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1 INTENDED USE AND INTENDED USER 

The GenomEra® HSV-1/2, VZV + EV Assay Kit, performed on the GenomEra CDX system, is an in vitro diagnostic (IVD) multiplex real-

time reverse transcriptase polymerase chain reaction (rRT-PCR) assay intended for the qualitative detection and differentiation of viral 

DNA of herpes simplex viruses 1 and 2 (HSV-1 and HSV-2) and varicella-zoster virus (VZV), and viral RNA of enterovirus (EV). The 

GenomEra HSV-1/2, VZV + EV Assay Kit uses cerebrospinal fluid (CSF) or lesion swab specimens (in viral transport medium) from patients 

with signs and symptoms of central nervous system (CNS) infection or cutaneous/mucocutaneous lesions, respectively. The use of CSF 

specimens is validated for HSV-1, HSV-2, VZV and EV. The use of lesion swab specimens is validated for HSV-1 and HSV-2, but not for 

VZV and EV. The GenomEra HSV-1/2, VZV + EV Assay Kit is intended to aid in the differential diagnosis of HSV-1, HSV-2, VZV, and EV 

infections in humans when used in conjunction with clinical evaluation, laboratory findings, and epidemiological information. 

Positive results indicate the presence of viral nucleic acid(s) in the sample. Positive results do not rule out other causes of infections, 

including bacteria, mycobacteria, other viruses, and fungi. The agent detected may not be the definite cause of disease. Clinical correlation 

with patient history and other diagnostic information is necessary to determine patient infection status. Positive results do not rule out 

(co-)infections from bacteria or other viruses. Negative results do not exclude the possibility of infection and should not be used as the 

sole basis for treatment or other patient management decisions. Negative results must be combined with clinical observations, patient 

history, and epidemiological information. 

The intended place of use is a clinical laboratory or healthcare unit not necessarily having a specialist in molecular biology but rather 

personnel who routinely perform assays and analyses in the field of e.g., microbiology, virology, or clinical diagnostics. The Product is for 

professional use, i.e., to be used in a laboratory environment by trained laboratory personnel, e.g., laboratory technicians, or personnel 

qualified by training, accustomed to normal laboratory methods such as pipetting, vortex mixing, and centrifuging. The assay results should 

be interpreted by a competent health care professional in conjunction with the patient’s medical history, clinical signs and symptoms, and 

the results of other diagnostic tests. 

2 SUMMARY AND EXPLANATION 

The members of herpesviridae family are categorized into three genera; alpha (α), beta (β), and gamma (γ) herpesviruses.1 Although there 

are hundreds of herpesviruses that infect nearly all animals, only eight infect humans. HSV-1, HSV-2 and VZV are all members of the α-

herpesviruses. Their genomes consist of linear, double-stranded DNA and infections are typically lifelong.1 HSV-1 is mainly transmitted by 

oral-to-oral contact to cause infection in or around the mouth (oral herpes). HSV-2 is almost exclusively sexually transmitted, causing 

infection in the genital or anal area (genital herpes). However, HSV-1 can also be transmitted to the genital area through oral-genital 

contact to cause genital herpes. Both oral herpes infections and genital herpes infections are mostly asymptomatic but can cause mild 

symptoms or painful blisters or ulcers at the site of infection.2 More severe diseases caused by HSV-1 and HSV-2 include meningitis, 

encephalitis, neonatal herpes, corneal blindness, and herpetic whitlow. Meningitis and encephalitis share similar symptoms including 

headache, fever, confusion, neck stiffness, and vomiting.3 According to global estimates by WHO, 3.7 billion people <50 years of age had 

HSV-1 infection, and 491 million people aged 15−49 were living with HSV-2 infection in 2016.2 

Human herpesvirus 3 (HHV-3), often called varicella zoster virus (VZV) is an acute and highly contagious pathogen which causes 

chickenpox (varicella), a disease most commonly affecting children, teens, and young adults. A total of 5.5 million varicella cases have 

been estimated to occur annually across Europe, and 3–3.9 million patients would consult a primary care physician.4 The first symptoms 

of clinical varicella generally appear after a 10–21-day incubation period and include fever, malaise, and the characteristic itchy rash. 

Varicella is generally self-limiting, and vesicles gradually develop crusts, which disappear over a period of 7-10 days. Individuals remain 

contagious until all lesions have crusted over. The disease is typically mild, but severe complications may arise, including bacterial 

infections (e.g., cellulitis, pneumonia) and neurological complications (e.g., encephalitis), and these can be fatal.5 After the primary infection 

(chickenpox), the virus goes dormant in the nerve cells and can later reactivate to cause a secondary infection – herpes zoster, commonly 

referred to as shingles. This generally occurs in adults aged >50 years or in immunocompromised people and is associated with a painful 

rash that may result in permanent nerve damage. Secondary varicella infection may also induce various neurologic conditions.6 Vaccines 

for varicella zoster are available which can be used to prevent chickenpox and herpes zoster. 

Enteroviruses (EV) are members of the Enterovirus genus of the family Picornaviridae. The EV genome consists of single positive-strand 

linear RNA. The EVs infecting humans are classified into four species; A–D. Human EVs are the most important cause of viral meningitis, 

accounting for approximately 90% of all cases for which an etiological agent was identified. EVs also account for various other infectious 

illnesses, e.g., rashes in small children, summer cold, encephalitis, conjunctivitis, pericarditis, polio, and hand, foot and mouth disease 

(HFMD). Still, most of the people infected with EVs will either have no symptoms or have non-specific symptoms, such as sudden fever. 

Enteroviral meningitis usually self-resolves within 7−10 days. EV infections form a seasonal pattern, and the incidence is the highest in 

the summer and autumn. For example, in the United States, EVs cause about 10 to 15 million infections and tens of thousands of 

hospitalizations every year.7,8,9,10  

3 PRINCIPLE OF THE PROCEDURE 

GenomEra CDX is a molecular diagnostics analyzer consisting of an integrated thermal cycler and a time-resolved fluorometer.11 The 

Instrument is operated via the GenomEra CDX Software.  

The Instrument is used to run analyte-specific, ready-to-use GenomEra Test Chips that have been developed for the detection of specific 

nucleic acid sequence(s) in various direct clinical or cultured sample matrices. All reagents required for performing the homogeneous 

amplification and detection steps are readily contained in dry form in the Test Chips. 
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The GenomEra HSV-1/2, VZV + EV Assay Kit utilizes real-time RT-PCR and hydrolysis probes to detect unique sequence regions of the 

analytes: the DNA polymerase encoding genes of HSV-1, HSV-2, and VZV and the 5’ untranslated region (5’UTR) of EV.  

The assay uses a sample-processing control / internal amplification control (SPC/IAC), which is included in the GenomEra SPC Tube 2. 

The control ensures that the sample preparation has been performed appropriately and functions as an amplification control to monitor 

assay inhibition. The control contains a small amount of MS2 bacteriophage which mimics the analyte viruses and contains a specific RNA 

sequence which is detected during the assay run. 

Sample preparation is based on size exclusion purification of nucleic acids using the GenomEra Extraction Columns. The purified high 

molecular weight nucleic acids are eluted, while all debris, cellular compartments, inhibitors, small nucleic acid fragments (< 50 bp), 

nucleotides, and salts are retained in the column matrix.  

