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Background
Wastewater testing can be used to detect SARS-CoV-2 viral
RNA shed in the stool of symptomatic and asymptomatic
infected individuals, providing near real-time surveillance of
SARS-CoV-2 viral spread at the community level. Wastewater
testing provides a more complete snapshot of community spread
than clinical testing and can serve as an early warning system for
COVID-19 outbreaks.

Additionally, there is not one standard testing method established
by regulatory body(ies) for laboratories to follow so sample
collection, pre-treatment and concentration approaches vary
substantially globally. However, there are detailed methods for
water-based epidemiology for detection of other viruses by many
organizations such as the World Health Organization (Guidelines
for environmental surveillance of poliovirus circulation.

Establishing a SARS-CoV-2 biosurveillance program provides
critical information to communities including detecting the
presence of COVID-19, with several research studies indicating the
detection several days before clinical diagnosis and reported cases
in a community. Secondly, a biosurveillance program will enable
communities to monitor trends of cases within specific watersheds
and communities which is valuable as a leading indicator as well
as monitoring how communities respond and are administered
the COVID-19 vaccine.

Guidelines for Environmental Surveillance of Poliovirus Circulation
Method 1615 Measurement of Enterovirus and Norovirus
Occurrence in Water by Culture and RT-qPCR
As well, there are several valuable resources for more detailed
workflow approaches contained at the end of this document.

Overall Sample Workflow
The workflow for measuring SARS-CoV-2 in wastewater includes:
• Sample Collection
• Sample Preparation

Due to the extensive volumes of raw wastewater processed
through sewage treatment facilities, the continuous wastewater
flow and its’ non-homogeneity, it is appropriate to gather timecomposited raw wastewater samples to more accurately capture
representative viral RNA concentrations. This can be challenging
as the sampling yields large sample volumes, often ranging from
0.5 to 2+ liters while having relatively low viral loads. Thus,
critical steps to the detection of SARS-CoV-2 in wastewater is the
pre-treatment and concentration of the samples.

• Sample Concentration
• SARS-CoV-2 RNA Extraction
• PCR Set-up
• Target Amplification and Detection

SARS-CoV-2 Wastewater Treatment Plant Biosurveillance Workﬂow

WASTEWATER
EFFLUENT/SLUDGE
Wastewater or Sludge with
SARS-CoV-2 traces

SAMPLE
COLLECTION
Collect wastewater
or sludge sample

CONCENTRATE
AND CLEAN
Sample preparation

RNA ISOLATION ON CHEMAGIC™
VIRAL DNA/RNA 300 KIT H96 +
CHEMAGIC™ 360 INSTRUMENT

RNA ISOLATION SAMPLE PREP
Automated buffer preparation and plate set up
on JANUS® G3 Primary Sample Reformatter*

PCR SET UP

Automated Sample Processing with
JANUS® G3 PCR Workstation*

Automated post extraction RT-PCR set up (RUO Kit)

INCUBATION AND READ
ON THERMOCYCLER
Amplify - Real-time PCR – qPCR
instrument + SARS-CoV-2 PCR assay

A Closer Look
BENEFITS
• Enables quick identiﬁcation of SARS-CoV-2 'hot spots'
• High sensitivity with low limits of detection for viral
presence, critical in wastewater testing
• Scalable solution to meet evolving requirements
• Conﬁdence in a solution from a partner with expertise
in viral detection and environmental testing

For research use only. Not for use in diagnostic procedures.

PURIFICATION

LYSIS

RT-PCR
CORONAVIRUS

LYSED VIRUS

PURE VIRAL RNA

*Products may not be licensed in accordance with the laws in all countries. Please check with your local representative for availability.
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Copyright ©2021, PerkinElmer, Inc. All rights reserved. PerkinElmer® is a registered trademark of PerkinElmer, Inc. All other trademarks are the property of their respective owners.
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Sample Collection

Sample Homogenization

Sample Collection Considerations

In order to ensure representative, homogenous samples,
wastewater samples (pre-treatment plant effluent liquid or primary
sludge) should be well-mixed prior to removing portions of
collected wastewater for downstream processing. Mixing samples
manually can be done by inverting samples several times (for
liquid samples) or by mechanical means. Sonication can also be
used to break up wastewater solids and disaggregate virus
particles in order to homogenize the samples.

