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Summary 
Towards the end of 2019, an outbreak of a new coronavirus (SARS-CoV2) was identified and reported 
by the WHO in the city of Wuhan, China. SARS-CoV-2 is primarily transmitted by droplet infection 
via cough, sneezing, or close contact with infected persons, which contributes to the rapid global 
spread of the respective disease called COVID-19.  
Common symptoms of COVID-19 include fever, cough, anosmia, sputum production, headache, 
dyspnea, fatigue, nausea, diarrhea. While some cases are asymptomatic, others can lead to acute 
respiratory distress syndrome or even death.  
The availability of specific and sensitive tests for high-throughput screening of the SARS-CoV2 virus 
is essential for the overall public health response to the pandemic and helps mitigate its impact on 
vulnerable population and healthcare systems [1,2,3]. The ender MAX COVID 19 kit is an in 
vitro diagnostics medical device screening test that contains the reagents necessary to perform real 
time RT-PCR. The SARS-CoV-2 primer system is designed for the detection of viral RNA in upper 
respiratory tract specimen [4,5]. Correlation of a positive test result with the individual’s current 
health status and history and other diagnostic information is necessary to determine patient disease 
status. Negative results should be considered in the context of a patient’s recent exposures, history 
and the presence of clinical signs and symptoms consistent with COVID-19. 
  



 

IFU ender MAX COVID 19; V02; 15.11.2022  5 / 32 

General Information 
Intended Use 
ender MAX COVID 19 is intended for the qualitative detection of the N, E, ORF1a and ORF1b gene 
sequences of SARS-CoV-2 in human oral rinse naso- and oropharyngeal swab specimen for screening 
of infectious individuals in single or pooled sample testing [6,7]. The test can be carried out manually 
or in a semi-automated manner with liquid handling robots. The real time RT-PCR (real time reverse 
transcription polymerase chain reaction) kit contains the lysis buffer, enzyme and primer mix for real 
time RT-PCR. 
Positive results are indicative of the presence of SARS-CoV-2 RNA; clinical correlation with patient 
history and other diagnostic information is necessary to determine patient infection status. 
Furthermore, positive results do not rule out bacterial infection or co-infection with other viruses.  
Negative results do not preclude SARS-CoV-2 infection and should not be used as the sole basis for 
patient management decisions. Negative results must be combined with clinical observations, 
patient history, recent exposures, and epidemiological information. 
For in vitro diagnostic use by qualified and trained clinical laboratory personnel specifically instructed 
and trained in the techniques of real-time RT-PCR. 

 

Test Principles 
The specimen are first treated with the Lysis Buffer provided and then thermolyzed. 14.5 μL of the 
thermolyzed specimen are added to the reaction mix consisting of enzyme and primer mix. The 
amplification reaction is subsequently carried out in a real-time PCR cycler. 
 
During the reaction, the probes anneal to specific target sequences (N, E, ORF1a and ORF1b genes 
for SARS-CoV-2, and the human-specific RNase P gene for the sampling, process, and amplification 
control) located between the forward and reverse primer. The 5’ nuclease activity of the Taq 
polymerase degrades the probe during the elongation phase of the PCR cycle, causing the reporter 
dye to separate from the quencher, generating a fluorescent signal. With each cycle, additional 
reporter dye molecules are cleaved from their respective probes, increasing the fluorescence 
intensity. Fluorescence intensity is recorded at each PCR cycle by the real-time PCR instrument. The 
result of the amplification is then reported through the corresponding analysis software. 
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Warning and Precautions 
• For in vitro diagnostic use only. 
• Do not drink, eat, smoke, chew gum or brush teeth 30 min prior to specimen collection 
• The ender MAX COVID 19 workflow should be performed by qualified and trained personnel 

to avoid risk of erroneous results. 
• Use separate areas for the preparation of reaction mix, patient’s samples, addition of 

controls and amplification to prevent false positive results. 
• Specimen and reagents must be handled under a laminar airflow hood or biological safety 

cabinet. 
• Specimen shall be treated as if infectious and/or biohazardous in accordance with safety 

laboratory procedures. 
• Necessary precautions must be taken when handling specimen. Use personal protective 

equipment (PPE) according to guidelines for the handling of potentially infectious specimen. 
• Use pipette tips with aerosol barriers. Tips must be sterile and free from DNases and RNases. 
• Do not eat, drink, smoke, or apply cosmetic products in the work areas. 
• Do not use the kit beyond its expiration date.  
• Positive results are indicative of the presence of SARS-CoV-2 RNA. 
• Mutation within the target regions of SARS-CoV-2 could affect primer or probe binding 

resulting in failure to detect the presence of virus and leading to a false negative result. This 
applies to all Nucleic Acid Amplification Techniques (NAT).  

• Detection of SARS-CoV-2 RNA may be affected by sample collection methods, patient 
condition (e.g. presence of symptoms), and/or stage of infection. 

• Reliable results require proper sample collection, storage, and handling procedures. 
• This test is intended for the detection of SARS-CoV-2 RNA in nasopharyngeal and 

oropharyngeal swab specimens using flocked or polyester-tipped swabs and placed in 
ESwab Medium, Universal Transport Medium (UTM-RT), Viral Transport Medium (VTM) or 
0,9% NaCl solution. Testing other sample types with ender MAX COVID 19 may cause false 
test results. 

• Other cyclers than the ones listed in chapter “Material Required but not Provided” must be 
validated before the use in combination with ender MAX COVID 19. 

• Samples may not be detected when diluted and tested in pools. SARS-CoV-2 RNA 
concentration is reduced when a positive sample is pooled with negative samples. 

• Discard all used materials in accordance with all local, regional, and national regulations. 
• Consult www.enderdiagnostics.com/manuals/ to download the latest version of these 

instructions for use. 