Lesion swab specimens are collected and stored in viral transport medium, preferably eNAT (Copan, Italy). CSF specimens, and swab 

specimens collected in any other collection medium than eNAT, are diluted in 1:1 ratio with eNAT for sample lysis. To run a test, the 

Extraction Columns are brought to room temperature at least 1 hour before starting, and the storage buffer is removed from the Extraction 

Column by a short 1-minute centrifugation. Next, the lysed sample is loaded onto the Extraction Column, followed by an additional 

centrifugation to purify the sample. Detailed instructions are described in Chapter 8.  

In the beginning of the automated assay run, the GenomEra Test Chips are irreversibly sealed in the Instrument to minimize the risk of 

cross-contamination. The target sequences are amplified and detected if present. The assay protocol takes approximately 70 minutes and 

ends with reporting of the results. In addition to the colour-coded qualitative results, GenomEra CDX Software calculates threshold cycle 

values (Ct, see section 9.2) for each positive analyte. 

4 MATERIALS PROVIDED 

The GenomEra® HSV-1/2, VZV + EV Assay Kit contains: 

• 20/40x GenomEra® HSV-1/2, VZV + EV Test Chips 

• 20/40x GenomEra® SPC Tube 2 

• 20/40x GenomEra® Extraction Columns 

• 20/40x GenomEra® Waste Tubes 

• 20/40x GenomEra® Sample Elution Tubes 

• Dummy chips (for filling in empty places in the chip holder) 

• 1x Re-usable Chip Holder 

5 MATERIALS REQUIRED BUT NOT PROVIDED 

• Copan eNAT™ medium for sample lysis and preservation 

o NOTE: Copan eNAT™ can be purchased from Abacus Diagnostica, REF: CDX-608C-50 

• Transport media and swabs for lesion swab specimens e.g. 

o Copan Catalogue No. 482CE. Conical tube filled with 1 mL eSwab™ Liquid Amies medium packaged with one flexible 

minitip Nylon® flocked swab, sterile 

o Copan Catalogue No. 360C. Conical tube filled with 1 mL UTM™ medium packaged with one flexible minitip FLOQSwab™, 

sterile 

o Copan Catalogue No. 305C. Conical tube filled with 3 mL UTM™ medium packaged with one flexible minitip FLOQSwab™, 

sterile 

o Greiner Bio-One Catalogue No. 456162. Vacuette Virus Stabilization Tube filled with 2 mL PBS 

• Cap Puncher (optional tool) 

o NOTE: Cap Puncher can be purchased from Abacus Diagnostica, REF: CDX-20-730 

• FastGene High Speed Mini Centrifuge (Nippon Genetics Catalogue. No. NG003) 

o NOTE: FastGene High Speed Mini Centrifuge can be purchased from Abacus Diagnostica, REF: CDX-10-041 

• Vortex, e.g. Scientific Industries, Inc. Vortex Genie 2, Catalogue No. G560E 

• Micropipette (middle-range including 35 µL), e.g. 

o Sartorius mLine pipette 10–100 µL, Catalogue No. 725050 

• Sterile filter-blocked tips (range 10−100 µL), e.g. 

o Thermo Fisher Scientific ART-100, Catalogue No. 2065 

o VWR sterile aerosol pipet tip with extra length (5–180 µL), Catalogue No. 732-1107 

o StarLab 200 µL XL Filter Tip, Catalogue No. I1011-0830 (extended length tip suitable for pipetting from eNAT tubes) 

• Disposable gloves, powderless 

• GenomEra® CDX System (Instrument and Software version 1.3.48 or above), Abacus Diagnostica, Order No. CDX-10-020 

• Optical filter package for 5-plex update, Abacus Diagnostica, Order No. CDX-10-039 

o NOTE: Already installed in the GenomEra CDX instruments shipped in 2020 or later. 
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6 WARNINGS AND PRECAUTIONS 

• Other GenomEra Assay Kits may not be compatible with the same (RT-)PCR protocol. Different GenomEra Assays can be 

performed within the same assay run depending on the Assay Kits used. Check assay compatibility from the GenomEra 

Assay Kit Compatibility Sheet (available upon request).  

• Reagents are not interchangeable between lots. Only the Extraction Columns can be used interchangeably with different 

lots of the present Assay Kit and other GenomEra Assay Kits utilizing the Extraction Columns. 

• Wear protective clothing and disposable gloves while handling the kit and the samples.  

• Handle all biological specimens as potentially infectious using microbiology laboratory safety procedures. Follow safety 

procedures set by your institution for working with chemicals and handling biological specimens. 

• Avoid contact of eNAT medium with skin and mucous membranes. If contact does occur, immediately wash with plenty of 

water.  

• eNAT medium contains guanidine thiocyanate. Avoid direct contact between guanidine thiocyanate and sodium 

hypochlorite (bleach) or other highly reactive reagents such as acids and bases. These mixtures could release noxious gas. 

• See Copan eNAT package insert for the complete safety information for handling eNAT. 

• Other than validated sample types or transport media can have adverse effects on assay performance. Transport media 

containing organic solvents or Triton X-100 are not recommended as they may induce PCR inhibition or Failed results. 

• Do not use calcium alginate swabs, as they may contain substances that inhibit PCR. 

• Do not use the assay kit after the expiration date. 

• Do not use the Extraction Columns if the columns have leaked, or the caps are broken or open upon arrival. 

• Do not use the Extraction Columns if the purification matrix is dry or not visibly fluid. 

• If Extraction Columns are NOT brought into room temperature before use, it can have adverse effects on assay 

performance. 

• Do not exceed the 1000 × g centrifugal force or 1 minute centrifugation time. Excessive centrifugal force or time will impair 

the purification. 

• Do not use the Test Chips if their foil pouch is torn upon arrival, desiccant is not present or is broken inside the chip pouch, 

or the barcode or label is missing or damaged. 

• Do not remove the desiccant from opened Test Chip pouches. 

• To avoid cross-contamination by amplification products, never open or pierce used Test Chips. 

• The dried reagents start to dissolve as soon as the samples have been applied to the Test Chips. The assay run should be 

started immediately (within 3 minutes) from the addition of the sample. 

• The reported Ct values do not solely determine the viral load in sample and are thus only estimates of the viral load. 

• Incident notice: Any serious incident that has occurred in relation to the assay kit shall be reported to the manufacturer and 

the competent authority of the Member State in which the user and/or the patient is established. 

7 STORAGE, STABILITY AND HANDLING 

The storage temperature of the kit is from +2 to +8 °C. See the package for the expiration date. Store opened pouches closed at 

temperature from +2 to +8 °C up to 14 days. Do not remove the desiccant from the pouch. Please note that Extraction Columns can be 

stored at room temperature. 
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8 DIRECTIONS FOR USE 

8.1 Preparation of the GenomEra Extraction Column 

NOTE: During centrifugation steps, the column caps must be punched OR loosened ½ turn to avoid generation of a vacuum. 

 

 

 

 

NOTE: The pre-prepared columns can be stored at room temperature for up to 8 hours or in refrigerator (+2 °C to +8 °C) up to 5 days after 

the removal of the storage buffer. IMPORTANT! Store the prepared columns in an upright position placed in the Sample Elution Tubes. 

The pre-prepared columns stored in refrigerator can be used directly without a need to keep them at room temperature before use. 