Raw wastewater samples should be collected at conveyance points
prior to any type of treatment. Sample methods for the testing of
wastewater for the presence of SARS-CoV-2 have been performed
by both grab (definition) and composite sample methods (Sampling
methodologies). Several studies, including long-term monitoring of
SARS-CoV-2 RNA in wastewater of the Frankfurt metropolitan area
in Southern Germany have endorsed composite sampling over grab
sampling as composite samples are gathered over a 24-hour period
and should ensure maximum loading is captured. It is recommended
that a 0.5 - 2 liter 24-hour composite sample of raw sewage is
collected into a sterile sample bottle(s), taking the appropriate
biosafety precautions and have specific controls in place for the
containment of microbes and biological agents (per CDC guidance).
Note: An alternative to gathering and testing raw wastewater is
to collect composite samples of the primary sludge, whereby the
raw wastewater has been processed through a sedimentation step
whereby solids precipitated and significantly more concentrated.
The benefits for analyzing primary sludge includes lower sample
volumes needed, (in the 1 - 5 mL range) and samples may not
need the concentration step. The drawback to primary sludge
sampling is you cannot isolatevspecific buildings or neighborhoods
since the samples are limited to an entire treatment facility.
Specific methodology details are shared by Yale University.
https://yalecovidwastewater.com/.

Sample Pretreatment Considerations
Virus Inactivation
There is a biosafety risk with handling of wastewater samples
due to bioaerosol-generating procedures during the processing
of the samples. There are various methods such as exposing
the samples to UV light whereby UV degrades DNA/RNA which
further minimizes exposure risks. However, the most common
approach is through pasteurization.
Consider the following when deciding whether to
include pasteurization:
The extent to which heat pasteurization will damage the short
RNA fragments targeted by PCR is unknown in wastewater.
Through peer-reviewed reports, it has been found that heat
treating respiratory specimens at 56 ºC for 30 minutes causes a
negligible change to the RNA measurement. Other research
indicates that treating the wastewater at 60 ºC can improve
SARS-CoV-2 RNA measurement. (CDC, A new public health tool to
understand COVID-19 spread in a community).

Optimal Sample Storage Parameters
Refrigerate samples at 4 °C immediately after collection and process
them within 24 hours to reduce SARS-CoV-2 RNA degradation.
Make note of time between collection and processing.If samples
cannot be processed within 24 hours after collection, you should
spike a matrix recovery control into the sample prior to refrigerating
it at 4 °C or freezing it at -20 °C or -70 °C. (CDC, A new public
health tool to understand COVID-19 spread in a community).
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Sample Clarification
Note that this step is most critical if subsequent concentration
methods include filtration of any type, including ultrafiltration or
centrifugal ultrafiltration:
To improve subsequent concentration steps, such as filtration,
remove larger solids to ensure more effective sample concentration.
Use of large pore size filter (5 µm or larger) or centrifugation of
sample can accomplish this clarification step. However, it should be
noted that removal of larger particles can increase the risk of
removing SARS-CoV-2 RNA that adhered to the larger solids.

Sample Concentration Considerations
Concentration Approaches
Sample concentration is a necessary and critical step to improving
detection of the SARS-CoV-2 RNA. In addition, it optimizes sample
volumes to the associated RNA extraction and subsequent
application workflows There are numerous methods for
concentration of wastewater samples, including:
•	Virus Adsorption Elution
•	Ultrafiltration
• Centrifugal Ultrafiltration
•	Precipitation with Polyethylene Glycol
• Ultracentrifugation
• Milk Flocculation
When selecting a concentration method, consider the expertise
and experience of analytical staff, the sample matrix (untreated or
raw wastewater, primary sludge), sample volume(s) collected for
analysis, processing time and reporting requirements and
availability of laboratory instruments and consumables. This
guidance document will focus on the Precipitation with
Polyethylene Glycol (PEG) method.