  

https://enderdiagnostics.com/manuals/
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Reagent Composition 
Kit component Reagent ingredients 

Tube Primer Mix (blue cap) 
Primer mix including primers for SARS-CoV-2 
and the internal control (IC) (non-hazardous) 

Tube Enzyme (green cap) Amplification enzyme (non-hazardous) 

Tube Lysis Buffer (yellow cap) Lysis buffer (non-hazardous) 

Tube Pos Control (red cap) Positive control (non-infectious, non-
hazardous plasmid) 

Material Provided 

Label Cap Color  Components 
ender MAX 
COVID 19 

REF: EM31S 

ender MAX 
COVID 19 

REF: EM31L 

1 Blue cap Primer Mix 1 x 168 μL 10 x 168 μL 

2 Green cap Enzyme 1 x 840 μL 10 x 840 μL 

Lys Yellow cap Lysis Buffer 2 x 1200 μL 20 x 1200 μL 

 
Red cap Pos Control 1 x 145 μL 4 x 145 μL 

Total number of tests: 96 960 

Material Required but not Provided 
• Negative control: H2O of molecular grade 
• 1.5 mL reaction tubes 
• 96-well plates for the lysis step (fitting thermal shaker; > 0.2 mL for foil sealed systems or > 

1.2 mL deep well plates) 
• Plasticware recommended by real-time PCR thermocycler manufacturer (i.e. 96-well plate) 
• Ice or adequate cooling blocks to keep specimen and reagents cold during preparation 
• Vortex 
• 96-well plate thermal shaker 
• Tabletop centrifuge 
• 96-well plate centrifuge 
• Biosafety cabinet class II (BSL 2 cabinet) 
• Adjustable micropipettes and sterile pipet tips 
• Real-time PCR thermocycler programmable to the specifications mentioned in chapter “Real 

Time PCR Cycler Settings” 
o LightCycler 96 (Roche Diagnostics) 
o micPCR Cycler (Bio Molecular Systems) 
o LightCycler 480 (Roche Diagnostics) 
o QuantStudio 5 (ThermoFisher) 
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Reagent Storage and Handling 
• The components of the ender MAX COVID 19 RT-PCR kit must be stored at –25°C to –15°C.  
• Once thawed, Lysis Buffer and Primer Mix can be stored at 2-8°C for up to 7 days. Repeated 

thawing and freezing should be avoided. 
• The expiry date is indicated on label. 

 

Specimen Collection, Transport and Handling 
Oral rinse specimens are collected by performing a 15 second oral rinse with 2.5 mL of a sterile 
sodium chloride solution (0.9% NaCl). Following the rinsing procedure, the solution is collected in 
any empty CE-marked collection tube. Follow the instructions for use provided by the manufacturer 
of the collection device. Individuals are recommended to avoid food, drinks, smoking, chewing gum 
and brushing teeth 30 minutes before specimen collection. 
Nasopharyngeal and oropharyngeal swab specimen are collected using flocked or polyester-tipped 
swabs and placed in ESwab Medium, Universal Transport Medium (UTM-RT), Viral Transport 
Medium (VTM) or sterile sodium chloride solution (0,9% NaCl).  
For the collection of swab specimen refer to: Interim Guidelines for Collecting and Handling of 
Clinical Specimens for COVID-19 testing.  
https://www.cdc.gov/coronavirus/2019-nCoV/lab/guidelines-clinical-specimens.html 
 
Pools of up to 4 samples may be tested using ender MAX COVID 19 test kit. The pool size 
implemented by the laboratory should be based on the required efficiency gains, the positivity rate 
of SARS-CoV-2 in the tested population, and the potential risks of testing in pools. Combining 
multiple specimen types in a pool has not been validated. The reduced sensitivity for the detection 
of SARS-CoV-2 with pooling must be taken into consideration 

• Traceability between individual sample IDs and pool IDs must be ensured.  
• Ensure proper sample handling techniques to reduce the risk of cross-contamination of pools 

and original patient samples. 
 
Transport the collected specimen according to local regulations. The specimen can be transported 
at a temperature not exceeding 35°C and analysis is recommended within 72 hours for oral rinse 
specimen and 24 hours for naso- and oropharyngeal swab specimen. Studies indicate stability of 
SARS-CoV-2 in oral rinse specimen for 14 days at room temperature (18 – 25°C). For long-term 
storage, specimens should be frozen at –20°C or –80°C. 
 
  

https://www.cdc.gov/coronavirus/2019-nCoV/lab/guidelines-clinical-specimens.html
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Assay 
Sample Preparation 
The assay can be performed manually or automated by a liquid handling robot. For high 
throughput we recommend the use of an automated system. 

Preparation of the Lysis Buffer 
For each specimen to be analyzed.  

1. Pipet 25 μL of the Lysis Buffer (tube lys, yellow cap) into each well of a 96-well lysis plate.  
2. Visually inspect the plate to ensure that all wells contain the same volume.  

 Recommendation for Specimen Preparation: It is possible to distribute the Lysis Buffer into 25 μL 
aliquots ahead of the run. Aliquots can be stored in closed reaction tubes or in wells of a plate sealed 
with an adhesive foil or in an airtight box (to avoid contamination and evaporation) for up to 24 hours 
at room temperature (18 – 25°C) or 2-8°C. 
 

Preparation of the Reaction Mix 
Calculate the number of reactions required, including all controls. Add 10% to include a safety margin 
accounting for loss during pipetting.  

1. Thaw enough of each component of the reaction mix prior to use.  
2. Prepare the RT-PCR reaction mix for each reaction including the safety margin. 

Component Volume per reaction 
Primer Mix (blue cap) 1.75 μL 
Enzyme (green cap) 8.75 μL 

 
3. Mix and distribute 10.5 μL of the reaction mix into each reaction well.  
4. It is recommended to immediately proceed to the thermolysis step. The reaction mix can be 

stored up to 2 hours at 2-8°C. 

