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Abstract

Background: Reports showed presence of SARS-CoV-2 genetic material in wastewater. Wastewater concentration
methods are optimized for detection of non-enveloped viruses so need to be adopted for enveloped viruses and their
genetic material. Methods: Conventional (CRT-PCR) and quantitative real time RT-PCR (qQRT-PCR) were used as
readouts to compare 4 water concentration methods namely, A) filtration on negatively charged membrane
followed by extracting RNA from it, B) adsorbtion-elution method, C) flocculation with skimmed milk and D)
polyethylene glycol precipitation, to detect SARS-CoV-2 RNA and 229E human coronavirus (229E-HCoV) as a
model for spike-containing enveloped virus from fresh and wastewater. Results: On using cRT-PCR: recovery rate
of SARS-CoV-2 RNA was better using method A then B for fresh water and method B then D for wastewater.
229E-HCoV recovery from fresh water was better using method C then A and methods B then D for wastewater.
On using gRT-PCR, both methods A and B were better for SARS-CoV-2 RNA recovery from both fresh and
wastewater. For the 229E-HCoV methods A was the most efficient for fresh water and method B for wastewater.
Conclusion: Method B is recommended for SARS-CoV-2 RNA or whole 229E-HCoV recovery from wastewater.
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1. Introduction

In March 2020, Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was
classified by WHO as the cause of global pandemic
[1]. It is an enveloped virus belonging to family
Coronaviridae, its envelope is associated by three
structural proteins: spike, envelop and membrane
protein [2]. The virus can be detected in nasal,
pharyngeal swabs, sputum and stool samples [3]. High
viral RNA concentration was detected in stool samples
of infected persons [4] which makes it main source of
virus shed in wastewater beside nasal discharge,
sputum and other virus containing human body
fluids/secretions that can also reach wastewater [5].

This stimulated scientists to think that detecting
the virus load in wastewater of a given area can enable
approximate estimation of the number of infected
persons among the total population living in it [6] and
number of asymptomatic carriers as well [7] and based
on this many studies were conducted to detect the virus
in wastewater [8,9].

Several wastewater concentration methods are
known including ultrafiltration, adsorbtion-elution,
and precipitation by polyethyleneglycol (PEG). Those
methods were optimized for non-enveloped viruses
which are known to be prevailing in wastewater. Many
reports compared those concentration methods to
know which of them can lead to the best recovery of
SARS-CoV-2 to be used in its detection in wastewater.

Pérez-Catalufia et al [10] inoculated wastewater
samples with a number of enveloped and non-
enveloped viruses and compared percentage of viral
recovery by precipitation using the aluminum-based
adsorption or polyethylene glycol (PEG), results
suggest usage of the aluminum-based adsorption
method.

Jafferali et al [11] also compared ultrafiltration
and adsorption on negatively charged membrane in
recovering enveloped and non-enveloped viruses
including SARS-CoV-2 and results showed that
ultracentrifugation was better.
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Evaluating wastewater concentration methods
before conducting a study was also shown by Ahmed
et al [12] to be of high importance as he recorded that
the optimum concentration method depended on the
type of virus that you target in your study, and that it
differs not only among enveloped and non enveloped
viruses but also among structurally similar viruses.
Beside wastewater concentration methods comes the
RNA extraction methods that also affects viral
recovery rates [13].

Although all those comparative studies were
really of benefit but they were focusing on finding best
method to recover enveloped viruses from wastewater
and did not pay attention that in reports that proved
detecting SARS-CoV-2 in wastewater only the genetic
material of the virus was found but not the whole viral
particle [14,15]. Few scientists compared wastewater
concentration methods that enabled higher RNA
recovery [16].

From here our research aimed to compare four
concentration methods, A) filtration on negatively
charged membrane followed by extracting RNA from
it, B) adsorbtion-elution method, C) flocculation with
skimmed milk and D) polyethylene glycol
precipitation) to detect genetic material of SARS-
CoV2 and the 229E human coronavirus (229E-HCoV)
as spike-containing enveloped virus both from fresh
and wastewater by both conventional and real-time
PCR.