Equipment and Materials
• Refrigerated centrifuge
• 500 mL centrifuge tubes and support cushions
• 250 mL centrifuge tubes and support cushions
• pH meter
• Stir plates
• Stir bars

Reagents
• Sodium Chloride (NaCl)
• PEG - polyethylene glycol 8000 (SigmaAldrich 1546605-1G)
• 0.15 M Sodium Phosphate pH = 7.5
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Method (per LIDE)
1. Place a stir bar in the container of eluate.
2.	Add 11.7 g NaCl per 1 liter wastewater (0.2 M NaCl) and mix.
3.	Add 80 g PEG per 1 liter wastewater (8% PEG 8000 w/v) and mix.
4.	Transfer container to cold room (4 °C) and place on magnetic
stirrer. Stir at a speed sufficient to develop a vortex, but
minimizes foaming (which inactivates viruses). Mix slowly for a
minimum of two hours.
5.	Remove from the magnetic stirrer and hold sample overnight
at 4 °C (16 hrs).
6.	Pour the precipitated sample into two 500 mL conical centrifuge
tubes. Centrifuge at 4700 xg for 45 minutes at 4 °C.
7. Remove supernatant by decanting.
8.	Let the sample set for approximately five min to allow the
residual liquid to drain to the bottom of the tube. If it will be
more than five minutes place the tube in the cold room to
preserve the integrity of the sample.
9.	Mix with positive displacement pipette to re-suspend the
pellet. If sample is too thick, 0.15 M sodium phosphate
may be added.
10.	Record the total pellet suspended volume.
11. Aliquot the FCSV into labeled 2 mL cryovials.
12. Freeze all aliquots at -80 °C for long term storage.
Follow instructions set by testing laboratory for packaging,
shipping and delivery. If shipping, pack in bubblewrap and ice
packs, labeling will require UN3373 label. Include sample log for
chain of custody.

Assay Procedure
Product Name

Principles of the Assay
The PerkinElmer New Coronavirus Nucleic Acid Detection Kit
uses TaqMan-based real-time PCR technique to conduct in vitro
reverse transcription of SARS-CoV-2 RNA, DNA amplification
and fluorescence detection.
•	The assay targets specific genomic regions of SARS-CoV-2:
nucleocapsid (N) gene and ORF1ab.
•	The TaqMan probes for the two amplicons are labeled with
FAM and ROX fluorescent dyes respectively to generate
target-specific signals.
•	The assay includes an RNA internal control (IC, bacteriophage
MS2) to monitor the processes from nucleic acid extraction to
fluorescence detection. The IC probe is labeled with a VIC
fluorescent dye to differentiate its fluorescent signal from SARSCoV-2 targets.
•	The assay also uses a dUTP/UNG carryover prevention system to
avoid contamination of PCR products and subsequent false
positive results.

Kit Components and Packaging Specifications
(48 reactions/kit)
Component
Name

Specifications
and Loading

48 Tests

Intended Use
The PerkinElmer New Coronavirus Nucleic Acid Detection Kit is
intended for the qualitative detection of RNA from the SARS-CoV-2.
Data from various outside organizations support that this test is
compatible with pretreated wastewater samples. Reference the
application brief with Dane Labs This kit is not for clinical use. All
intended wastewater samples to be tested will require validation to
determine suitability and performance to the kit’s intended use. 

Storage
Conditions

nCoV
Reagent A

950 μL

×1 tube

Buffers, dNTPs,
Mg2+

-25 to -15 °C

nCoV
Reagent B

230 μL

×1 tube

TE buffer,
primers, probes

-25 to -15 °C

170 μL

×1 tube

Taq DNA
polymerase,
MMLV, RNasin,
UNG

-25 to -15 °C

nCoV Internal
1.4 mL
Control

×1 tube

TE buffer,
bacteriophage
MS2

-25 to -15 °C

nCoV
Enzyme Mix
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Kit Contents