Thermolysis of the Specimen 
1. Preheat the thermal shaker to 95°C.  

2. Vortex each specimen and transfer 100 μL to the lysis plate containing the 25 μL Lysis Buffer 
prepared as described above (Preparation of the Lysis Buffer).  

3. Seal the lysis plate with a foil (use the recommended plate provider’s suggestion). 

4. Incubate for 3 min at 95°C on a thermal shaker, while shaking at least at 600 rpm.  

5. Centrifuge the plate to collect all liquid at the bottom of the wells. 

6. Immediately place the lysis plate on a cooling block or on ice.  

7. If applicable, carefully remove the sealing foil of the lysis plate containing the thermolyzed 
specimen avoiding contamination of neighboring wells.  

Important: Do not exceed a period of 30 minutes between the end of the thermolysis and the 
transfer to the RT-PCR reaction mix. 
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It is recommended to use deep-well plates >1.2mL for the thermolysis step to prevent cross 
contamination of neighboring wells.  

Preparation of RT-PCR Reaction 
1. Immediately add 14.5 μL of the thermolyzed specimen to wells containing the prepared 

reaction mix.  
2. Negative control: Add 14.5 μL of molecular grade water to the RT-PCR reaction mix.  
3. Positive control: Vortex the tube of the positive control and centrifuge to collect all liquid at 

the bottom of the tube. Add 14.5 μL to the corresponding well of the RT-PCR reaction mix.  
4. Seal the RT-PCR reaction mix plate tightly with a foil (use the recommended plate provider’s 

suggestions). 
5. Centrifuge the plate to collect all liquid at the bottom of the wells. 
6. Transfer the RT-PCR reaction mix plate to the PCR device and start the amplification 

(settings as described in the chapter Real Time PCR Cycler Settings). 
 
 

Real-Time PCR Cycler Settings 
Fluorescence Detection 
The ender MAX COVID 19 real time RT-PCR assay uses two different detection channels: 
  

• FAM for SARS-CoV-2-specific amplification  

• VIC for the internal control-specific amplification 

 

QuantStudio 5  
The analysis is performed according to the following thermal profile: 
 

Function Cycles Temperature Time Acquisition Ramp rate 
Reverse Transcription 1 50°C 3 min - 3.95°C/s 

Activation of DNA 
polymerase 

1 
95°C 1 min 

- 
3.95°C/s 

Inactivation of reverse 
transcriptase 

1 - 

Amplification 
Denaturation 

45 
95°C 1 s  3.95°C/s 

Elongation 56°C 7 s FAM, VIC 3.03°C/s 
 
A template for assay setup and analysis can be provided upon request.  

1. Once the plate is prepared, sealed, and centrifuged, load it into the QS5 thermal cycler and 
click “Start Run”. 

2. When the run is finished, the instrument will display a prompt to save the data file. Select 
the desired location, whether on a USB stick, cloud, etc. 
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LightCycler 96 and LightCycler 480 
The analysis is performed according to the following thermal profile: 
 

Function Cycles Temperature Time Acquisition Ramp rate 
Reverse Transcription 1 50°C 3 min - 4.4°C/s 

Activation of DNA 
polymerase 

1 
95°C 1 min 

- 
4.4°C/s 

Inactivation of reverse 
transcriptase 

1 - 

Amplification 
Denaturation 

45 
95°C 1 s  4.4°C/s 

Elongation 56°C 5 s FAM, VIC 2.2°C/s 
 

A template for assay setup and analysis can be provided upon request.  
1. Once the plate is prepared, sealed, and centrifuged, load it into the LC96/LC480 thermal 

cycler and click “Start”.  
2. For the LC480 instrument we recommend to include a 5 min incubation step in the cycler 

prior to the start of the program. 
3. When the run is finished, save the data file to the desired location, whether on a USB stick, 

cloud, etc. 
 

micPCR  
The analysis is performed according to the following thermal profile: 
 

Function Cycles Temperature Time Acquisition 
Reverse Transcription 1 50°C 3 min - 

Activation of DNA 
polymerase 

1 
95°C 1 min 

- 

Inactivation of reverse 
transcriptase 

1 - 

Amplification 
Denaturation 

45 
95°C 1 s  

Elongation 56°C 5 s 
Green and 

Yellow 
 
A template for assay setup and analysis can be provided upon request.  

1. Once the 4-tube strips are capped, load it into the micPCR thermal cycler and click “Start”. 
2. When the run is finished, save the data file to the desired location, whether on a USB stick, 

cloud, etc. 
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Control Procedure 
The positive control is used to ensure correct reaction mix preparation and provide an example of the 
positive amplification curve for each target. Amplification signals must be observed in the FAM and 
VIC channels within the Ct ranges provided in the table below.  
 
The negative control (H2O), used as a contamination control, must show no amplification in the FAM 
VIC channels. It provides an example of a negative amplification curve for each target and the 
expected background noise. 
 

Sample or Control Target Channel Max Ct Min Ct 

Positive Control 
SARS-CoV-2 FAM 36 30 

IC VIC 42 No Ct 

Negative Control 
SARS-CoV-2 FAM No Ct No Ct 

IC VIC No Ct No Ct 

Clinical samples 
SARS-CoV-2 FAM 45 15 

IC VIC 45 20 
 
If the results of the controls are not as expected, the following steps are recommended. 
 

  Case Recommendations and Next Steps 
No amplification of the positive 
control in the FAM or VIC 
channel 

A lack of amplification of the positive control in the FAM or VIC 
channel may be due to mishandling or omission of the positive 
control itself.  
It is recommended to mix the positive control thoroughly 
before use. If possible, repeat the measurement using a new 
tube of the Primer Mix and Enzyme. Ensure that fluorescence 
acquisition in the FAM and VIC channels is selected. 
 