2.Experimental:

2.1.Viruses:

a)SARS-CoV-2: Nasal sample was collected in March
2021 from SARS-CoV-2 infected female Egyptian
patient with mild symptoms (Rhinorrhea, chest pain,
coughing fever and headache). Patient was positive for
SARS-CoV-2 IgM/IgG by 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. Sample was used as source for SARS-CoV-2
RNA.

b) 229E-HCoV (ATCC-VR-740): Prepared stock
with final viral count 1.6x10* PFU/ml

2.2.Water samples preparation:

Two kinds of water samples were included: a)
distilled (fresh) water, b) wastewater collected from
the inlet of Zeinin wastewater treatment plant in
October 2022 and confirmed to be negative for both
SARS-CoV-2 and 229 E-HCoV virus by
conventional PCR.

Tested water samples, each of volume 1liter, were
inoculated with a) 100l of SARS-CoV-2 RNA of
with concentration of 306 ng/pl. b) 300l of 229E-
HCoV.

2.3.Water concentration methods:
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2.3.1. Filtration on negatively charged membrane
(Method A) [17].

A volume of 1liter Fresh and wastewater samples
inoculated with SARS-CoV-2 RNA and 229E-HCoV
were used. Initially, pH of both were adjusted to 3.5
using AN HCI then both water types were filtered
through 0.45 pm nitrocellulose membrane (Hi-
GenoMB, Mumbai, India). Membrane was removed
from holder, cut into small pieces and put in 5 ml lysis
buffer (QIAGEN, Hilden, Germany) for direct RNA
extraction. Extracted nucleic acids were stored at -
80°C till use.

2.3.2. Adsorption-elution (Method B) [18]:

A volume of 50 ml of 1M aluminum chloride was
added to 1 liter of seeded fresh and waste water
samples with both the SARS-COV-2 RNA and 229E-
HCoV to give a final concentration 0.05M. pH was
adjusted to be 3.5 by 1IN HCI. Water samples were
filtered through 0.45 um nitrocellulose membrane
followed by passing 200 ml 0.5 mM H3SOq4, pH 3.0 to
ensure viral particle retention and eliminate all bio-
solids. Membrane was removed from holder and
soaked in a Petri dish in11 ml of 1 mM NaOH; pH 10.5
for 10 minutes. Later, the upper surface of the
membrane was scraped to elute the virus/virus RNA.
The elute was neutralized by adding 50 pl 50 mM
H2SO4 and 50 pl 100x Tris—EDTA pH 8.0 and stored
at -80°C till use.

2.3.3. Skimmed milk flocculation (Method C) [19]:

A total of 10 grams skimmed milk powder (Miro,
Egypt) were dissolved in Lliter distilled water, pH was
adjusted to 3.5 with 1N HCI. pH of seeded fresh and
wastewater with the SARS-CoV-2 RNA and 229E-
HCoV was adjusted to 3.5 by 1N HCI. A volume of
10 ml of the acidified milk was added to each liter of
the water samples to reach a final concentration of
0.01% milk followed by 8 hours stirring at room
temperature then the mixture was left overnight at 4
°C in the refrigerator to allow flocks to settle down.
The supernatants were discarded and pellets were
centrifuged at 8000xg for 30 min at 4 °C. The obtained
pellets were dissolved in phosphate buffered saline
(PBS) to reach final volume of 10 ml and stored at -
80°C till use.

2.3.4. Polyethylene glycol precipitation (PEG 800)
(Method D) [20]:

Volumes of 100 ml of both of seeded fresh and
wastewater with the SARS-CoV-2 RNA and 229E-
HCoVwere divided into two 50 ml sterile tubes and
centrifuged at 3000xg; 4°C for 30 min. Supernatants
were removed without discarding the pellet and their
pH was adjusted to 7-7.5 by 1M NaOH. PEG 800
(40%) was added to NaOH (8%) to a final ratio 1:3
ratio to make their final concentrations 10 % and 2%,
respectively. The mixture was inverted several times
then incubated overnight at 4°C followed
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centrifugation at 10000xg at 4°C for 30 min.
Supernatants were discarded and pellets were
resuspended in 1 ml PBS and store at -80°C till use.