Main
Ingredients

nCoV Positive
Control

SARS-CoV-2 RNA
fragments
1.4 mL ×2 tubes
-25 to -15 °C
capsulated in
bacteriophage

nCoV Negative
1.4 mL ×2 tubes
Control

TE buffer

-25 to -15 °C

Notes:
1. The reference materials and other components in the kit should be treated
as potential sources of infection.
2. The use of this kit should be strictly in accordance with the nucleic acid
amplification guidelines to operate in compliance with the requirements of
the appropriate laboratories.
3. The components in different batches of the kit cannot be used
interchangeably.
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Materials Required but Not Provided
1.	Sample Collection, Pretreatment and Concentration
Consumables and Reagents.
2.	RNA extraction reagents, instruments and related software.
Recommended RNA extraction reagents and instruments
are the chemagic™ Viral DNA/RNA 300 Kit special H96
Kit (CMG-1033-S) and the chemagic™ 360 instrument
(2024-0020) equipped with the chemagic™ 360 96 Rod
Head Set (CMG- 371) or another nucleic acid isolation
system for isolation of viral RNA.
3.	PCR amplification instrument and software Instruments
compatible with real-time PCR with FAM, HEX/VIC and
ROX channels.
4.	Additional tools and consumables required for automatic
nucleic acid extraction and PCR setup using chemagic™
360 and JANUS automation.
Items

Cat. No.

Centrifuge

TDL-80-2B

Vortex mixer

XW-80A

2 mL deep-well-plate (riplate SW)

CMG-555

Low-well-plate

CMG-555-1

Magnetic rods disposable tips

CMG-550

Safety Precautions
1.	Wear appropriate Personal Protective Equipment (PPE), including
(but not limited to) disposable powder-free gloves, hats,
protective lab coats and goggles. Change gloves often when
handling reagents or samples.
2. Wash hands thoroughly after handling specimens and reagents.
3.	Handle Internal Control, Positive Control, all specimens and
waste materials as if they could transmit infection agents in
accordance with Universal Precautions.
4.	Follow national biological safety recommendations for handling
biological samples.
5.	Refer to the Clinical and Laboratory Standards Institute (CLSI)
Protection of Laboratory Workers from Occupationally Acquired
Infections; Approved Guideline (M29), for safety precautions.
6. Safety Data Sheets are available upon request.

Laboratory Precautions for Contamination Prevention
1.	Do not handle samples in a biosafety cabinet which is used for
other SARS-CoV-2 culturing or testing purpose.
2.	Prior to processing samples, thoroughly clean the work area
with freshly prepared 10% bleach or 75% ethanol. Then wipe
the work area with water.
3.	Avoid excessive handling of the Positive Control to avoid
contamination.
4. Change gloves after handling the Positive Control.

Storage and Handing Requirements
1.	Store all reagents at -25 to -15 °C.
2.	Use the reagents within 30 days once opened.
3.	Completely thaw the reagents before use. Reagent A
may precipitate upon thawing. Mix reagent at room
temperature until fully dissolved. After thawed, store
at 2 - 8 °C.
4.	Avoid excessive freeze/thaw cycles for reagents.

Warnings and Precautions
General Precautions
1.	Positive results are indicative of the presence of
SARS-CoV-2 RNA.
2.	Specimens should be collected with appropriate infection
control precautions.

6.	After amplification completes, immediately place the PCR
tubes in a sealable bag; ensure the bag is sealed, then discard
the tubes in a biohazard container.
7.	Change gloves after handling an after-run PCR tube.
8.	All materials used in one area should remain in that area and
should not be moved or used in other areas. Never bring afterrun PCR tubes to other areas, such as PCR set up area and
sample preparation area.

Instruments
•	chemagic™ 360 Instrument

3.	Do not use reagents after its expiration date.

•	A compatible real-time PCR instrument with FAM, HEX/VIC and
ROX channels.