Negative control (H2O) shows 
amplification 

This might indicate mishandling, or a contamination of the 
reagents, H2O or equipment used.  
The results obtained are compromised and the test must be 
repeated. It is recommended to perform a test run with 
positive and negative controls only to ensure that all reagents, 
material, and equipment are free of contamination.  
Once ensured that all the contamination sources are cleared, 
the samples can be re-tested. 
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Interpretation of Results 
 

FAM VIC Status Result Next Steps 
no amp Ct < 45 valid negative Report result 
Ct < 45 Ct < 45 valid SARS-CoV-2 detected Report result 
Ct < 30 no amp valid SARS-CoV-2 detected Report result 

Ct ≥ 30 or 
no amp 

no amp invalid No Result 

The specimen has inhibited the 
reaction. Repeat the assay if no 
valid result is obtained request a 
new specimen. If the repetition is 
invalid, report the specimen as 
invalid. 

 

Amplification Curve Analysis 
A template for assay setup and analysis can be provided upon request.  
Representative amplification curves on the different real time PCR cyclers are shown below. 
 

QuantStudio 5 
 

 
SARS-CoV-2 amplification curve in a positive oral rinse specimen (light purple), negative specimen 
(green), positive control (blue) and negative control (brown). 
 

 
RNaseP curves in a SARS-CoV-2 positive oral rinse specimen (purple), negative specimen 
(turquoise), positive control (blue) and negative control (red). 
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LightCycler 96  
 

 
SARS-CoV-2 amplification curves in a SARS-CoV-2 positive oral rinse specimen (brown), negative 
specimen (flat brown), positive control (green) and negative control (pink). 

 
RNaseP amplification curves in a SARS-positive and negative oral rinse specimen (brown), the 
positive control (green) and negative control (pink). 
 

LightCycler 480  
 

 
 
SARS-CoV-2 amplification curves in a SARS-CoV-2 positive oral rinse specimen (37,0), negative 
specimen (flat), positive control (34,7) and negative control (flat). 
 

 
 
RNaseP amplification curves in a SARS-CoV-2 positive oral rinse specimen (ct 27,0), negative 
specimen (ct 27,0), the positive control (ct 29,7) and negative control (flat). 
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micPCR  
 

 
SARS-CoV-2 amplification curves in a SARS-CoV-2 positive oral rinse specimen (dark red), negative 
specimen (brown), positive control (rose) and negative control (grey). 
 

 
RNaseP amplification curves in a SARS-CoV-2 positive oral rinse specimen (dark red), negative 
specimen (brown), the positive control (rose) and negative control (grey). 
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Performances  
Analytical Performance 
Analytical Sensitivity 
The analytical sensitivity or limit of detection (LoD) is the ability of the ender MAX COVID 19 assay 
to detect the lowest concentration of SARS-CoV-2 RNA at least 95% of the time (at least 23 out of 
24 replicates). It was determined by testing a dilution series of WHO International Standard SARS-
CoV-2 (NIBSC code 20/146). Results are expressed in International Units (IU) per mL of the sample.  
 
Limit of detection in oral rinse samples 
 

LightCycler 480  
IU / mL 10’000 5000 1000 500 100 10 
Positive Results 5/5 24/24 1/5 1/5 1/5 0/5 
LoD: 5000 IU / mL 

 
LightCycler 96  
IU / mL 5000 
Positive Results 23/24 
LoD: 5000 IU / mL 

 
micPCR  
IU / mL 5000 
Positive Results 24/24 
LoD: 5000 IU / mL 

 
QuantStudio 5   
IU / mL 5000 
Positive Results 24/24 
LoD: 5000 IU / mL 

 
Limit of detection in NPS samples (ESwab Medium) 
 

LightCycler 480  
IU / mL 20’000 15000 10’000 5000 1000 500 100 
Positive Results 24/24 16/24 5/5 4/24 0/5 1/5 0/5 
LoD: 20000 IU / mL 
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Matrix equivalency study 

Equivalency between the four different NPS transport media (ESwab Medium, UTM-RT, VTM and 
0.9% NaCl) was tested by confirming the LoD obtained for ESwab Medium (see above). 
Discrepancies between the different media were observed, therefore the LoD for each type of 
transport media (ESwab Medium, UTM-RT, VTM and 0.9% NaCl) is reported below. 
  

ESwab Medium Cycler 
QuantStudio 5 LightCycler 480 LightCycler 96 micPCR 

IU / mL 5’000 20’000 15’000 5’000 
Positive Results 23/24 24/24 24/24 23/24 
  LoD: 5000 IU / 

mL 
 LoD: 20000 IU / 
mL 

 LoD: 15000 IU / 
mL 

 LoD: 5000 IU / 
mL 

 
UTM-RT Cycler 

QuantStudio 5 LightCycler 480 LightCycler 96 micPCR 
IU / mL 5’000 15’000 15’000 5’000 
Positive Results 24/24 24/24 24/24 24/24 
  LoD: 5000 IU / 

mL 
 LoD: 15000 IU / 
mL 

 LoD: 15000 IU / 
mL 

 LoD: 5000 IU / 
mL 

 
VTM Cycler 

QuantStudio 5 LightCycler 480 LightCycler 96 micPCR 
IU / mL 9’000 20’000 20’000 9’000 
Positive Results 23/24 24/24 24/24 24/24 
  LoD: 9000 IU / 

mL 
 LoD: 20000 IU / 
mL 

 LoD: 20000 IU / 
mL 

 LoD: 9000 IU / 
mL 

 
0.9% NaCl Cycler 

QuantStudio 5 LightCycler 480 LightCycler 96 micPCR 
IU / mL 5’000 9’000 5’000 5’000 
Positive Results 24/24 24/24 24/24 24/24 
  LoD: 5000 IU / 

mL 
 LoD: 9000 IU / 
mL 

 LoD: 5000 IU / 
mL 

 LoD: 5000 IU / 
mL 

  



 

IFU ender MAX COVID 19; V02; 15.11.2022  18 / 32 

Inclusivity 
In silico analysis:  

The inclusivity of ender MAX COVID-19 assay was evaluated in silico using the PrimerChecker tool of 
the Global Initiative on Sharing Avian Influenza Data (GISAID) data base for four gene targets: N, E, 
ORF1a and ORF1b. Using the PrimerChecker tool, the primer and probe sequences were BLASTed 
against high-quality sequences (<1% Ns and <0.05% unique non-synonymous mutations) within the 
database. All sequences submitted within the last 3 months were considered (N=380’320). 
 