 

Continue to section 8.2. 
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8.2 Sample preparation 

Use the protocol illustrated below for cerebrospinal fluid (CSF) specimens and cutaneous/mucocutaneous lesion swab specimens 

collected in any other collection media than Copan eNAT. For lesion swab specimens collected in Copan eNAT, an aliquot of 100 µL can 

be transferred directly into the SPC Tube 2. 

 

NOTE: Prepare all specimens for the assay run before pipetting to Test Chips. To run the assay, continue to section 8.4. 

 

8.3 Storage of specimens 

In general, specimens should always be stored at +2 to +8 °C until testing is performed. For long term storage, specimens may be frozen 

at -70 °C or colder. 

Cerebrospinal fluid (CSF) specimens: Analysis of CSF specimens is recommended to be conducted within an hour from collection. If not 

possible, CSF can be stored 1−3 days in refrigerator (+2 °C to +8 °C). 

Lesion swab specimens collected in: 

Copan eNAT™: Store at room temperature (+25 °C) or in refrigerator (+2 °C to +8 °C) up to 4 weeks.  

Copan UTM™: Store in refrigerator (+2 °C to +8 °C) up to 96 hours. 

Copan eSwab™: Store in refrigerator (+2 °C to +8 °C) up to 96 hours. 

VACUETTE® Virus Stabilization Tube (PBS): Store in refrigerator (+2 °C to +8 °C) up to 96 hours. 

Pretreated specimens: Purified RNA is known to be unstable and should not be stored. 

8.4 Test procedure 

Prepare all samples for the same assay run as instructed above before starting any of the steps below. Ensure that the Instrument is in 

standby (the indicator LED light on the top cover of the Instrument is green and the ‘Run assays…’ button is visible). Also, ensure that the 

lot code of the kit has been downloaded to the Software. Please see further instructions in the GenomEra CDX User Manual. 

The arrow on the chip indicates the correct opening for sample application. The dried reagents can be seen within the reaction chamber. 

The second chamber is an expansion chamber for accommodating vapour pressure created during the PCR heating-cooling cycles and 

is not to be filled. 

1. Pipette 35 µL of the prepared sample per Test Chip. Use one chip per sample. Four chips can be run at the same time. If 

necessary, use dummy chips to fill in empty positions in the chip holder. 

2. Close the lids of the Test Chips and the lid of the chip holder. 

3. Start the assay run with 4 chips by pressing the ‘Run assays…’ button in the GenomEra CDX Software.  

Important notes:  

Carefully avoid forming bubbles while pipetting. Insert the filled pipette tip into the sample opening of the Test Chip in an upright 

position and ensure that the tip is firmly in place in the opening. Use a pipette that ranges below the target volume of 35 µL, e.g. down to 

10 µL. If the pipette still easily produces bubbles, use the reverse pipetting technique. In case of visible bubbles in the reaction chamber, 

discard the chip and start again by preparing a new sample from the original specimen. Please see further instructions in the GenomEra 

CDX User Manual. 
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Note the order of the chips in the chip holder. The positions are numbered based on the direction the chips are moved within the 

Instrument. The numbering is shown on the chip holder. Carefully check that the naming of samples is in accordance with their position in 

the chip holder. Use sample IDs for tracking the samples. 

Start the analysis within 3 minutes from adding the sample into the first Test Chip. The dried reagents start to dissolve immediately after 

the contact with liquid. 

9 INTERPRETATION OF RESULTS 

9.1 Result interpretation by the GenomEra CDX Software 

Results are automatically reported in approximately 70 minutes. In addition to the coloured texts representing the qualitative results, 

GenomEra software calculates threshold cycle values (Ct, see section 9.2) for each positive analyte. 

• A plus sign (+) in front of the result and a red colour indicate that the obtained result was positive, and the target sequence 
was found in the sample. 

• A minus sign (-) in front of the result and a green colour indicate that the obtained result was negative, and the target 
sequence was not found in the sample. 

• A question mark (?) in front of the result and an orange colour indicate that the obtained result was a borderline result. The 
presence of the target sequence cannot be reliably derived, and the result is inconclusive. 

The possible result interpretation alternatives of the GenomEra HSV-1/2, VZV + EV Assay Kit are listed in Table 1. Please note that the 

GenomEra CDX Software automatically calculates and reports the results. Threshold cycle (Ct) and cut-off values are explained in sections 

9.2 and 9.3. 

Table 1. Result interpretation with the GenomEra HSV-1/2, VZV + EV Assay Kit. 

Result type HSV-1 HSV-2 Enterovirus VZV SPC 1 

Result combination with 
at least one positive result  

+ POSITIVE / 
- NEGATIVE / 

? BORDERLINE
 3

 

+ POSITIVE / 
- NEGATIVE / 

? BORDERLINE
 3

 

+ POSITIVE / 
- NEGATIVE / 

? BORDERLINE
 4 

! ANALYTE FAILED
 6

 

+ POSITIVE / 
- NEGATIVE / 

? BORDERLINE
 4

  

N/A 2 

Result combination with 
no positive results 

- NEGATIVE / 
? BORDERLINE 

- NEGATIVE / 
? BORDERLINE 

- NEGATIVE / 
? BORDERLINE  

! ANALYTE FAILED 

- NEGATIVE / 
? BORDERLINE  

Detected 

! PCR INHIBITION 5 Not detected Not detected Not detected Not detected Not detected 

! FAILED 6 Failed Failed Failed Failed Failed 

Run failed 7 No result No result No result No result No result 
1 Sample processing control (SPC)  
2 N/A, not applicable/required 
3 For HSV-1 and HSV-2 target analytes, borderline result is reported if the end-point amplification ratio is < 5% below the cut-off limit. 
4 For enterovirus and VZV target analytes, a borderline result is reported if the amplification ratio is below the cut-off limit but the 

amplification curve is strongly non-linear, indicating possible target-specific amplification. 
5 PCR inhibition result is reported if none of the target sequences nor the SPC is detected (see section 9.4 for further information). 
6 Failed result is reported if the sample is not compatible with the system, or the dry-reagent chemistry of the Test Chip fails. Only the 

detection of enterovirus can fail independently, having no effect on the detection of other analytes. 
7 Run failed is not a result interpretation per se because no results are available for any of the Test Chips in the assay run. The entire run 

can fail only in case of a malfunction of the instrument. In such cases, please contact Technical Support 

(support@abacusdiagnostica.com). 

 

9.2 Threshold cycle value (Ct) 

In addition to the qualitative result, a threshold cycle value (Ct) is calculated for each analyte and is reported with one decimal accuracy. 

It represents the PCR cycle number at which target replication begins to be detectable. Reported Ct values are always in the range of 10.0 

to 43.0 and are calculated only for positive results and reported as 0.0 in all the other cases. 