4.	Do not use the kit if the outer box sealing label is broken
upon arrival.

Considerations and Laboratory Controls

5.	Do not use reagents if the tube caps are open or broken
upon arrival.
6.	Follow the assay procedures indicated in this document to
ensure optimal test performance.
7.	Dispose of waste according to local, state, and
federal regulations.
8.	The PCR instrument used for this assay should be calibrated
regularly according to instrument’s instructions to eliminate
cross-talks between channels.
6

5.	If spillage of specimen, Positive Control, or Internal Control
occurs, immediately disinfect the area with freshly prepared
0.5% sodium hypochlorite (bleach) or follow appropriate
laboratory biosafety procedures.

At the time of this guidance document publication, no
consistent, quality control nor proficiency testing methods or
standards for SARS-CoV-2 detection in wastewater has been
established. It is expected that independent laboratory industry
groups and accreditation bodies are working to develop a
mechanism for quality assurance. https://www.who.int/newsroom/commentaries/detail/status-of-environmental-surveillancefor-sars-cov-2-virus. Thus, laboratory controls are crucial during
this interim period. Per CDC’s guideline, consider incorporating

New Coronavirus Nucleic Acid Detection Kit for Wastewater

these laboratory controls CDC, National Wastewater
Surveillance System (NWSS). A new public health tool to
understand COVID-19 spread in a community.
• Matrix recovery control
• Human fecal normalization

chemagic 360 Layout
Items

Positioning Tips and Plates on Tracking System

Position 1

Rack with Disposable Tips

Position 2

Low-well-plate (MICROTITER SYSTEM) prefilled with
150 μL Magnetic Beads

• Quantitative measurement controls
• Inhibition assessment
• Negative controls

Assay Procedure
Position 3

Sample Process
1.	Obtain the various pretreated, and condensed
wastewater samples.
2.	Chill samples 2 °C - 8 °C in a refrigerator or on ice
until needed.

Nucleic Acid Extraction and Automation Considerations
Please follow chemagic 360 User Manual for extraction setup.
A quick-start instruction is described as below.
™

1.	Place samples in a biological safety cabinet. If the sample is
frozen, completely thaw it at room temperature before use.
2.	Take a 2 mL deep-well-plate (riplate SW), add 300 µL Lysis
buffer, 300 µL sample, the Internal Control (volume dependent
on PCR reaction volume, (See Table chemagic 360 Layout),
4 µL Poly (A) RNA and 10 µL Proteinase K to each well in a
sequential order.
		Please note: Dissolve lyophilized Poly(A) RNA by adding 440 μL
of the Poly(A) RNA Buffer to the Poly(A) RNA tube and mix
thoroughly before use;
			 i.	Dissolve lyophilized Proteinase K in H2O before use
(volume is given on the label).
3.	Take a low-well-plate, add 150 µL magnetic beads into
each well.
4.	Take a new deep-well-plate (riplate SW), add 60 µL Elution
Buffer 5 into each well.
5.	Turn on the chemagic™ 360 instrument, double click the
software icon “chemagic_360”, select username and enter
password to start. Follow the chemagic™ 360 User Manual to
select the appropriate protocol.

Position 4

Empty deep-well-plate (riplate SW) [Wash Buffer 3
added automatically]

Position 5

Empty deep-well-plate (riplate SW) [Wash Buffer 4
added automatically]

Position 6

Empty deep-well-plate (riplate SW) [purified water
added automatically]

Position 7

Deep-well-plate (riplate SW) prefilled with 60 μL
Elution Buffer 5

1.	Double check the positions and directions of all consumables
according to the tracking system.
2.	Click “Start” to start the extraction process.
3.	Proceed to downstream assay with the extracted nucleic acids
or store the nucleic acids at -25 °C to -15 °C.

Manual PCR Setup
Setup PCR manually according the procedures described below
after nucleic acid extraction using chemagic™ 360 instrument if
no Janus Automation to be used.
PCR WITH 60 UL PER REACTION
1.	Prepare PCR mix in Reagent Preparation Area according
to the following table. It is recommended to prepare
110% of the calculated amount of PCR mix to account
for pipetting carryovers.
Volume/
Test

Volume for N
Samples and
2 Controls

110% of
Volume

nCoV Reagent A

15 μL

15 x (n + 2) μL

16.5 x (n + 2) μL

nCoV Reagent B

3 μL

3 x (n + 2) μL

3.3 x (n + 2) μL

nCoV Enzyme Mix

2 μL

2 x (n + 2) μL

2.2 x (n + 2) μL

6.	Load the magnetic rods disposable tips onto the tip rack
according to the number of samples, positive control and
negative control being tested.