 No. of sequences with mismatches No. of sequences with mismatches at 

3’ end* 
N gene 3503 (1%) 403 (0.1%) 
E gene 646 (0.2%) 98 (<0.1%) 
ORF1a gene 2137 (0.6%) 706 (0.2%) 
ORF1b gene 693 (0.2%) 62 (<0.1%) 

 
The analysis demonstrated that the regions recognized by the ender MAX COVID 19 primers and 
probes have ≥99% homology with all available SARS-CoV-2 sequences.  
 
Wet-lab testing: 

To test the ability of the assay to detect all five SARS-CoV-2 variants of concern, one strain of each 
of the variants (alpha, beta, gamma, delta, and omicron) was tested first at 0.1 TCID50/mL. Strains 
which amplified in less than 5/5 wells were then tested at a higher concentration of 1 TCID50/mL.  
Measurement of five replicates were performed in OR samples.  
The table below summarizes the results of obtained for each strain and the concentration tested. 
 

Organisms Origin 
Number detected 
/ number tested 
(0.1 TCID50/mL) 

Number detected 
/ number tested 
(1 TCID50/mL) 

SARS-CoV-2 alpha 
variant 

England/204820464/2020 4/5 4/5 

SARS-CoV-2 beta 
variant 

South Africa/KRISP-
K005325/2020 

4/5 5/5 

SARS-CoV-2 gamma 
variant 

Japan/TY7-503/2021 5/5 ND 

SARS-CoV-2 delta 
variant 

USA/PHC658/2021 1/5 5/5 

SARS-CoV-2 omicron 
variant 

hCoV-19/USA/MD-
HP20874/2021 

5/5 ND 
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Analytical Specificity 
 
Cross Reactivity 
In silico analysis: 

Potential cross-reactivity of the following microorganisms was evaluated in silico: The NCBI BLAST 
tool was used to check for cross-reactivity of the different primers and probes of the SARS-CoV-2 
assay against the non-redundant nucleotide database. BLAST tool search default parameters (95% 
homology criteria) were used except for the «organism». The search was limited to using the 
taxonomy ID (taxid) of the respective microorganism. Each primer and probe was compared against 
all available genome sequences of a certain taxid. Based on this analysis, all organisms, besides 
SARS-coronavirus, are highly unlikely to cross-react with the ender MAX Covid 19 assay. Some 
SARS-like viruses isolated from animals showed high sequence homology to the primer and probes 
sequences. However, it is very unlikely that these strains will be found in human clinical isolates 
 

Organism name Taxonomy ID  
% of 

identity 
N gene 

% of 
identity 
E gene 

% of 
identity 
ORF1a 

% of 
identity 
ORF1b 

Adenovirus Type 1 10533 <80% <80% <80% <80% 

Enterovirus D 12059 <80% <80% <80% <80% 

Human Metapneumovirus 
(hMPV) 

162145 <80% <80% <80% <80% 

Influenza A H1N1 504904 <80% <80% <80% <80% 

Influenza B Victoria 1987257 <80% <80% <80% <80% 

Parainfluenza virus 1 188538 <80% <80% <80% <80% 

Parainfluenza virus 2 11214 <80% <80% <80% <80% 

Parainfluenza virus 3 11217 <80% <80% <80% <80% 

Parainfluenza virus 4A 11224 <80% <80% <80% <80% 

Respiratory syncytial virus -
Type A 

1439707 <80% <80% <80% <80% 

Rhinovirus 147711 <80% <80% <80% <80% 

Herpes Simplex Virus Type 1 
(HSV-1) 

10298 <80% <80% <80% <80% 

Epstein-Barr Virus (EBV) 10376 <80% <80% <80% <80% 

Cytomegalovirus (CMV) 10358 <80% <80% <80% <80% 

Human coronavirus 229E 11137 <80% <80% <80% <80% 

Human coronavirus OC43 31631 <80% <80% <80% <80% 

Human coronavirus HKU1 290028 <80% <80% <80% <80% 

Human coronavirus NL63 277944 <80% <80% <80% <80% 

SARS-coronavirus 694009 >90% >90% >90% >90% 

MERS-coronavirus 1335626 <80% <80% <80% <80% 

Influenza A H1N1pdm 641501 <80% <80% <80% <80% 

Influenza A H3N2 393902 <80% <80% <80% <80% 
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Organism name Taxonomy ID  
% of 

identity 
N gene 

% of 
identity 
E gene 

% of 
identity 
ORF1a 

% of 
identity 
ORF1b 

Influenza A H5N1 370810 <80% <80% <80% <80% 

Influenza A H7N9 138607 <80% <80% <80% <80% 

Influenza B Yamagata 461739 <80% <80% <80% <80% 

Respiratory Syncytial Virus 
Type B (RSV-B) 

