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Summary

The Venor®Mp PCR test system for dired clinicd diagnasis of infedion by the pathogen Mycoplasma
pneumoniae within humans was developed by the firm Minerva Biolabs GmbH. The production has also
been exeauted at Minerva Biolabs GmbH. The kit was validated and is officially registered by the
In-Vitro DiagnosticDirectives98/79/EUunderNo. DE/CA73/084175.

This report summarizes the results of the validating investigations. It covers the spedfications for
spedficity and sensitivity of the test under comparison to a further commercially avail able system for

directdetectionof the pathogeron the basisof ELISA technology.

500 throat swab samples of patients suspeded of Influenza infedion arrived for the commencement of
the investigation. Seven of these patients were tested pasitively for Mycoplasma pneumoniae with
Venor®Mp. Spedficity was confirmed by sequence-spedfic samples hybridizing at the amplicons. 103
samples of the total sample number were randamly seleded, as well as the 7 samples positively tested
with Venor®Mp, and were examined with the ELISA test system. None of the samples could be tested
paositively using the ELISA test system. False negative tests coud be excluded from the 110 samples
with the Venor®Mp through the use of a sensitive internal amplification control. The sensitivity of
Venor®Mp was determined with a 1.6*10° particles'ml PCR sample due to the multicopy P1 operon as
the template. The test enabled a reprodicible diagnostic from 1.6*10° to 8.2*10% particlessml PCR
sample. Venor®Mp detedas M. pneumoniae Subtype | and Subtype II, but nat M. oral, M. fermentans, M.

hominis, andCandida albicans.
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1. Introduction

11 Clinical relevanceof the pathogenMycoplasma pneumoniae

Pathogens of the upper respiratory trad infedions cause the majority of the human infedions.
Mycoplasma pneumoniae is common globally and causes up to 20 % of al bronchial infedions. The
only reservoir of the pathogen are humans. The transmisson occurs particularly via droplet infedion.
The occurrenceis endemic in closely settled areas. Small epidemic diseases in homes, barradks and with
veryyoungchildrenareusual.Every 3-4yearsamoreexpandedpidemicoccurrencas observed

An infedion of the mouth and upper respiratory trad canna fundamentaly be excluded by clincial
observation or with only small spedficity on the relessing pathogen. For econamic reasons, such
diagnosisis frequently omitted. The clinicd diagonsis from throat swabs and sputum was performed via
culture methods and serologicd tedhniques, and was highly time consuming, labor intensive and
provided unreliable results. Serologicd investigations later prove the etiology in approximately 50% of
the cases. For econamic reasons and to adhere to medicd pradice compliance, one usualy will conduct
the diagnosis withou a micro-biologicd diagnostic. Instead under empiricd criteria, antibiotics are
given. This procedure results an inadaeguate therapy, which can be avoided by an ealy and reliable
pathogerdiagnosticin asubstantiaportionof the cases

1.2 Principles of the Venor®Mp detectionprocedure

Venor®Mp functions on the basis of a nucleic add test for the direa qualitative confirmation of
Mycoplasma pneumoniae in clinicad sample material. The test is based on the principle of a polymerase
chain readion. The Venor®Mp test system is a nucleic add test for the qualitative diagnosis of
Mycoplasma pneumoniae in clinicd samples. The test system also allows for a fast diagnostic of
infedions by Mycoplasma pneumoniae. The contained primers are spedfic to a sedion of the multi copy
P1 operon region of the Mycoplasma genome. The amplified PCR product has a size of 207 BP and can
be madedirectly visible in theagaroseagel.

Thekit containghefollowing reactioncomponents:

e Primer/Nucleotide mix: Primer and deoxynucleotidetrisphosphate dATP, dCTP, dGTP and dTTP,
aliquotedfor 25tests Jyophylised

¢ PCRreactionbuffer: sterilg 1300 pl, 20nM Tris-HCI (pH 8.5), 50 mM KCI, 2.5mM MgCl,

e Interna control DNA: Plasmid DNA from E. coli with primer-spedfic sequence segment and more
integrated263bp template-DNA notinfectious,lyophylised

¢ Positive Control DNA: DNA-fragment from Mycoplasma pneumoniae, by means of manufadured
PCR,notinfectious,lyophylised
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2. Base Data of the Study

A Title: Validation of the Mycoplasma pneumoniae
PCRDiagnostickits VenoMp

B StudyNumber: MB 012001.01VMP

C ProductTested: VenofMp Mycoplasma pneumoniae

DiagnosticKit, Lot No. 1451031, 1452031
OrdernumberVMP-025,VMP-100,VMP-250

D SampleQOrigin: throatswabsof Influenzasuspectegatients,
madeavailableby Robert-Koch-Institug, Berlin, FB Virologie