9.3 Determination of the qualitative result 

The actual qualitative result (POS/BOR/NEG) is determined by the GenomEra CDX Software with a combination of the end-point 

amplification ratio, an assay kit lot-specific cut-off limit and a shape analysis of the amplification curve. Cut-off values are determined for 

each target amplicon during production and quality control of the test kit. If the end-point amplification ratio exceeds the cut-off value, the 

result is usually positive. However, cut-off values do not solely determine the result. Depending on the fluorescence label, if the end-point 

amplification ratio is below the cut-off but the amplification curve is strongly non-linear, a borderline result is reported. Similarly, a negative 

result is reported if the amplification curve is strongly linear and rises above the cut-off limit. 
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9.4 Troubleshooting guide for Borderline, PCR inhibition, Assay failed and Run failed results 

Borderline result 

For HSV-1 and HSV-2, a borderline result will be reported if the end-point amplification ratio is < 5% below the cut-off limit. For enterovirus 

and VZV, a borderline result will be reported if the end-point amplification ratio is below the cut-off limit, but the amplification curve is 

strongly non-linear. In case of a borderline, the presence of the target cannot be reliably derived, and the result is inconclusive. It is likely 

that there were not enough viral DNA/RNA copies in the reaction. However, inhibitors in the specimen may also impair the amplification 

reaction resulting in a borderline result. Please start again by preparing a new sample from the original specimen. 

PCR inhibition 

None of the target sequences nor the sample processing control were detected. It is likely that the sample contained an excessive quantity 

of inhibitors which impaired the amplification reaction. Please start again by preparing a new sample from the original specimen. 

NOTE: If inhibition persists, please collect a new sample, and ensure correct orientation of the Extraction Columns in the centrifuge. 

Failed 

The sample is not compatible with the system, or the dry-reagent chemistry of the Test Chip has failed. Typically, the measured 

fluorescence signal has exceeded or fallen below acceptance limits. It is likely that the sample was missing, or the amount of original 

sample was too high. Failed result may also be encountered if the sample contains high amounts of blood. If you forgot to add the sample 

to the Test Chip prior to starting the analysis, take a new chip and perform a new assay. In case of Failed result, please start again by 

preparing a new sample from the original specimen. 

Analyte failed 

This is an analyte-specific result type which can arise for same reasons that are described above with the Failed result. Analyte failed 

result is only possible for the enterovirus analyte allowing it to fail independently having no effect on the result interpretation of other 

analytes. Many biological substances fluoresce at same wavelengths as the FAM label used to detect enterovirus. Due to potential signal 

interference, FAM is allowed to fail independently. Hence, failing of FAM label does not compromise the detection and result interpretation 

of other target analytes. 

Run failed 

In case of a malfunction in the GenomEra CDX system, the entire run will be failed, and no results will be available. In such a rare case, 

the system will display the reason for the malfunction and instructions on how to proceed. In such case, please contact Technical Support 

(support@abacusdiagnostica.com). 

9.5 Export of results to Laboratory Information System (LIS) 

For the comprehensive description of the GenomEra LIS support, please refer to the GenomEra User Manual. 

LIS reports are exported as text files in which one line of text represents one test chip. Each line contains 25 data fields, separated by a 

user configurable LIS separator character (symbol | in the example below). 

|"Sample 1"|"20220210-05"|"20210134"|"31001"|"1"|"HSV-1"|"HSV-2"|"Enterovirus"|"VZV" 

|"+ Positive"|"- Negative"|"- Negative"|"- Negative"|"POS"|"NEG"|"NEG"|"NEG" 

|"26.4"|"0.0"|"0.0"|"0.0"|"+QCPASS"|""|""|""| 

 

|"Sample 2"|"20220210-05"|"20210134"|"31001"|"2"|"HSV-1"|"HSV-2"|"Enterovirus"|"VZV" 

|"- Negative"|"+ Positive"|"! Analyte failed"|"- Negative"|"NEG"|"POS"|"FAI"|"NEG" 

|"0.0"|"28.1"|"0.0"|"0.0"|""|"+QCPASS"|""|""| 

 

The GenomEra HSV-1/2, VZV + EV Assay Kit specific LIS report fields are listed in Table 2. 
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Table 2. LIS report fields. 

Field # Field name Field value Field # Field name Field value 

1 Sample name User added text 14 Analyte #1 short result POS / BOR / NEG 

2 Run number YYYYMMDD-NN 15 Analyte #2 short result POS / BOR / NEG 

3 Instrument serial number XXXXXXXX 16 Analyte #3 short result POS / BOR / NEG / FAI 

4 LOT number 31XXX 17 Analyte #4 short result POS / BOR / NEG 

5 Chip position 1 / 2 / 3 / 4 18 Analyte #1 numeric result Threshold cycle value (Ct) 

6 Analyte #1 name HSV-1 19 Analyte #2 numeric result Threshold cycle value (Ct) 

7 Analyte #2 name HSV-2 20 Analyte #3 numeric result Threshold cycle value (Ct) 

8 Analyte #3 name Enterovirus 21 Analyte #4 numeric result Threshold cycle value (Ct) 

9 Analyte #4 name  VZV 22 
Analyte #1 QC result  
(if available) 

+/-QCPASS / +/-QCFAIL 

10 
Result interpretation #1 
(language-dependent) 

See Table 1 23 
Analyte #2 QC result  
(if available) 

+/-QCPASS / +/-QCFAIL 

11 
Result interpretation #2 
(language-dependent) 

See Table 1 24 
Analyte #3 QC result  
(if available) 

+/-QCPASS / +/-QCFAIL 

12 
Result interpretation #3 
(language-dependent) 

See Table 1 25 
Analyte #4 QC result  
(if available) 

+/-QCPASS / +/-QCFAIL 

13 
Result interpretation #4 
(language-dependent) 

See Table 1       

 

10 QUALITY CONTROL (QC) 

10.1 Sample processing control (SPC) 

SPC is designed to monitor the assay performance. SPC ensures that the sample preparation is performed according to instructions and 

functions as an internal amplification control to monitor assay inhibition and reagent integrity for each specimen. PCR inhibition result is 

reported if none of the target sequences nor SPC have been detected. 

10.2 External quality assessment 

It is specifically recommended that users of this assay kit participate regularly in external quality assessment programs for molecular 

diagnostic testing of the target viruses. Recommended providers for such programs are e.g.: 

LabQuality: https://www.labquality.fi/ 

Instand e.V.: https://www.instand-ev.de/ 

QCMD: https://www.qcmd.org/ 

10.3 Control samples 

The running of control samples in each assay run or at specific intervals is not required. Positive and negative controls can, however, be 

run anytime. Follow the laboratory policy regarding the recommended frequency of QC runs.  

Control samples can be identified using +/- QC checkboxes after starting an assay run. Control samples can be included in a conventional 

assay run or run separately. The use of commercially available reference strains for external QC is recommended but well characterized 

positive and negative samples are also suitable to be used as controls. 

NOTE: If SPC Tube 2 is not included in the preparation of negative control samples, the result will be PCR inhibition as no SPC target 

sequence has been present in the reaction.  
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11 PERFORMANCE CHARACTERISTICS 

11.1 Clinical performance 

Performance characteristics of the GenomEra® HSV-1/2, VZV + EV Assay Kit were evaluated with clinical specimens received from three 

institutions across Europe during April-May 2022. The study specimens consisted of frozen (retrospective) cerebrospinal fluid (CSF) and 

lesion swab specimens collected in Copan eSwab from patients with signs and symptoms of central nervous system infection or 

cutaneous/mucocutaneous lesions, respectively. All the samples were anonymized leftover specimens. Site 1 and Site 2 were service 

laboratories, and Site 3 consisted of a panel of specimens from two clinical laboratories in Europe all analysed at Abacus Diagnostica 

premises. 