208895 <80% <80% <80% <80% 

Parainfluenza Virus Type 4b 11226 <80% <80% <80% <80% 

Rhinovirus B14 12131 <80% <80% <80% <80% 

Rhinovirus C 463676 <80% <80% <80% <80% 

Adenovirus type 2 10515 <80% <80% <80% <80% 

Adenovirus type 3 260047 <80% <80% <80% <80% 

Adenovirus type 4 1643781 <80% <80% <80% <80% 

Adenovirus type 5 28285 <80% <80% <80% <80% 

Adenovirus type 7A 85755 <80% <80% <80% <80% 

Adenovirus type 55 714978 <80% <80% <80% <80% 

Enterovirus A 39054 <80% <80% <80% <80% 

Enterovirus B 1442164 <80% <80% <80% <80% 

Enterovirus C 138950 <80% <80% <80% <80% 

Rotavirus 10962 <80% <80% <80% <80% 

Norovirus Group 1 122928 <80% <80% <80% <80% 

Measles virus 351680 <80% <80% <80% <80% 

Mumps virus 2560602 <80% <80% <80% <80% 

Bordetella pertussis 520 <80% <80% <80% <80% 

Chlamydophila pneumoniae 83558 <80% <80% <80% <80% 

Haemophilus influenzae 727 <80% <80% <80% <80% 

Legionella pneumophila 446 <80% <80% <80% <80% 

Mycobacterium tuberculosis 1773 <80% <80% <80% <80% 

Mycoplasma pneumoniae 2104 <80% <80% <80% <80% 

Pseudomonas aeruginosa 287 <80% <80% <80% <80% 

Staphylococcus epidermidis 1282 <80% <80% <80% <80% 

Staphylococcus aureus 1280 <80% <80% <80% <80% 

Streptococcus pneumoniae 1313 <80% <80% <80% <80% 

Streptococcus pyogenes 1314 <80% <80% <80% <80% 

Streptococcus salivarius 1304 <80% <80% <80% <80% 

Bacteroides oralis 28134 <80% <80% <80% <80% 

Eikenella corrodens 539 <80% <80% <80% <80% 

Lactobacillus acidophilus 1579 <80% <80% <80% <80% 
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Organism name Taxonomy ID  
% of 

identity 
N gene 

% of 
identity 
E gene 

% of 
identity 
ORF1a 

% of 
identity 
ORF1b 

Moraxella catarrhalis 480 <80% <80% <80% <80% 

Neisseria mucosa 488 <80% <80% <80% <80% 

Nocardia asteroids 1824 <80% <80% <80% <80% 

Porphyromonas gingivalis 837 <80% <80% <80% <80% 

Streptococcus mitis 28037 <80% <80% <80% <80% 

Streptococcus mutans 1309 <80% <80% <80% <80% 

Klebsiella pneumoniae 573 <80% <80% <80% <80% 

Candida albicans 5476 <80% <80% <80% <80% 

Pneumocystis jirovecii 42068 <80% <80% <80% <80% 

Candida glabrata 5478 <80% <80% <80% <80% 

Aspergillus fumigatus 746128 <80% <80% <80% <80% 

Cryptococcus neoformans 5207 <80% <80% <80% <80% 

 

Wet-lab testing 

Functional testing was performed using the following microorganisms. The microorganisms were 
spiked into negative oral rinse specimen at 10%. Each organism was tested in triplicates. No cross-
reactivity with the microorganisms tested was observed for SARS-CoV-2 virus. The table below 
shows cross-reactivity testing results. 
 

Organisms 
Equivalent 

concentration 
tested 

Number 
detected / 

number 
tested 

Adenovirus Type C1 4.17x10^5 TCID50/ml 0/3 

Enterovirus Type 68 1.05x10^6 TCID50/ml 0/3 

Human Metapneumovirus (hMPV) B1 5.01x10^5 TCID50/ml 0/3 

Influenza A H1N1 (Brisbane/59/07) 3.55x10^5 TCID50/ml 0/3 

Influenza B Victoria (Colorado/6/17) 1.7x10^5 TCID50/ml 0/3 

Parainfluenza virus 1 4.17x10^5 TCID50/ml 0/3 

Parainfluenza virus 2 1.51x10^6 TCID50/ml 0/3 

Parainfluenza virus 3 1.26x10^6 TCID50/ml 0/3 

Parainfluenza virus 4A 3.55x10^5 TCID50/ml 0/3 

Respiratory syncytial virus -Type A 1.05x10^6 TCID50/ml 0/3 

Rhinovirus (Type 1A) 4.17x10^5 TCID50/ml 0/3 

Herpes Simplex Virus Type 1 (HSV-1) 1x10^7.53 U/ml 0/3 

Epstein-Barr Virus (EBV) 2.8x10^8 cp/ml 0/3 

Cytomegalovirus (CMV) 4.17x10^5 TCID50/ml 0/3 
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Organisms 
Equivalent 

concentration 
tested 

Number 
detected / 

number 
tested 

Human coronavirus 229E 1.26x10^6 TCID50/ml 0/3 

Human coronavirus OC43 1.7x10^5 TCID50/ml 0/3 

Human coronavirus NL63 1.41x10^5 TCID50/ml 0/3 

MERS-coronavirus 4.17x10^4 TCID50/ml 0/3 

Influenza A H1N1pdm California 
(07/2009) 

1.86x10^4TCID50/ml 0/3 

influenza A H3N2 
Switzerland/9715293/13 

1.26 x 10^6 
TCID50/ml 

0/3 

Influenza B Florida/04/2006 
(Yamagata) 

1.41x10^5 TCID50/ml 0/3 

Respiratory Syncytial Virus Type B 
(RSV-B) 