2.4.Detection methods:

2.4.1.Semi-quantitative conventional reverse
transcriptase-polymerase chain reaction (cCRT-PCR):
A volume of 140 pl of each concentrated water samlpe
was subjected to viral RNA extraction (QIAGEN,
Hilden, Germany), reverse transcription (Omniscript
RT, Hilden, Germany) then PCR (Taq polymerase
QIAGEN, Hilden, Germany) using inhouse designed
primers (Table 1). Reaction mixture was subjected to
the following temperature conditions, 94 °C for 3 min.,
denaturation at 94 °C for 30 seconds, annealing at 57
°C for 1 min., extention at 72 °C for 1 min. for 40
cycles followed by extension at 72 °C for 10 min. The
amplification products were visualized after
electrophoresis on agarose gel (1.1%) containing
ethidium bromide. Band intensities were calulated
using the UVP VisionWorks LS image analysis
software, version:8.16.16089.9066.

2.4.2.Quantitative RT-PCR (QRT-PCR)

Concentrated water samples were subjected to
viral RNA extraction, reverse transcription  then
gPCR using the unrevealed florescent dye read on
SYBR/FAM channel (Luna, New England) and in-
house designed primers (Table 1). Reaction mixture
was subjected to the following temperature conditions,
Initial denaturation: 95°C for 60 sec., denaturation at
95°C for 15 sec., annealing: 57°C for 10 sec, extension
at 60°C for 15 sec. for 40 cycles [17].

3.Results
3.1.SARS-CoV-2 cRT-PCR

Visualization of the SARS-CoV-2 RNA cRT-
PCR amplification products corresponding to
concentrated samples by the 4 different used protocols
post electrophoresis on agarose gel (Figure 1a) and %
band intensity corresponding to each amplification
product as deduced by the UVP VisionWorks LS
image analysis software (Figure 1b) compared to
positive control. Results revealed that, for distilled
water, method A gave the sharpest band and highest %
band intensity compared to positive control indicating
its the highest recovery rate. This was followed by
method B then C and method D came at the end with
the lowest recovery rate. Regarding viral RNA
recovery from wastewater, both methods B and A gave
the best nearly equal recovery followed by method D,
whereas, method C gave zero recovery as
demonstrated by absence of any amplification
products.

3.2.229E-HCoV cRT-PCR

Visualization of the 229E-HCoV cRT-PCR
amplification products corresponding to concentrated
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samples by the 4 different used protocols post
electrophoresis on agarose gel (Figure 2a ) and % band
intensity corresponding to each amplification product
as deduced by the UVP VisionWorks LS image
analysis software (Figure 2b) for compared to positive
control. Results showed that, For distilled water,
Method C gave sharpest band and highest % of band
intensity compared to positive control which indicates
highest recovery rate, this was followed by method A
then B and comes at the end method D with lowest
recovery rate. For viral recovery from waste water
Method B then method D showed nearly equal results
but method A and C showed no band.

1310 gy e W

| L
|

% of band intensity
| B4

10 ‘

o ]

o 1 2 3 4 5 6 7 8

Water samples

Figure 1. Semi-quantitative transformation of the
visualized SARS-Co-V2 cRT-PCR products on
agarose gel corresponding to recovered viral RNA by
each of the used four water concentration protocols
into % band intensity by the UVP VisionWorks LS
image analysis version:8.16.16089.9066 software.
Results of Polymerase chain reaction to detect RNA of
SARS-Co-V2, A: electrophoresis agarose gel, where
100 DNA ladder is used and the one with higher
intensity is equivalent to 500bP, B: % of band intensity
and dots represent three readings from three
independent experiments, where M: DNA ladder, -Ve:
negative  control, +ve: positive  control,
1:Dist.Water/method A, 2: DistWater/B, 3:
Dist.Water/C, 4: Dist.Water/D, 5: Waste water/A, 6:
Waste water/B, 7: Waste water/C, 8: Waste water/D.
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Table 1: Sequence of primers used for detection of SARS-CoV-2 and 229E-HCoV.