The reference test methods (primary and confirmatory method, respectively) were; Site 1: FilmArray Meningitidis/Encephalitis (ME) panel 

(bioMérieux) and well-characterized, validated in-house (real-time) RT-PCR assay for HSV-1/2, VZV, and EV detection (validated after 

ISO-15189); Site 2: Xpert® EV Assay (Cepheid), confirmed through repeated analyses; Site 3: Xpert® EV Assay (Cepheid), artus VZV 

assay (Qiagen), and laboratory developed (in-house) assay for HSV-1 and HSV-2 which has been registered by the Finnish Regional 

State Administrative Agency and the Finnish Institute for Health and Welfare for routine clinical diagnostic according to the national 

legislation. Results of the clinical evaluation are presented in Tables 3−5. 

Table 3. Clinical performance of the GenomEra HSV-1/2, VZV + EV Assay Kit in frozen CSF specimens.1  

Analyte n 2 TP FP TN FN PPA % 

(CI 95) 

NPA % 

(CI 95) 

HSV-1 193 10 0 183 0 
100% 

(69.2–100%) 

100% 

(98.0–100%) 

HSV-2 193 7 0 186 0 
100% 

(59.0–100%) 

100% 

(98.0–100%) 

VZV 193 31 1 160 1 
96.9% 

(83.8–99.9%) 

99.4% 

(96.6–100%) 

EV 193 11 0 178 4 
73.3% 

(44.9–92.2%) 

100% 

(98.0–100%) 
1 Final results after confirmation 
2 The number of analyte calls from the clinical specimens (n = 193)  
TP = True Positive 
FP = False Positive 
TN = True Negative 
FN = False Negative 
CI = Confidence Interval 
PPA = Positive Percent Agreement  
NPA = Negative Percent Agreement 
 

Table 4. Clinical performance of the GenomEra HSV-1/2, VZV + EV Assay Kit in frozen CSF specimens by Study Site.1 

Study Site n 2 TP FP TN FN PPA % 

(CI 95) 

NPA % 

(CI 95) 

Site 1 668 36 1 628 3 
92.3% 

(79.1–98.4%) 

99.8% 

(99.1–100%) 

Site 2 32 5 0 25 2 
71.4% 

(29.0–96.3%) 

100% 

(86.3–100%) 

Site 3 72 18 0 54 0 
100% 

(81.5–100%) 

100% 

(93.4–100%) 
1 Final results after confirmation 
2 The number of analyte calls from the clinical specimens (n = 193) 

Table 5. Clinical performance of the GenomEra HSV-1/2, VZV + EV Assay Kit in frozen lesion swab specimens.1 

Analyte n 2 TP FP TN FN PPA % 

(CI 95) 

NPA % 

(CI 95) 

HSV-1 24 13 0 9 2 
86.7% 

(59.5–98.3%) 

100% 

(66.4–100%) 

HSV-2 24 6 0 18 0 
100% 

(54.1–100%) 

100% 

(81.5–100%) 

VZV 24 0 0 24 0 N/A 
100% 

(85.8–100%) 

EV 24 3 0 21 0 
100% 

(29.2–100%) 

100% 

(83.9–100%) 
1 Final results after confirmation 
2 The number of analyte calls from the clinical specimens (n = 24)  
N/A, not applicable 
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A total of 193 CSF specimens were analysed of which a valid result was obtained in 154 (79.8%) cases during the first GenomEra assay 

run. Twenty-eight of the inconclusive specimens resulted in PCR inhibition, and 11 in failed result. All PCR inhibitions/failed results occurred 

at Site 1, and in all cases, amplification was clearly inhibited. The instructions for the preparation of the GenomEra Extraction Columns 

were modified to resolve the issue and the revised instructions are presented in Section 8.1. 

Of the 193 CSF specimens providing valid results after the reruns, 64 were positive for one of the targets (none of the specimens were 

positive for multiple targets) and 129 were negative for all targets according to the confirmatory methods used. A total of five specimens 

(originating from two different sites) yielded discrepant results between the GenomEra HSV-1/2, VZV + EV Assay Kit and a confirmatory 

method. In all cases, a negative result was obtained with the GenomEra assay but a low positive result (Ct values ≥ 35) with reference 

assays (both primary and confirmatory methods). The overall sensitivity (PPA) and specificity (NPA) of the GenomEra HSV-1/2, VZV + 

RSV Assay Kit with CSF specimens was 92.2% (95% CI: 82.7–97.4%) and 99.9% (95% CI: 99.2–100%), respectively. The overall 

agreement of the assay in comparison with the reference assays was 99.2% (95% CI: 99.5–99.9%). The analyte and site-specific 

performance characteristics are presented in Table 3 and Table 4, respectively. 

In addition to the CSF specimens, a set of 24 leftover lesion swab specimens from one clinical laboratory was analysed at Abacus 

Diagnostica premises (Table 5). No PCR inhibition/Failed results were observed indicating a technical successful rate of 100%. The overall 

sensitivity (PPA) and specificity (NPA) of the GenomEra HSV-1/2, VZV + RSV Assay Kit with lesion swab specimens was 91.7% (95% CI: 

73.0–99.0%) and 100% (95% CI: 95.0–100%), respectively. The overall agreement of the assay with lesion swab specimens in comparison 

with the reference assays was 97.9% (95% CI: 99.5–99.9%). Due to limited number of specimens available, the assay is not validated for 

VZV and EV in lesion swab specimens. The analyte specific performance is presented in Table 5. 

11.2 Analytical sensitivity (Limit of Detection) 

Analytical sensitivity of the GenomEra HSV-1/2, VZV + EV Assay Kit was evaluated with the following heat-inactivated viral culture fluids 

acquired from ZeptoMetrix (Buffalo, USA): 

• Prod.# 0810005CFHI: Herpes Simplex Virus Type 1 (HSV-1), strain MacIntyre 

• Prod.# 0810006CFHI: Herpes Simplex Virus Type 2 (HSV-2), strain MS 

• Prod.# 0810170CFHI: Varicella Zoster Virus (VZV), Isolate 9939 

• Prod.# 0810236CFHI: Enterovirus Type 71, 2003 Isolate (EV subgroup A) 

• Prod.# 0810237CFHI: Enterovirus Type 68, 2007 Isolate (EV subgroup D) 

The standards were spiked in various concentrations into artificial CSF (aCSF, from BioTechne, Cat.# 3525/25ML). The limit of detection 

(LoD) was defined as the lowest standard concentration per sample which could be reproducibly distinguished from negative samples with 

95% confidence. Four replicates per each dilution were analysed to determine LoD estimates, which were subsequently confirmed by 

testing a total of 24 replicates with each standard. Table 6 presents the determined LoD values for each template.  

Table 6. Determination of LoD with the GenomEra HSV-1/2, VZV + EV Assay Kit. 

Template / target analyte 
LoD 

(in original specimen) 

Result 

(number of replicates positive) 

HSV-1 (#0810005CFHI) 33.9 TCID50 U/mL 23/24 

HSV-2 (#0810006CFHI) 72.4 TCID50 U/mL 24/24 

VZV (#0810170CFHI) 857 copies/mL 24/24 

EV-71 (#0810236CFHI) 7.2 TCID50 U/mL 24/24 

EV-68 (#0810237CFHI) 60.5 TCID50 U/mL 23/24 

 

11.3 In vitro inclusivity 

Inclusivity was studied in vitro by testing the following viral strains at 3 × LoD concentrations spiked in artificial CSF sample matrix. 