Mycoplasma pneumoniae (NCTC 010119)BatchNo. 08

DNA extract:
a) by meanf extractionkit up-cleanedNA Mycoplasma
pneumoniae (NCTC 010119) BatchNo. 3, subtypel

b) from Dr. JorgenJenserof the National Serum Institute in
CopenhagerDenmark placedfor the ordersubtypell

E Testsystem: BiometraThermocyclel(Cat.No. 050-801)
EppendorMastercycler(Cat.No. 5333 000.018)
GelStaf NucleicAcid System(Cat.No. 850535)
FLU-O-BLU Imaging System(Cat.No. 970000)

F Sponsor: MinervaBiolabs GmbH
KdpenickerStr. 325, 12555 BerlirGermany

G TestLocations: MinervaBiolabs GmbH
KdpenickerStr. 325, 12555 Berlin
ISO9001-certifiedCERT-10137-2001-AQ-ESN-TGA

Robert-Koch-Institute
Fachbereich Virologie
Nordufer 20, 13353 Berlin

H Personnel
Directorof the Study: Dr. Dirk Vollenbroich
Technicalexecution: Dipl. Ing. Christine Schramm,
MTA DoreenWachauf
Author of the Study: Dipl.Ing. Christine Schram
Translation: David Kazmierczak
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3. Methods

3.1 Samplepreparation and storage

The throat swabs of Influenza suspeded patients were present as suspensions. The sample material was
obtained in the winter season of 19992000. The samples were obtained from various medica doctors
from the Berlin/Brandenburg areain the form of throat swabsrinsed in a5 ml buffer solution. 1ml of this
solution was submitted for analysis. The samples were stored for further use at -18 °C. Using 200pl this
solution, a DNA extradion was acomplished by means of the QlIAamp DNA Blood mini kit from the
company Qiagen (Cat.No. 51104. The DNA excerpts were stored for analysis and/or for further use at
-18 °C.

3.2 Execution of theVenor®Mp Diagnosis

5 ul of the sample material was used for the PCR. The readion volume of the PCR was 25 pl, which
contained 10mM Tris-HCI, pH 8.5, 50mM KCI, 2.5mM MgCl;, 0.1mM dNTPs, 0.2uM of ead primer
and 1 urit of a Tag DNA polymerase from the cmmpany Life Techndogies (Cat. No. 10966034). The
PCR readion was exeauted with either the Biometra Thermocycler or the Eppendaf Mastercycler. The
first cycle began with a denaturation process at 94°C for 1 minute. This was followed by a primer
insertion processof atwo minute duration at 65°C, and by a chain prolongation at 72°C for 1 minute. In
the following 34 cycles, the denaturation processfor 30 seconds at 94°C was followed by an insertion
process of 30 seands at 65°C, and by a prolongation processfor 30 seconds at 72°C. Findly a chain
extension was performed for 3 minutes at 72°C. After that a temperature of 4°C was maintained. An
ealier amplified DNA-fragment of Mycoplasma pneumoniae was used as a positive @ntrol, and as a
negative control the sample was substituted by distilled water from the Eppendorf company.

3.3 Analysis of the Results

The amplified PCR product was sparated into a 1.5% agarose gel. For ead PCR readion 5 ul was
applied. The dedrophaesis was gopped when the bromophend blue-marker creaed an approximately 2
cm bandwidth.

A mycoplasma contamination is indicaed through a band at 207 bp.This band must continue for the
same length as the band d the positive control, however a low mycoplasma concentration can be
indicated with a wedker intensity of the fluorescence signal. A negative sample displays no band at 207
bp. Through the use of the internal control, a succesully exeauted PCR is indicaed through a band at
approximately 263 bp.

The analysis was opticdly made. In this manner a fluorescence signal, which was obviously prominent,
wasacknowledgedby the minimum of two independent people and has been interpreted as a band
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34 General Reference

The high sensitivity of the PCR method increases the danger of false-positive results, e.g. through cross
contamination or through non-sterile work. Thus, all work has been executed under the GLP conditions
with a PCR pipette bench. Gloves and mouth protection have been worn. Sterile and filtered pipette tips
and sterile, deionised water have been used. The production of the PCR reaction mix and the aliquote of
the different test methods was executed locally, and separate from the sample preparation.

“Minerva Biolabs 2001



MB012001.01VMP page 8 ofL5

4. Determination of the Test Parameters

4.1 Determination of the specificity of Venor®Mp

Throat swabs were examined from patients with a suspeded Influenza infedion. The DNA from the

samples was extraded and submitted for diagnosis with Venor®Mp. The amplification products of
positive test beginnings were identified and tested for further comparison with randamly seleded

samplesvith acommerciallyavailableELISA system.

4.1.1 Repeatingprecisionof the Venor®Mp diagnostic kit
The above described samples were prepared by two coworkers at different points in time with different
laboratoryinstrumentsandkit loads.The 110samplesvereundertakerby both coworkers.