Virus Forward Product seize Test used
SARS-CoV- F:AATTACCCCCTGCATACACTAA 13160 cRT-PCR and
2. R:ATGGAACCAAGTAACATTGGAAA gRT-PCR
229E-HCoV F.-TACCCATCAACAAGAAAGACAAA %8bp 4RT-PCR
“short. R.TGGGTGACAAATCCACCCGT
F-TCTGAACCACAACGTGGTCG
229E-HCoV. RTGTGGTATCTCTGGTTCTGAAT 356bp CRT-PCR
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Figure 2: Semi-quantitative transformation of the
visualized 229E-HCoV cRT-PCR products on agarose
gel corresponding to recovered viral RNA by each of
the used four water concentration protocols into %
band intensity by the UVP VisionWorks LS image
analysis version:8.16.16089.9066 software. Results of
Polymerase chain reaction to detect RNA of 229E-
HCoV, A: electrophoresis agarose gel, where 100
DNA ladder is used and the one with higher intensity
is equivalent to 500bP,B: % of band intensity and dots
represent three readings from three independent
experiments, where M: DNA ladder, -Ve: negative
control, +ve: positive control, 1:Dist.Water/method A,
2: Dist.Water/B, 3: Dist.Water/C, 4: Dist.Water/D, 5:
Waste water/A, 6: Waste water/B, 7: Waste water/C,
8: Waste water/D.
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3.3.SARS-CoV-2 real time gRT-PCR

Cycle thresholds (Ct), the number of cycles at

which the linear amplification occurs, corresponding
to SYBR green quantitative detection of SARS-CoV-
2 amplicons recovered from fresh and wastewater
using the four used water concentration protocols
compared to positive control are presented in Figure
3A&B. In case of distilled (fresh) water results showed
that method A gave the best recovery of the viral RNA
as demonstrated by the least Ct value compared to the
positive followed by method B then C and D which
nearly gave the same Ct values.
As for the waste water, method B gave the highest
recovery rate followed by method A with little
difference in recovery rate then came method D then
method C, respectively.

According to these results method A is the best
for recovering SARS-CoV-2 RNA from distilled
water and Method B was the best in case of waste
water .

Melting curve shown in Figure 3C confirmed
Single target amplification.

3.4.229E-HCoV real time gRT-PCR

Cycle thresholds (Ct), the number of cycles at which
the linear amplification occurs, corresponding to
SYBR green quantitative detection of 229E-HCoV
amplicons recovered from fresh and wastewater using
the four used water concentration protocols compared
to positive control methods suggested that method A
then C then B gave very close recovery rate then
comes method D.

But for waste water results were different as method B
showed highest recovery rate followed by method D
with slight difference then comes method A then
method C.

So for 229 E-HCoV in distilled water method A
showed best results and method B was the best for
viral isolation from wastewater (Figure 4A&B).

Single target amplification was shown in melting
curve in Figure 4C.



ENCAPSULATION OF TRIAZOLE DERIVATIVES CONJUGATED WITH SELENIUM NANOPARTICLES ... 1245

40 -
35
30 A
w 25
]
E]
] 20 A
[SIPT
10 A
5
0 -
Dist. Dist. Dist. Dist. Waste ~ Waste Waste  Waste Positive
Water /A Water /B Water /C Water /D water/A water/B water/C water/D control
Water samples seeded with SARS-CoV-2 RNA
2l 159 24.375. 18228 0mg 36.67]

sensitivity of detecting SARS-CoV-2 in wastewater,
specially that reports showed that only the viral RNA
and not the whole virus is found in wastewater [14-
15].

Here we used both conventional and quantitative real
time RT-PCR (gRT-PCR) as readouts to compare
efficiencies of 4 water concentration methods namely,
A) filtration on negatively charged membrane
followed by extracting RNA from it, B) adsorption-
elution method, C) flocculation with skimmed milk
and D) polyethylene glycol precipitation to enhance
sensitivity of detecting genetic material of both the
SARS-CoV-2 and 229E-HCoV as a model for spike-
containing enveloped viruses both from fresh and
waste water.
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Figure 3: A:Cycle thresholds (Ct), the number of 0 =Ll
cycles at which the linear amplification occurs, 20
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B:Amplification curve and C: melting curve Cycles
corresponding to quantitative detection of SARS- [l 3]
CoV-2 amplicons recovered from fresh and
wastewater using the four used water concentration C

protocols compared to positive control.