• Zeptometrix NATtrol™ Varicella Zoster Virus (VZV) Strain: Ellen (50,000 cp/mL), Prod.# NATVZV-0005 

• Vircell AmpliRun® Enterovirus A71 RNA control (strain: BrCr-ts), Prod.# MBC019 (Vircell, Granada, Spain) 

• AmpliRun® Enterovirus D68 RNA control (strain: F02-3607 Corn), Prod.# MBC125 

• Zeptometrix Culture Fluid Enterovirus Type D68 (2007 Isolate), Prod.# 0810237CFHI 

• AmpliRun® Coxsackievirus A6 RNA control (strain: Gdula), Prod.# MBC063 

• AmpliRun® Coxsackievirus B1 RNA control (strain: Conn-5), Prod.# MBC061 

• AmpliRun® Coxsackievirus B5 RNA control, Prod.# MBC062 

• AmpliRun® Echovirus 5 RNA control, Prod.# MBC062 (EV serotype B) 

All the tested strains yielded a positive qualitative result in 3 × LoD concentration for 4/4 replicates, except the EV-D68 strain F02-3607 

Corn for which 3/4 positive results were detected. 

In addition, the following enterovirus samples from QCMD (Quality Control for Molecular Diagnostics, Glasgow, UK) EQA (external quality 

assessment) panel with Ref Code EVRNA22 were correctly detected: 

• EVRNA22C1-01, coxsackievirus A24 (EV serotype C) 

• EVRNA22C1-03, coxsackievirus A9 (EV serotype B) 

• EVRNA22C1-04, echovirus 6 (EV serotype B) 

• EVRNA22C1-05, echovirus 25 (EV serotype B) 
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11.4 Analytical specificity (Exclusivity) 

An in silico cross-reactivity analysis was performed by screening the GenomEra HSV-1/2, VZV + EV primer and probe sequences 

individually against genomic sequences of selected organisms available in the GenBank Nucleotide database as of May 24th, 2022. BLAST 

search was conducted by limiting the maximum number of hits per oligonucleotide sequence to 1000. Match/Mismatch scores were 1/-3 

(default values). Organisms were selected to represent a wide array of pathogens causing meningitis/encephalitis and/or 

cutaneous/mucocutaneous lesions. 

All cross-reactivity hits resulting in potential amplification were individually assessed. The hits were considered amplifiable if the primers 

acting as forward and reverse primers, or one of the primers and a probe binding to the same DNA strand with the primer, anneal within 

1000 bases from each other on the non-target sequence. In silico results suggest that no such cases exist where forward and reverse 

primers would cross-react with the same non-target sequence. In addition, such cases neither exist where one of the primers and one of 

the probes would bind to the same non-target sequence within 1000 bases of each other. As expected, more cross-reactivity is encountered 

with the probes due to shorter nucleotide sequences compared with the primers. Shorter sequences naturally increase the probability for 

cross-reactivity. The results are summarized in Table 7. 

In conclusion, in silico cross-reactivity analysis indicated that there is a limited number of oligonucleotide hits to non-target sequences with 

> 80 % homology, and all of those are non-amplifiable. 

Table 7. GenomEra HSV-1/2, VZV + EV Assay Kit oligonucleotide homology % against selected microorganisms, according to 

BLAST search. 

 

  

Organism
GenBank 

TaxID
HSV-FWD HSV-REV HSV1-P HSV2-P VZV-FWD VZV-REV VZV-P EV-FWD EV-REV EV-P MS2-1-F MS2-1-R MS2-1-P

Adenovirus (type 1) 10533 - - - - - - - - - - - - -

Adenovirus (type 7) 10519 - - - - - - - - - - - - -

BK virus 1891762 - - - - - - - - - - - - -

Cytomegalovirus 10359 - - - - - - - - - - - - 80

Dengue virus 12637 - - - 88 - - - - - - - - -

Encephalomyocarditis virus 12104 - - - - - - - - - - - - -

Epstein Barr Virus 10376 - - - - - - - - - - - - -

Hepatitis B 10404 - - - - - - 87 - - - - -

Hepatitis C 41856 - - - - - - - - - - - - -

HHV-6 10368 - - - - - - - - - - - - -

HHV-7 10372 - - - - - - - - - - - - -

HHV-8 37296 - - - - - - - - - - - - -

La Crosse encephalitis virus 2560547 - - - - - - - - - - - - -

Measles virus 11234 - - - - - - 93 - - - - - -

Metapneumovirus 162387 - - - - - - - - - - - - -

Mumps virus 2560602 - - - - - - - - - - - - -

Human parainfluenza viruses 11216 - - - - - - - - - - - - -

Parvovirus B19 10798 - - - - - - - - - - - - -

Rabies lyssavirus 11292 - - - - - - - 83−89 - - - - -

Rubella virus 11041 - - - - - - - - - - - - -

St. Louis encephalitis virus 11081 - - - - - - - - - - - - -

West Nile Virus 11082 - - - - - - - - - - - - -

Bacteroides fragilis 817 - - - 82 - - 93 - - - - - -

Candida albicans 5476 - - - 88 - - - - - - - - -

Chlamydia trachomatis 813 - - - - - - 93 - - - - - -

Clostridium sordellii 1505 - - - - - - - - - - - - -

Corynebacterium genitalium 38288 - - - - - - - - - - - - -

Citrobacter freundii 546 84 - - 82 - - - 83 - - - 84 -

Citrobacter koseri 545 - - - 82 - - - - - - - - -

Cryptococcus neoformans 5207 - - 88 - - - - - - - - - -

Enterobacter aerogenes 548 - - - - - - - - - - - - -

Enterococcus faecalis 1351 - - - - - - - - - - - - -

Escherichia coli 562 - 82 82 82−88 81−86 - 93−100 83 - 93 - - -

Gardnerella vaginalis 2702 - - - - - - - - - - - - -

Haemophilus influenzae 727 - - - - 86 - 93 - - - - - -

Klebsiella pneumoniae 573 89 82 - 82 - - - 83 - 93 - - -

Lactobacillus acidophilus 1579 - - - - - - - - - - - - -

Listeria monocytogenes 1639 - - - - - - - - - - 95 - -

Mobiluncus mulieris 2052 - - - - - - - - - - - - -

Mycobacterium tuberculosis 1773 - - - 82 - - - - - - - - -

Mycoplasma hominis 1267000 - - - - - - - - - - - - -

Naegleria fowleri 5763 - - - - - - - - - - - - -

Neisseria gonorrhoeae 485 - - - - - - - - - - - - -

Neisseria meningitidis 487 - - - - - - - - - - - - -

Proteus mirabilis 584 - - - - - - - - - - 95 - -

Proteus vulgaris 585 - - - - - - - - - - - - -

Pseudomonas aeruginosa 287 84−89 82 88 - - - 93 - - - - - 85

Staphylococcus aureus 1280 - - - - - - - - - - - - -

Staphylococcus epidermidis 1282 - - - - - - - - - - - - -

Staphylococcus saprophyticus 29385 - - - - - - - - - - - - -

Streptococcus agalactiae 1311 - - - - - - - - - - - - -

Streptococcus mitis 28037 - - - - - - 100 - - - - - -

Streptococcus pneumoniae 1313 - - - - - - - - - - - - -

Streptococcus pyogenes 1314 - - - - - - - - - - - - -

Toxoplasma gondii 5811 - - - 82 - 81 - 83 81 93 - - 85

Trichomonas vaginalis 5722 - - - - - - - - - - - - -

Ureaplasma urealyticum 2130 - - - - - - - - - - - - -
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11.5 Interfering substances 

Potentially interfering substances were tested using a sample consisting of Copan eNAT spiked with HSV-1, HSV-2, VZV and EV-68 

culture fluids in 3 × LoD concentrations to assess potential interfering effects. To include also sample matrix derived effects, eNAT sample 

was mixed with artificial CSF (aCSF) or Copan eSwab (common transport medium for lesion swab specimens) in the SPC tube. Interfering 

substances were spiked into the low positive samples in clinically relevant concentrations, which are based on the maximum dosages of 

the interferents. Each substance was tested in two replicates. 