Tablel: Resultof thediagnosticof throatswabswith Veno®Mp in two independentestseries

Venor®Mp-Diagnostics Venor®Mp-Diagnostics
M. LaCelle Ch. Schramm
total number 500 110
negative 493 [986 %] 103 [936 %]
negativeagreement 103 [100 %]
positive 7 [14 %] | 7 [6.4 %]
positiveagreement 7 [100 %]

For these samples, correspondng negative and positive results were receved with both tests
commencements. The 110 samples of the second PCR test series were condicted with the internal
control, which was nat yet available for the first PCR test series. An inhibition of the PCR was not
observedn anyof the DNA extractedattempts.

4.1.2 Hybridizing analysis

The DNA extrads of the samples that were paositively tested with the Venor®Mp diagnostics kits were
submitted for ared time PCR. The primer system corresponckd to that of the Venor®Mp diagnostic kit,
however a fluorescence-marked probe was attached for the detedion of the amplified product. The
sample sequenceis homologous to a highly conserved sequence sedion of the P1-operon, and lies within

the presumedamplificationrange.
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Table2: Identificationof the positivesampledy probehybridization

Venor®Mp-Diagnostik Venor®Mp-Diagnostik
M. LaCelle Ch. Schramm
positive 7 7
positiveagreement 7 [100 %]
positiveagreementhrough 7 7
hybridizationsamplewith the [100%] [100%]
TagMarf-System
positiveagreementhrough 7 7
hybridizationsamplewith the [100%] [100%]
LightCycler-System

The conventional PCR amplicons could be identified by the following red time PCR hybridizied with
the LightCycler and with the ABI PRISM 7700SDS clealy and spedficdly for M. pneumoniae. Also,
thesamplesnserteddirectly into the real timePCRwereclearly positive inbothPCRsystems.

4.1.3 Comparison with the ELI SA-Direct Pathogen Detection

The output suspensions of the throat swabs were tested with a commercially avail able ELISA system. A
directantigentestcamefor Mycoplasma pneumoniae from the enterpriseSerion(Cat.N0.A127).

110 samples were tested in dugdicae. Exeaution took placeafter instruction. The prepared samples as
well as the carried controls were submitted in the cavities of the antibody coated test strip contained in
the kit and incubated for 60 minutes at 37°C. Afterwards the cavities were incubated and washed
(SLT-96 PW) after the addition of the conjugation solution for 30 minutes at 37°C and incubated with
the TMB substrate for 20 minutes at ambient temperature. The readion was then stopped and the
wavelength was measured at 450 nm with an ELISA reader (SLT spedra). 620 nm was seleded as a
referencevavelengthThe cut-off wasacceptedvith Ext. Neg.Control+ 0.15.

Table3: Comparisorof thetestresultsfor the Veno®Mp-PCRandthe Serion-ELISA

Direct active proof Venor®Mp- Diagnostic
SERION ELISA, Fa.Virion Ch. Schramm
total number 110 110
negative 110 [100 %] 103 [936 %]
negativeagreement 0
ELISA/ PCR 103 [100 %]
positive 0 [0 %] | 7 [6.4 %]
positiveagreemenELISA/PCR 0 [0 %]
posmveconflrm_apon'_[hroughprobe na. 7 [100%]
hybridization

7 of the 110samples were clealy deteded as postive with the Venor®Mp test system. None of these 110
samples resulted in a positive result with the ELISA test. Controls included with the ELISA test kit were
clealy positive. The ELISA test was conduwcted at the Robert-Koch Ingtitute through the suppat of
technicd coworkers, who posses many yeas of experience with a broad range of clinicd ELISA
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diagnostics. None with the PCR tested samples were thus false negative. A fail ure of the PCR could be
excludedby theinternalcontrol

4.1.4 Evaluation of the sample processing procedure

Asraw material avital cdl culture of Mycoplasma pneumoniae in Hayflick medium was used. A dilution
row with PBS was made on the basis of a culture with a titer of 1*10° mycoplasma/ml. A commercial
sterile cotton swab was immersed into ead dilution for 10 seconds under twisting and washed
afterwards in 5ml 10 mM Tris-HCI buffer, pH 8.5. The washing solution was kept over night a 2 to
+8°C. 200 pul of this washing solution was used for a DNA extradion with the QIAmp Blood mini
extradion kit from the company Qiagen (concentration fador: 3.3 and afterwards submitted for PCR
with Venor®Mp. 5 pl for eat excerpt was used for a PCR readion. The amplified prodicts were isolated
by means of standard agarose gel eledrophaesisin 1.8% (w/v) agarose gels and made visible using the
GelstarNucleicAcid Gel Stain

Table4: Resultof the spikingtestswith VenoMp

Venor®Mp
total numberof testeddilution stages 10
numberof repetitions 3
positive 6
reproductibility 100%
appropriatedilution 1*10°
appropriatenycoplasmalilution 1000mycoplasma/mi

To exeaute all necessary sample reprocessng and foll owing PCR with Venor®Mp, it was apparent that a
titer of 2000mycoplasma/ml was necessary in order to ensure a safe diagnostics. The test does nat lose
sensitivityby the extensiveprocessing

4.2 Sensitivity regulations by investigation of dilution series of genomic Mycoplasma

pneumoniae-DNA, Subtyp 1.