Component

7.	Load the plates onto the tracking system (table) according to
the instructions given by the chemagic software. The plates
should be at the positions indicated in the below table.
		 Please note:
			 i.	Samples and Magnetic Beads should be thoroughly vortex
mixed before use;
			 ii.	Never move the tracking system (table) manually.
All movements have to be performed with the
[Turn Table] function.

Deep-well-plate (riplate SW) containing:
• Internal Control:
 5 μL for PCR reaction as 60 μL per reaction
 10 μL for PCR reaction as 30 μL per reaction
 20 μL for PCR reaction as 15 μL per reaction
• 300 μL Lysis Buffer 1
• 300 μL sample
• 4 μL Poly(A) RNA
• 10 μL Proteinase K
• Binding Buffer 2 (added automatically)

2.	Completely vortex the prepared PCR mix, aliquot 20 μL into
each PCR tube or each well of a 96-well PCR plate.
3.	Add 40 μL of extracted nucleic acid into each tube or well
containing PCR mix, close lids for the PCR tubes or seal PCR
plates with an appropriate film, slightly vortex the tubes and
briefly centrifuge them to get rid of bubbles.
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PCR WITH 30 UL PER REACTION
1.	Prepare PCR mix in Reagent Preparation Area according
to the following table. It is recommended to prepare
110% of the calculated amount of PCR mix to account for
pipetting carryovers.
Volume/
Test

Volume for N
Samples and
2 Controls

110% of
Volume

nCoV Reagent A

7.5 μL

7.5 x (n + 2) μL

8.25 x (n + 2) μL

nCoV Reagent B

1.5 μL

1.5 x (n + 2) μL

1.65 x (n + 2) μL

1 μL

1 x (n + 2) μL

1.1 x (n + 2) μL

Component

nCoV Enzyme Mix

2.	Completely vortex the prepared PCR mix, aliquot 10 μL into
each PCR tube or each well of a 96-well PCR plate.
3.	Add 20 μL of extracted nucleic acid into each tube or well
containing PCR mix, close lids for the PCR tubes or seal PCR
plates with an appropriate film, slightly vortex the tubes and
briefly centrifuge them to get rid of bubbles.
PCR WITH 15 UL PER REACTION
1.	Prepare PCR mix in Reagent Preparation Area according to
the following table. It is recommended to prepare 110%
of the calculated amount of PCR mix to account for
pipetting carryovers.
Volume/
Test

Volume for N
Samples and
2 Controls

110% of
Volume

nCoV Reagent A

3.75 μL

3.75 x (n + 2) μL

4.125 x (n + 2) μL

nCoV Reagent B

0.75 μL

0.75 x (n + 2) μL

0.825 x (n + 2) μL

nCoV Enzyme Mix

0.5 μL

0.5 x (n + 2) μL

0.55 x (n + 2) μL

Component

3.	Make sure the reaction volume setting is correct (60 µL,
30 µL, or 15 µL).
4. Select the fluorophore setting as below.
Target Name or Detector

Reporter

Quencher

N

FAM

None

ORF1ab

ROX

None

IC

VIC/HEX

None

5.	Double check all the settings and start the run.

Interpretation of Results
Baseline and Threshold Setting
After the run completion, save and analyze the data according to
PCR instrument instructions.
1.	Set baseline for each target.
		The horizontal part of the baseline is used for the baseline
range, which normally starts from 3 - 5 cycles and ends at
15 - 20 cycles. Baseline setting is normally automatically done
by instrument. It can also be manually adjusted to choose the
horizontal part of the curve.
2. Set threshold for each target.
		Thresholds should be adjusted to fall within exponential phase
of the fluorescence curves and above any background signal
(refer to figures below). The threshold value for different
instruments varies due to different signal intensities.