None of the endo- or exogeneous substances converted the target-specific qualitative results from positive to negative. Also, the 

amplification of internal control was normal. However, BSA clearly increases the background signal levels in all fluorescence channels, 

but the end-point S/B ratios (and subsequently qualitative result interpretation) are not affected. In contrast, the whole blood significantly 

decreases the background signal levels of HSV-1, HSV-2 and enterovirus, but again the end-point S/B ratios are not affected. High 

concentrations of whole blood and white blood cells result in decreased VZV end-point S/B which may induce negative effects on assay 

performance. Additionally, KY Jelly, Colgate Total and Aciclovir lowered the end-point S/B of HSV-1 ∼20−50 % and thus may cause some 

interference in case of very low positive samples. 

Common laboratory disinfectants were also screened for inhibitory effects. Isopropyl alcohol was the only disinfectant which had a 

discernible effect by lowering enterovirus and VZV background signals. Still, the amplification was normal with all target analytes despite 

the lower signal levels. All the substances and their tested concentrations are listed in Table 8. In general, it must be noted that practically 

any substance will induce PCR inhibitory effects if the concentration in the reaction is sufficiently high. 

Table 8. Potentially interfering substances tested with the GenomEra HSV-1/2, VZV + EV Assay Kit. 

Substance Commercial trade name Active ingredient 
Tested concentration in 

transport medium 

Endogenous substances 

White Blood Cells (WBC) N/A White Blood Cells (human) 10,000 cells/µL 

Human Whole Blood N/A Blood (human) 2 % (v/v) 

Protein 

(Bovine Serum Albumin) 
N/A Bovine Serum Albumin (BSA) 50 mg/mL 

Urine (human) N/A (several) 10 % (v/v) 

Exogeneous substances 

Antiviral drug, ointment Aciclovir Sandoz 200 mg Aciclovir 10 mg/mL 

Antibiotic, nasal ointment Bactroban nasal 2 % Mupirocin 10 mg/mL 

Lip balm Bepanthol (several) 7 mg/mL 

Mouthwash Listerine Cool Mint (several) 7 mg/mL 

Toothpaste 
Colgate Total Advanced Pure 

Breath 
(several) 7 mg/mL 

Lubricant KY Jelly (several) 7 mg/mL 

Topical antiseptic Betadine Povidone-iodine 5 % (v/v) 

Laboratory disinfectants 

Ethanol Etax A12 Ethanol 2% (v/v) 

Hypochlorite N/A Sodium hypochlorite 0.01% (v/v) 

Aseptic disinfectant Neo-Amisept Isopropyl alcohol 2% (v/v) 

 

11.6 Reproducibility 

Reproducibility and repeatability of the GenomEra HSV-1/2, VZV + EV Assay Kit was evaluated at Abacus Diagnostica. Two low positive 

samples (all analytes in a single sample), and one negative sample was tested over 5 days as 3 replicates by 2 operators. Positive samples 

were prepared by diluting Zeptometrix HSV-1, HSV-2, VZV and EV-D68 Culture Fluids in 5 × LoD or 2 × LoD concentrations in Copan 

eNAT. Results of the study are presented in Table 9. 

The overall agreement between reproducibility test results (users and instruments) was 100 %. No false positive results were encountered 
for any of the target analytes in case of negative samples. 
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Table 9. Results of the reproducibility and repeatability study for GenomEra HSV-1/2, VZV + EV Assay Kit. 

Samples Target analyte # of correct positive results per replicates 

Moderate positive 

(5 x LoD) 

HSV-1 30/30 

HSV-2 30/30 

VZV 30/30 

EV 30/30 

Low positive 

(2 x LoD) 

HSV-1 30/30 

HSV-2 30/30 

VZV 30/30 

EV 30/30 

Negative 

HSV-1 

30/30 (NEG) 
HSV-2 

VZV 

EV 

SPC * 30/30 

* Positivity of MS2 bacteriophage sample processing control (SPC). 
 

11.7 Robustness and cross-contamination 

During clinical performance evaluation, multiple positive samples were tested in batches and although negative samples were tested after 

positive samples, there were no cross-contamination events detected. GenomEra CDX is a closed system with no liquid handling inside 

the instrument which also provides further protection from cross-contamination. The Test Chips are permanently sealed with heat and 

pressure in the beginning of the assay run inside the GenomEra CDX instrument which makes the chips safe to dispose and prevents 

amplicon contaminations. 

11.8 Competitive interference 

The competitive interference study evaluated the effects of clinically relevant co-infections with any of the analytes probed by the assay. 

The study assessed whether a high concentration of one virus in the specimen could potentially affect assay performance for another 

target present at low levels in the multiplex assay.  

Samples were diluted in Copan eNAT to remove all clinical matrix derived inhibitory effects and reveal any potential interfering effects. 

ZeptoMetrix viral culture fluids were used at 3 × LoD concentrations and the same templates were also used at high concentrations as 

interfering analytes. Interfering analytes were spiked into reactions at their highest possible concentrations considering the concentrations 

of the template stock solutions. Also, lower interfering concentrations were tested if the primarily tested concentrations produced 4/4 

negative results for the 3 × LoD analyte. The results are summarized in Table 10. High concentrations of another analyte may interfere 

with the detection of the analyte with lower concentration in co-infected samples. 

Table 110. Competitive interference detected with the GenomEra HSV-1/2, VZV + EV Assay Kit. 

Test analyte 

at 3 x LoD 
Interferent analyte 

Interferent 

concentration 

in reaction 

(TCID50 U/mL) 

Interferent 

result and 

threshold 

cycle value 

(Ct) 

Correct 

positive 

results for 

test analyte 

(n/4) 

HSV-1 

HSV-2 (strain: MS) 72444 POS (21.9) 0/4 1 

HSV-2 (strain: MS) 3622 POS (28.0) 4/4 

EV-D68 (2007 isolate) 151356 POS (19.2) 3/4 

VZV (strain: 9939) 42850000 2 POS (18.5) 4/4 

HSV-2 

HSV-1 (strain: MacIntyre) 3388442 POS (19.1) 0/4 1 

HSV-1 (strain: MacIntyre) 33884 POS (27.7) 4/4 

EV-D68 (2007 isolate) 151356 POS (19.2) 4/4 

VZV (strain: 9939) 42850000 2 POS (19.5) 4/4 

VZV 

HSV-1 (strain: MacIntyre) 33884416 POS (19.2) 4/4 

HSV-2 (strain: MS) 724436 POS (22.3) 4/4 

EV-D68 (2007 isolate) 1513561 POS (19.1) 3/4 

EV 

HSV-1 (strain: MacIntyre) 33884416 POS (19.5) 4/4 

HSV-2 (strain: MS) 724436 POS (21.5) 3/4 

VZV (strain: 9939) 857000000 2 POS (19.7) 4/4 
1 The GenomEra HSV-1/2, VZV + EV Assay Kit is utilizing the same amplicon for HSV-1 and -2 (with subgroup-specific probes), and thus, 

minor competitive interference is expected between these target analytes. 
2 The unit is copies/mL. 
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11.9 Sample stability 

The analysis of CSF specimens is recommended to be conducted within an hour after collection (Meningitis Lab Manual: Specimen 

Collection and Transport | CDC). In general, the stability of specimens is mainly dependent on individual chemical properties of biological 

samples (e.g. amount of nucleases/RNases). 