1.55x10^4 TCID50/ml 0/3 

Parainfluenza Virus Type 4b 3.8x10^6 TCID50/ml 0/3 

Rhinovirus B14 1.26x10^6 TCID50/ml 0/3 

Adenovirus type 3 4.17x10^5 TCID50/ml 0/3 

Adenovirus type 4 1.41x10^5 TCID50/ml 0/3 

Adenovirus type 5 4.07x10^7 TCID50/ml 0/3 

Adenovirus type 7A 1.05x10^6 TCID50/ml 0/3 

Enterovirus A71 4.17x10^5 TCID50/ml 0/3 

Enterovirus B111 4.57x10^6 TCID50/ml 0/3 

Rotavirus strain WA 1.15x10^7 U/ml 0/3 

Norovirus Group 1 (Recombinant) 1.02x10^8 U/ml 0/3 

Measles virus 4.57x10^6 TCID50/ml 0/3 

Mumps virus 1.15x10^7 U/ml 0/3 

Bordetella pertussis 5.41x10^9 CFU/ml 0/3 

Chlamydophila pneumoniae 1.7x10^8 CFU/ml 0/3 

Haemophilus influenzae 6.97x10^8 CFU/ml 0/3 

Legionella pneumophila 3.68x10^10 CFU/ml 0/3 

Mycobacterium tuberculosis 2.3x10^8 CFU/ml 0/3 

Mycoplasma pneumoniae 2.7x10^8 CFU/ml 0/3 

Pseudomonas aeruginosa 6.63x10^9 CFU/ml 0/3 

Staphylococcus epidermidis 6.07x10^9 CFU/ml 0/3 

Staphylococcus aureus 2.51x10^9 CFU/ml 0/3 

Streptococcus pneumoniae 1.34x10^9 CFU/ml 0/3 

Streptococcus pyogenes 2.39x10^9 CFU/ml 0/3 

Streptococcus salivarius 4.76x10^8 CFU/ml 0/3 
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Organisms 
Equivalent 

concentration 
tested 

Number 
detected / 

number 
tested 

Eikenella corrodens 3.87x10^9 CFU/ml 0/3 

Lactobacillus acidophilus 5.55x10^7 CFU/ml 0/3 

Moraxella catarrhalis 3.28x10^7 CFU/ml 0/3 

Neisseria mucosa 1.19x10^10 CFU/ml 0/3 

Nocardia asteroids 1.6 x 10^7 CFU/ml 0/3 

Streptococcus mitis 1.68x10^9 CFU/ml 0/3 

Streptococcus mutans 9.35x10^9 CFU/ml 0/3 

Klebsiella pneumoniae 9.84x10^9 CFU/ml 0/3 

Candida albicans 4.76x10^8 CFU/ml 0/3 

Pneumocystis jirovecii (PJP)-S. 
cerevisiae Recombinant 

6.34x10^8 CFU/ml 0/3 

Candida glabrata 3.98x10^8 CFU/ml 0/3 

Aspergillus fumigatus 3.67x10^8 CFU/ml 0/3 

Cryptococcus neoformans 4.95x10^8 CFU/ml 0/3 

 
Interferences 
Potentially interfering substances that may be encountered in respiratory specimen were evaluated 
by testing SARS-CoV-2 spiked into negative specimen matrix (specimen type according to table 
below) at a target concentration of 3X LoD, as well as non-spiked negative specimen. No interference 
resulting in a false-negative or false-positive was observed. 
 

Specimen 
type 

Substance 
Concentration 

tested [v/v] 

Interference by 
SARS-CoV-2 

detection 

Interference by 
IC Detection 

OR Mouthwash 5% none none 

OR 
Mucin: bovine 
submaxillary gland, type 
I-S; 2.5 mg/mL 

5% none none 

OR Blood 5% none none 

OR 
Human genomic DNA; 0.2 
mg/mL 

5% none none 

OR Amoxicillin; 80 mg/mL 5% none none 

OR 
Acyclovir; 50 mg/g 
Clavulanic acid; 57 mg/mL 

5% none none 

OR Benzocaine; 240 mg/g 5% none none 

OR 
Dextromethorphan; 20.8 
mg/mL 

5% none none 

OR Acetylcystein; 20mg/mL 1% none none 
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Specimen 
type 

Substance 
Concentration 

tested [v/v] 

Interference by 
SARS-CoV-2 

detection 

Interference by 
IC Detection 

Chlorpheniramin; 0.4 
mg/mL 

OR 
Guaifenesin; 100 mg/mL 
Codeine; 10 mg/mL 

5% none none 

OR Morclofon; 10mg/ml 5% none none 

OR 
Lidocaine; 45 ug/Dose 
Chlorhexidin; 180 
µg/Dose 

5% none none 

OR 
Benzydamine 
hydrochloride; 1.5 mg/mL 

5% none none 

OR 
Diphenhydramine; 60 
mg/mL 

5% none none 

OR 
Doxylamine succinate; 
14.35 mg/ml 

1% none none 

OR 
Butamirate 
dihydrogencitrate; 22.5 
mg/ml 

5% none none 

OR 
Phenylephrin; 40 mg/L 
Pheniramin; 8 mg/L 
Paracetamol; 2 g/L 

1% none none 

OR 
Acetylsalicylic acid; 0.2 
g/ml 

1% none none 

OR Salbutamol; 100 ug/Dose 5% none none 
NPS Mupirocin; 20 mg/g 1% none none 
NPS Xylometazolin; 1 mg/mL 5% none none 
NPS Fluticasone; 27.5 µg/Dose 5% none none 
NPS Homeopathic nasal spray 5% none none 
NPS Budesonide; 64 µg/Dose 1% none none 
NPS Sodium chloride; 2.3 % 5% none none 

NPS 
Beclomethasone; 50 
µg/Dose 

5% none none 

NPS Dexamethasone; 1 mg/mL 5% none none 

NPS 
Oils (peppermint 2 mg/g, 
Camphor 4 mg/g) 

1% none none 

NPS 
Triamcinolone; 55 
µg/Dose 

5% none none 

NPS Dexpanthenol; 50 mg/g 5% none none 
NPS Mometasone; 50 µg/Dose 1% none none 
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Potentially interfering substances were evaluated by oral intake or contact 5 min prior to OR 
sample collection. Results are shown in the table below. 

