg/reaction mixture confirming the high sensitivity of the N-specific primers even at very low template

concentrations(Figures 4 & 5).
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Figure 4: CT values of SARS-CoV-2 detection N-gene-specific primers at serial concentrations of the virus
RNA. Results revealed extremely high detection sensitivity even at very low viral RNA concentrations.
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Figure 5:CT values of gRT-PCR of different cDNA volumes equivalent to A: 150, 100, 50, 25, 12.5 ng RNA/
reaction mixture, B: 12.5, 10, 7.5, 5, 2.5, 1.25 ng RNA/ reaction mixture, C: 1250, 750, 500, 250, 125, 75, 50,
25 pg RNA/ reaction mixture and negative control and D: 12.5, 10, 7.5, 5 and 2.5 pg RNA/ reaction mixture.
To confirm that our N-gene targeting primers were suitable for all SARS-CoV-2 variants, multiple alignmentof
the primer pair was carried out on various SARS-CoV-2 variants using the Clustal Omega online tool.Results
showed that our N-specific primer pair showed 100 % identity to all checked SARS-CoV-2 variants
(Summarized in Table 2) except for zeta P2 variant (Figure 6).

Table 2: Variants included in the multiple alignments of our homemade SARS-CoV-2 N-specific primers.

Variant name Accession number on NCBI | Variant name Accession number on NCBI
Wuhan isolate, reference | NC_045512.2 Kappa B.1.617.1 MZz571142.1

isolate

Beta B.1.351 MZ433432.1 Zeta P2 FJ882963.1

Beta OM366051.1 Omicron BA.1 OP090659.1

gamma OM367886.1 Omicron BA4 OP093374.1

Delta B.1.617.2 0K091006.1 Omicron BA.5 0OP062268.1

Eta B.1.525 MZ362439.1 Omicron (Egyptian isolate) OP183454.1

lota B.1.526 MZ702413.1
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FJ882963.1:28101-29369
OPD62268.1:28200-29450
OP090659.1:28191-29441

ATGGAGGACGCAATGGGGCAAGGOCAAAACAG 120
F T e TGGGGCGCGATCAAAACAR 108

—=——TGGGGCCGCGATCAAAACAA 108

OP183454. 28247-29497 T e e s TGGGGCGCGATCAAAACAR 108
OoP093374. 28180-29430 e e TGGGGCGCGATCAAAACAA 108
MZT702413. 28201 -29460 TCGAGAACGCAGTGGGGCGOGATCAAARCAR 127
MZ362439. 282495-29505 TCGAGAACGCAGTGGGGCGOGATCAAARAC AR 114
OM367886.1:28216-29475 TCGAGAACGCAGTGGGGCGOGATCARARCAR 117
OM366051 .1:2B207-29466 TCGAGAACGCAGTCGGGGCGOGATCARAARCAR 117
MZ433432.1:28246-29505 ATGGAGAACCGCAGTGGCGGCGOGATCAAARACARA 117
NC _045512.2:28274-29533 TCGAGAACGCAGTGGGGCGOGATCAAAACAA 117
M2571142.1:28249-29508 TCGAGAACGCAGTCGGGCGOGATCAAAACAR 117
OK091006.1:28247-29506 TCGAGAACGCAGTGGGGCGOGATCAAAACAR 117

FJ882963.1:28101-29369 CGCCGACCCCAAGGE TT TACCCAAT AATACTGOGTCT TGGTTCACAGCTCTCACTC. 180
OPO62268.1:28200-29450 CGTCGGOCCCAAGG TT TACCCAAT AATACTGOGTCT TGGTT TACOGCT CTCACTC 168
OP090659.1:28191-29441 CGTCGGOCCCAAGG TTTACOCAATAATACTGCGTCTTGGTTCACCGCTCTCACTC. 168
OP183454.1:28247-29497 CGTCGGOCCCAAGGTT TACOCCAAT AATAC TGOGCTCT TGGTTCACOGCTCTCACTC. 168
OP093374.1:28180-29430 CGTCGGOCCCAAGG TT TACCCAAT AATACTGOGTCT TGG TTCACOGCTCICAC 168
MZ702413.1:28201-29460 CGTCGGOCCCAAGGTTTACCCAATA TGOGTCTTGGTTCACOGCTCTCACTC. 177
MZ362439. 28249-29505 CGTCGGOCCCAAGGTT TACCCAATA TGOGTCT TGGTTCACCGCTCTCACTC 174
OM367886 . CGTCGGOCCCAAGGTT TACCCAAT AATACTGOGTCT TGG TTCACOGCTCTCACTC, 177
OM366051 . CGTCGGOCCCAAGG TT TACCCAAT AATACTGOGTCT TGG TT CACOGCTTICACTC, 177
MZ433432.1:28246-29505 CGTCGGOCCCAAGGTT TACCCAAT AATACTGOGTCT TGG TT CACOGCT CTCACTC. 177
NC _045512.2:28274-29533 177
MZ571142.1:28249-29508 177
OKO091006.1:28247-29506 177
FJ882963.1:28101-29369 AT TCOCTOGAGGOCAGGGCGTTCCAATCAACACCAATAGTGGT 240
OPD62268 . 28200-29450 AT TCOCTOGAGGAC AAGGCGTTCCAATTAACACCAATAGCAGT 228
OPOS065 28191 -29441 ATTCOCTOGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 228
OP18345 28247-29497 TTCOCTOGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 228
OPO93374. 28180-29430 AATTCOCTCOGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 228
MZ702413. 28201 -29460 AT TCOCTOGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 237
MZ362439.1:28249-29505 ATTCOCTOGAGGACAAGGCGTT CCAATTAACACCAATAGCAGT 234
OM367886.1:28216~-29475 ATTCOCTOGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 237
OM366051.1:28207-29466 TCOCTCGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 237
MZ433432.1:28246-29505 AT TCOCTOGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 237
NC_045512.2:28274-29533 ATTCOCTOGAGGACAAGCGCGTTCCAATTAACACCAATAGCAGT 237
MZ571142.1:28249-29508 MATTCOCTOGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 237
OK091006.1:28247-29506 AAATTCOCTOGAGGACAAGGCGTTCCAATTAACACCAATAGCAGT 237

Figure 6: Multiple alignment of our homemade N-specific primer pair to SARS-CoV-2 variants by using the
Clustal Omega online tool. Forward primer was marked in red in first raw, reverse and complement of reverse
primer was marked in red between second and third columnsand mismatching nucleotides of the zeta P2 variant
were marked in blue.

IV. Conclusions:

Detection of SARS-CoV-2 in wastewater samples collected from influent of Zenin WWTP revealed
presence of the virus in 95% of the collected samples. Detection of SARS-CoV-2 in wastewater is highly
affected by target gene and primers used for detection as well as the experimental conditions. Based on our
results, we recommend usage of our homemade primer targeting the SARS-CoV-2 N-gene that showed very
high sensitivity even at extremely diluted template virus RNA concentrations upon detection and 100 %
annealing with all SARS-CoV-2 variants referred to by CDC as well as all omicron variants.
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