Considering lesion swab specimens, the stability of original untreated specimens is heavily dependent on the used sample 

collection/transport media. As there are numerous different transport media available on the market, it is reasonable for the users to follow 

the sample storage instructions provided by the medium manufacturers. Sample stabilities in transport media are comprehensively tested 

by the medium manufacturers and those instructions must be strictly followed.  

The guidance document by the Medical Device Coordination Group, MDCG 2022-212, advises to reflect the effects of sample collection 

and storage conditions on the analytical performance of the Product. The sample preparation method utilized in the GenomEra HSV-1/2, 

VZV + EV Assay Kit efficiently removes any impurities and inhibitors present in biological specimens. It must be noted that the sample 

preparation workflow of the assay kit purifies the original CSF specimens and does not include any sample manipulation steps that would 

decrease the stability of the original specimens. Again, the stability of lesion swab specimens is merely dependent on the properties of the 

transport/collection medium. If the user is uncertain about the stability of the specimen, it is recommended to add Copan eNAT lysis 

medium into the specimen as it stabilizes nucleic acids. However, it must be noted that after the addition of eNAT, the specimen is not 

suitable for viral culture. 

It is not recommended to freeze the specimens before primary analysis as it can distract the integrity of viral particles and lead to 

degradation of nucleic acids. Enteroviral RNA genomes are especially susceptible for degradation. For long term storage, after the clinical 

status of the specimen has been determined, specimens may be frozen at -70 °C or colder. 

11.9.1 Stability of pre-treated CSF samples 

The stability of pre-treated CSF samples was studied at the Institute of Biomedicine, University of Turku (Finland) to provide supporting 

data for storage recommendations. Enterovirus is the most vulnerable for degradation among the target analytes of the Product as it has 

an ssRNA genome. Thus, the stability of pre-treated samples was determined using EV as a target analyte. 

The stability was tested by spiking cultured EV stock solutions (strains EV-A71 and EV-D68) in pooled negative clinical CSF matrix. The 

samples were tested in four replicates per timepoint, and the Ct values were monitored. The samples were stored in refrigerator between 

the timepoints (4 h and 8 h). 

The pre-treated EV samples were degraded already after 4 hours of storage. Also, the MS2 sample processing control was degraded 

during the storage. This indicates that CSF contains a large concentration of RNases, which are not completely removed by the Extraction 

Column. Thus, storage of pre-treated CSF specimens is not recommended. 

11.9.2 Stability of pre-treated lesion swab samples 

The stability of pre-treated lesion swab samples was studied in-house by using the clinical leftover specimens. Two EV positive and one 

HSV-1 positive specimens were selected for the study. The pre-treated samples were tested in two replicates per timepoint, and the Ct 

values were monitored. The samples were stored in refrigerator between the timepoints (0, 4 and 24 h). 

As expected, stability of the HSV-1 sample was very good due to its dsDNA genome. Ct values were between 20−21 at all three time-

points. Similarly, the enterovirus samples remained stable as the Ct values of the sample 1 were between 25−26, and for sample 2 between 

24−26 at all time-points. Also end-point S/B ratios remained unchanged through the storage time. 

Although the results suggest that pre-treated lesion swab samples remain stable, it must be noted that these specimens were relatively 

high positives. In case of low positive samples, the risk for degradation is markedly higher. Thus, it is claimed that purified RNA is unstable 

and pre-treated lesion swab samples should not be stored. Degradation of RNA due to RNases is commonly acknowledged information 

in the field of microbiology. 
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12 LIMITATIONS OF THE TEST 

12.1 Inhibitors in clinical samples 

The GenomEra HSV-1/2, VZV + EV Assay Kit has been developed for the detection of viral nucleic acids from cerebrospinal fluid (CSF) 

or lesion swab specimens. The quantity of inhibitors in clinical samples can be highly variable. It is important that only the instructed sample 

volume is used for sample preparation. When the sample preparation is performed according to the instructions, PCR inhibition is rarely 

encountered. However, if PCR inhibition or assay failure is detected, follow the instructions given in section 9.4. 

12.2 Other limitations 

Based on the clinical performance data obtained, the sensitivity for EV in frozen CSF specimens was 73.3% in comparison to over 95% 

for HSV-1, HSV-2 and VZV. 

The test is not validated for detecting VZV or EV in lesion swab specimens.  

It should be noted that the evolution and mutation of viral species is extremely rapid and aberrant sequence variants resulting in unspecific 

or hampered nucleic acid amplification may cause decrease in assay performance. 

Errors in following the assay procedure may lead to false negative results. 

Improper collection, storage or transport of specimens or incorrect storage of the Assay Kit may lead to a false result or PCR inhibition. 

Negative results do not preclude the possibility of infection and should not be used as only basis for treatment or other patient management 

decisions. 

Viral nucleic acids of the analyte may persist in samples independent of the viability of the virus. Detection of viral nucleic acids of the 

analyte in samples does not imply that the corresponding virus is infectious or the cause of clinical symptoms. 

There is a risk of false negative result due to the presence of sequence variants in the viral target of the assay, procedural errors, 

amplification inhibitors in specimens, or inadequate amount of organism for amplification. 

Assay results should be interpreted by a competent health care professional in conjunction with other laboratory findings, patient’s medical 

history and clinical signs or symptoms. Positive results do not rule out co-infection with other undetected target or non-target analytes. 

Negative results do not exclude other types of viral or bacterial infection. Co-infections with multiple viral, bacterial, or other agents are 

also possible. 

13 INSTRUCTIONS FOR DISPOSAL 

Dispose of infectious waste in accordance with the laboratory regulations. Do not open, pierce or grind used Test Chips.  
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MANUFACTURER 

Abacus Diagnostica Oy 

Tykistökatu 4D 

FI-20520 TURKU 
FINLAND 
www.abacusdiagnostica.com 

SYMBOLS 

 
Manufacturer 

 

Do not re-use 

 
 

Catalogue number 
 

Contains sufficient for <n> test 

 
 

Batch code 

 

Temperature limitation 

 
 

Consult instructions for use 
 

Use by end of this month 

 

Shelf life, following the first opening (dd) 

 

CE-marked product 

 

In vitro diagnostic medical device   

 

 

This Product incorporates technologies (Dyes, Quenchers) sublicensed by Kaneka Eurogentec S.A. exclusively for diagnostic purposes. 

Further information on purchasing licenses may be obtained by contacting licensing @eurogentec.com. 



 

 

  



 

 

  



 

 

 