 

Substance 
Interference 

by SARS-CoV-
2 detection 

Interference 
by IC 

detection 
Herbal drop  none none 
Mint drop  none none 
Menthol cough drop  none none 
Nicotine none none 
Chewing gum containing menthol none none 
Soft drink none none 
Lipstick none none 
Toothpaste yes yes 
Honey none none 
Salty food none none 
Fatty food none none 
Chocolate yes yes 
Sour drink (vitamin C drink) yes yes 
Tobacco (Snus) none none 
Alcohol (Beer) none none 
Caffeine None none 

  



 

IFU ender MAX COVID 19; V02; 15.11.2022  26 / 32 

Precision Study 
Reproducibility 

Reproducibility was evaluated on 3 samples (positive, weak positive and negative): 1 site, 3 batches, 
3 operators, 3 consecutive days, and 3 runs/day using four different cyclers LC480, LC96, QS5 and 
micPCR. 
 

Samples 
Number of 

positives/Number 
tested 

PPA (CI) NPA (CI) OPA (CI) 

Positive 
 (Ct 20) 

27/27 
100.0% 

(93.4% – 100.0%) 
100.0% 

(87.5% – 100.0%) 

100.0% 
(95.5% – 
100.0%) 

Low positive 
(Ct 37) 

27/27 

Negative 0/27 
 
Repeatability 

The repeatability of the test was performed by one operator performing a single test on a single 96-
well plate with the same measurement procedure under the same operating conditions. 
 

Samples  
Number of 

positives/Number 
tested 

PPA (CI) NPA (CI) OPA (CI) 

Positive 30/30 
96.7%  

(88.6% – 99.1%) 
100.0%  

(88.6% – 100.0%) 
97.8% 

(92.3% - 99.4%) 
Low 
Positive 

28/30 

Negative 0/30 
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Clinical Performance 
Clinical performances (Diagnostic sensitivity and specificity) of ender MAX COVID 19 have been 
evaluated versus device(s) bearing CE marking.  
 

Oral Rinse Specimen 
 

 QS5 LC480 mic LC96 

Statistic Value 95% CI Value 95% CI Value 95% CI Value 95% CI 

Sensitivity 96.2% 
90.6% - 
98.5% 

97.1% 
85.1% - 
99,5% 

94.1% 
80.9% - 
98.4% 

91.2% 
77.0% - 
97.0% 

Specificity 99.2% 
98.1% - 
99.7% 

100.0% 
97.0% - 
100.0% 

100.0% 
97.0% - 
100.0% 

100.0% 
97.0% - 
100.0% 

NPV 99.2% 
98.1% - 
99.7% 

99.2% 
95.6% - 
99.9% 

98.4% 
94.3% - 
99.6% 

97.7% 
93.4% - 
99.2% 

PPV 96.2% 
90.6% - 
98.5% 

100.0% 
89.6% - 
100.0% 

100.0% 
89.3% - 

100% 
100.0% 

89.0% - 
100% 

 

Nasopharyngeal Swab Specimen 
Diagnostic sensitivity and specificity of ender MAX COVID 19 against predicate. 
 

 QS5 

Statistic Value 95% CI 

Sensitivity 93.0% 81.39% - 97.6% 

Specificity 99.2% 95.71% - 99.9% 

NPV 97.7% 93.43% - 99.2% 

PPV 97.6% 87.4% - 99.6% 

 

Other cyclers must be validated before the use in combination with ender MAX COVID 19. 
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Pooled Specimen Analysis 
ender MAX COVID 19 was validated in 20 pools each containing 4 oral rinse specimens. A range of 
confirmed RT-PCR positive specimen between Ct 11.5 and 34 was mixed with 3 RT-PCR-confirmed 
negative specimen and subsequently analyzed. All pools containing a positive specimen but 3 (Ct 
31.6, 34 and an invalid) were detected positive by ender MAX COVID 19. 
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Limitations 

• False negative or invalid results may occur due to interference. Interferences were observed 
in samples collected from people who brushed their teeth, ate chocolate, or drank sour 
beverages (vitamin C drink) 5 minutes prior the oral rinse sample collection.  

• The Internal Control is included in ender MAX COVID 19 to help identify specimen containing 
substances that may interfere with PCR amplification.  

• For the LightCycler 480 (Roche Diagnostics) instrument we recommend to include a 5 
minutes incubation step in the cycler prior to the start of the program. This incubation step 
improves the quality of result calling and therefore performances of ender MAX COVID 19. 
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In case of technical problems assistance contact information can be found on ender diagnostics ag 
website: www.enderdiagnostics.com 

 

Name and Address of Manufacturer  
ender diagnostics ag, Freiburgstrasse 251, 3018 Bern, Switzerland 

 
 
 

 
Obelis s.a., Bd Général Wahis, 53, B-1030 Brussels, Belgium / Tel: +3227325954 

  

https://enderdiagnostics.com/
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Glossary of Symbols 
The following symbols may be used for labelling purpose: 

 

 
In vitro diagnostic medical 

device  CE Mark 

 Batch code  Catalogue number 

 
Number of tests/Contains 

sufficient for <n > tests  
Temperature limit 

 Manufacturer  Use by date (Expiry date) YYYY-MM 

 Consult instructions for use 
 

Positive control 

 
Authorized representative in 

the European Community 
  

 
 

Revision History  
Version Revision Date Description of Revision 
V01 25.05.2022 First edition 

V02 15.11.2022 

Precision that room temperature means 18 – 25°C 
Removal of the word room prior to temperature as it is not 
applicable 
Precision in the chapter clinical validation for the pooled 
samples, that the pools are made of 4  
Correction in chapter “limitations” of the cycler LC 480 
instead of LC 96 
In chapter “Glossary of symbols addition of the n between 
<   n >. 
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