2.	Completely vortex the prepared PCR mix, aliquot 5 μL into each
PCR tube or each well of a 96-well PCR plate.
3.	Add 10 μL of extracted nucleic acid into each tube or well
containing PCR mix, close lids for the PCR tubes or seal PCR
plates with an appropriate film, slightly vortex the tubes and
briefly centrifuge them to get rid of bubbles.

Amplification
1.	Set up and run the PCR instrument according to the
instrument reference guide.
2. Set the thermal cycling condition as below.
Step

Temperature

Time

Number of Cycles

1

37°C

2 minutes

1

2

50°C

5 minutes

1

3

42°C

35 minutes

1

4

94°C

10 minutes

1

94°C

10 seconds

55°C

15 seconds

65°C*

45 seconds

5

* Collect fluorescence signal during the final 65°C step.
8

45

3.	Interpret the results based on the tables listed in “Quality Control”
and “Examination and Interpretation of Sample Results”.
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Quality Control

Examination and Interpretation of Results

The PerkinElmer New Coronavirus Nucleic Acid Detection Kit uses
several controls to monitor assay performance.

Assessment of sample test results should be performed after the
positive and negative controls have been examined and confirmed
to be valid and acceptable. If the controls are not valid, the results
cannot be interpreted.

•	The Internal Control (IC) consists of inactivated and stabilized
MS2 Bacteriophage that contain an RNA genome. It is included
in the sample extraction to monitor inhibitors in the sample and
assures that adequate lysis and amplification has taken place.
•	The Positive Control (Synthetic SARS-CoV-2 RNA encapsulated in
recombinant virus) is included in every RT-PCR run to assures
that adequate lysis and amplification has taken place. It is
intended to monitor substantial reagent failure.
•	The Negative Control (TE buffer) is included in every RT- PCR run
to assures that reagent mix is free of positive contamination. It is
intended to detect reagent or environmental contamination (or
carry-over) by target nucleic acids.
All test controls should be examined prior to interpretation of results.
Positive control, negative control and IC in positive and negative
control should meet the requirements listed in the below table to
ensure valid results. If the controls are not valid, the results cannot
be interpreted.

Negative
Positive

Ct
N (FAM)

ORF1ab (ROX)

IC (HEX/VIC)

Undet or > 42

Undet or > 42

Ct ≤ 40

≤ 35

≤ 35

/

/: No requirements on the Ct value.
Undet: Undetermined

Negative
Positive

ORF1ab (ROX)

IC (HEX/VIC)

Undet or > 42

Undet or > 42

Ct ≤ 40

≤ 36

≤ 36

/

Positive

≤40

Both targets
Undet or >42

/

Both targets ≤ 42

SARS-CoV-2 detected

/

One of the targets
≤ 42

SARS-CoV-2 detected

>40 or Undet

Both targets Undet
or >42

Invalid result, specimen
needs to be re-tested from
re-extraction or re-collected
from patient for test.

SARS-CoV-2 not detected

1.	If the result for a sample is SARS-CoV-2 RNA not detected,
the Ct value of the internal control must be ≤40, otherwise
the result of that sample is invalid, and the specimen needs to
be re-tested.
2.	If the result for a sample is SARS-CoV-2 RNA detected, the Ct
value of the internal control is not required to be considered.

This kit is used for:
•	The samples to be tested shall be collected, processed, stored
and transported in accordance with the conditions specified
in the instructions. Inappropriate sample preparation and
operation may lead to inaccurate results.
•	Primers and probes for this kit target highly conserved regions
within the genome of SARS- CoV-2. Mutations occurred in
these highly conserved regions (although rare) may result in
RNA being undetectable.

RESULT INTERPRETATION OF TEST CONTROLS FOR
15 μL REACTIONS:

Negative

N(FAM),
ORF1ab (ROX)

Kit Limitations

Ct
N (FAM)

/: No requirements on the Ct value.
Undet: Undetermined

Control Type

Result Interpretation

IC (VIC/HEX)

Notes: False positive results may be generated through sample crosscontamination or environmental contamination if not strictly follow laboratory
regulations and the kit instructions. Re-testing samples with high Ct values
should be considered to confirm positive results if contamination is suspected.