4.Discussion

Since the beginning of the novel coronavirus
pandemic reports speculated about possible virus shed
in various human excretory/secretory products
including stool, vomiting, nasal discharge and sputum
[3] which more likely end in the drain. Thus scientist
started to think of using the level of the detected
SARS-CoV-2 (or its RNA) in wastewater to guess
(approximately estimate) the number of infected
humans in a given district [6].

However, scientists need to test all available
wastewater concentration methods to enhance the
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Figure 4: A:Cycle thresholds (Ct), the number of
cycles at which the linear amplification occurs,
B:Amplification curve and C: melting curve
corresponding to SYBR green quantitative detection
of 229E-HCoV amplicons recovered from fresh and
wastewater using the four used water concentration
protocols compared to positive control.
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Results showed ability of real time qRT-PCR to detect
both the genetic material of SARS-CoV-2 and 229E-
HCoV in fresh and wastewater with different Ct values
but recovered RNA from the four used concentration
protocols were all within the detection limits.
Unlikely, cRT-PCR was not sensitive enough to detect
recovered SARS-CoV-2 RNA for wastewater samples
by the concentration method C were no amplification
products were visualized on the agarose gel and
similar recovery and detection limitations were
recorded upon using cRT-PCR to detect recovered
RNA of both viruses by methods A and C.

Generally, we can say that methods A and B can be
used with high % recovery of both SARS-CoV-2 RNA
and whole 229E-HCoV viral particle, however method
B gave better results as on cutting nitrocellulose into
pieces and put it in lysis buffer as done with method
A, this might cause RNA or viral particle to be
entangled (lost) between membrane pieces. So on
using conventional PCR or real time PCR method B is
recommended as it gave the best recovery of both
SARS-CoV-2 RNA and whole 229E-HCoV when
compared to other methods and this agreed with Pino
et al [16].

Method C can be used for RNA and viral isolation
from fresh but not wastewater which might be due to
competition (interference) between milk particles and
present particles in wastewater to adsorb RNA or viral
particles carrying negative charge in acidic pH.

Although it gave different band intensities or Ct value
in each test, method D comes second in the
recommendation as both cRT-PCR and gRt-PCR
results were within the detection limit. Also this
method gave better results on isolating RNA or viral
particle from wastewater than from fresh water. This
might be due to the higher molecular weight protein
content in wastewater which are not or rarely present
in fresh water which will be precipitated by PEG. As
the virus/RNA are more likely adsorbed on such high
molecular weight proteins they will be co-precipitated
by PEG [22] making the PEG preferable approach to
recover corona virus/RNA from wastewater by many
researchers [23] regardless of the limited sample
volume used.

5.Conclusions

Since Viral particles or viral RNA are found diluted
in wastewater so usage of wastewater concentration
methods of higher recovery rates is very important in
order not to miss any positive samples. on comparing
four different wastewater concentration methods we
found that for SARS-CoV-2 RNA or whole 229E-
HCoV one can recommend adsorbtion-elution
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method for recovery from fresh water and
adsorbtion-elution method then polyethylene glycol
precipitation method for recovery from wastewater,
also we can recommend gRT-PCR for detection.

List of abbreviations:

Dist.water/A: Distilled water spiked with RNA of
SARS-Co-V2 or Full virus of human corona virus
229E then concentrated with method A.
Dist.water/B: Distilled water spiked with RNA of
SARS-Co-V?2 or Full virus of human corona virus
229E then concentrated with method B.
Dist.water/C: Distilled water spiked with RNA of
SARS-Co-V2 or Full virus of human corona virus
229E then concentrated with method C.
Dist.water/D: Distilled water spiked with RNA of
SARS-Co-V2 or Full virus of human corona virus
229E then concentrated with method D.
Wastewater/A: Wastewater spiked with RNA of
SARS-Co-V2 or Full virus of human corona virus
229E then concentrated with method A.
Wastewater/B: Wastewater spiked with RNA of
SARS-Co-V2 or Full virus of human corona virus
229E then concentrated with method B.
Wastewater/C: Wastewater spiked with RNA of
SARS-Co-V2 or Full virus of human corona virus
229E then concentrated with method C.
Wastewater/D: Wastewater spiked with RNA of
SARS-Co-V2 or Full virus of human corona virus
229E then concentrated with method D.
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