RESULT INTERPRETATION OF TEST CONTROLS FOR
30 μL REACTIONS:
Control Type

Ct

/: No requirements on the Ct value.
Undet: Undetermined

RESULT INTERPRETATION OF TEST CONTROLS FOR
60 μL REACTIONS:
Control Type

The table below lists the expected results for the kit with valid
positive control and negative control:

Ct
N (FAM)

ORF1ab (ROX)

IC (HEX/VIC)

Undet or > 42

Undet or > 42

Ct ≤ 40

≤ 37

≤ 37

/

1.	Negative Control: both ORF1ab and N of SARS-CoV-2 must be
not detected or have a Ct value >42, and the Ct value of
internal control should be ≤40.
2.	Positive Control: both ORF1ab and N of SARS-CoV-2 must be
detected, and their Ct values should fall within the ranges as
described in the above tables, the Ct value of internal control
does not have to be ≤40 for positive control.

•	This kit uses an UNG/dUTP PCR products carryover prevention
system which can prevent contamination caused by PCR
products. However, in the actual operation process, the
amplicon contamination can be avoided only by strictly
following the instructions of PCR laboratories.
•	Negative results do not preclude SARS-CoV-2 presence and
should not be used as the sole basis for mitigation or other
management decisions.

9

New Coronavirus Nucleic Acid Detection Kit for Wastewater

Assay Performance

Run with chemagic 360 instrument:

Limit of Detection

Input – 2 mL chemagen deep well.

The Limit of Detection (LoD) is determined as the lowest
concentration of SARS-CoV-2 at which The PerkinElmer New
Coronavirus Nucleic Acid Detection Kit can detect at a ≥95%
positive rate.

Output – Purified RNA in 96-deep well plates.

Analytical Reactivity (Inclusivity)
The inclusivity of the primers/probes were evaluated in GISAID’s
EpiCoV database. Blastn alignment was batch performed against
15,756 sequences included in the database as of July 31st, 2020.
All oligo sequences match the target genes at a rate of greater than
99.5 % and are unlikely to produce false negative results in RT-PCR.

Analytical Specificity (Exclusivity)
The exclusivity of the primers/probes were evaluated on 62 genome
references of viruses and species ranging the bacterial, fungal, and
animal kingdoms. These references were chosen because of the
likeliness to appear as background nucleic acid in input RNA
samples. Blastn alignment shows that none of the exclusivity
reference genomes have perfect homology to the primers/probes
and are unlikely to emit a false positive signal in RT-PCR.

Automated Workflow Elements
RUN JANUS G3 PRIMARY SAMPLE REFORMATTER:

User manual provided with purchase.
ADDITIONAL RESOURCES:
•	
Fast, Easy and Reliable Isolation of Coronavirus SARS-CoV-2
RNA and Subsequent Analysis
•	
Chemagic 360 Instrument
RUN JANUS G3 QPCR WORKSTATION (VOLUMES ARE
DEPENDENT ON WHAT PCR REACTION VOLUME IS USED):
1.	Transfer PCR mastermix from source tube to 96-well qPCR
plate – x uL.
2.	Transfer samples to 96-well qPCR plate containing PCR
Mastermix – y uL.
User manual provided with purchase. Additional resources:
JANUS® G3 Primary Sample Reformatter and JANUS® G3
PCR Workstation.
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15 mL falcon tubes in automated test-tube barcode scanner.
6.	Transfer wastewater samples from 15 mL falcon tube to 2 mL
chemagen deep well plate containing the ProK/PolyA/IC
solution - 300 uL.
7.	Transfer Lysis Buffer from Source Tube to each Sample/
Negative/Positive Control containing well in 2 mL chemagen
deep well plate – 300 uL
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6.	Researchers at the MIT Alm Lab and Biobot Analytics,
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User manual provided with purchase. Additional resources:
JANUS® G3 Primary Sample Reformatter and JANUS® G3
PCR Workstation.
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