The sensiti vity of the Venor®Mp was determined by dil ution rows of purified DNA of a different origin.
The determination of the initia concentration took place phaometricdly. The dilution row was
established using 10 mM Tris-HCI buffer, pH 8.5, and dil ution steps of 1:5. 5 ul of ead dilution was
used for a PCR readion. The amplified products were isolated by means of standard agarose gel
electrophoresig 1.5%(w/v) agarosa@els,andmadevisible usingthe GelstarNucleic Acid Gel Stain.
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421 Precision

For the acarragy, determination of the results attained with Venor®Mp, three concentrations (4.6 ng/ml,
0.9 ng/ml, 0.2 ng/ml) of a Mycoplasma pneumoniae DNA were used in 10mM of Tris-HCI buffer, pH
8.5 triple repeded for a PCR readion. The following gel evaluation took place opticdly and was
independently confirmed by threepeople. All three concentrations examined displayed equal strength in
eachrepetitionwithin thefluorescengel bandsNo recognizablaleviationsin thetestresultsarose

4.2.2 MiddlePrecision

The midde predsion of the Venor®Mp test system was determined on the basis of the reproducibility of
the test results by different persons on different days under use of varying laboratory equipment. Three
laboratory coworkers eat examined three different concentrations (72.0 ng/ml, 14.4ng/ml, 2.9 ng/ml)
of Mycoplasma pneumoniae DNA in 10mM of Tris-HCI buffer, pH 8.5.

Table5: Middle precisionof VenoPMp

D. Wachauf D. Vollenbroich Ch. Schramm
numberof testedconcentrations
numberof repetitions 1 1 1
positive 3 3 3
reproductibility 100%

The examined concentrations were equally deteded by all three laboratory coworkers. The natural
variance between the coworkers and the laboratory equipment employed does nat have any detedable

influenceon theresultsof the Veno"Mp testsystem.

423 Linearity

Thelineaity of aconventional PCR system shows up during optica evaluation of the gel picture by even
reduction of the fluorescence intensity of the bands on investigation of a dilution row. In this study the
dilution row of the DNA from Mycoplasma pneumoniae described above was used. To verify the results

thetestwasrepeatedy threelaboratorycoworkers.

All three coworkers obtained gel pictures which displayed bands of deaeasing intensity in the case of

decliningDNA concentrationsNo dilution causeda precipitousremovingof the fluorescenceignal.
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424 Detection limit

For regulatory purposes, the detedion limit of the Venor®Mp test system was determined using
Mycoplasma pneumoniae DNA with a concentration of 72.2 ug/ml, gradually diluted to 1:5 and then
submittedfor PCR.

Table6: Detectionwidth of VenoffMp

Venor®Mp
numberof testedconcentrations 15
numberof repetitions 3
positive 11
reproductibility 100%
upperdetectionlimit 72.2pg/ml
entsp.copiesperbeginning 4*10°
lower detectionlimit 1.5pg/ml
entsp.copiesperbeginning 8

The detedion range was located with 8 copies to 4*10° copies per PCR cycle. The detedion limit was
acceptedvith thetriple cut-offsandthusamounedto 24copiesperPCRcyclefor agueoususpensions.

4.3 Crossreactions

Mycoplasma pneumoniae are well-known for subspedes 1 and 2. These must be recognized reliably. For
commonpathogen®f therespiratorytract, acrossreactivitymustbeexcluded.

Table7: Crossreactivity of testedpathoges

Gram-negativBacteria Bacillus subtilis
Yeast Candida albicans
Mycoplasma M. hominis, M. fermentans, M. orale, M. salivarium,
Acholeplasma laidlawii (weak sequence homologiesin the P1 operon)

All pathogens of the respiratory trad spedfied in table 7 were negative in the Venor®Mp. The purified
DNA from Mycoplasma pneumoniae Subtype 2 came from the laboratory of Dr. Jorgen Jensen at the
National Serum Institute in Copenhagen, Denmark, and reated with Venor®Mp very positively. The
detectionimit for this subspeciesvascomparablevith thatof the Subtype 1.
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4.4 Stability
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For the stability determination, the Venor®Mp test system was exposed to temperatures of 25°C or 50°C

for durations of 1, 2, 3 or 4 weeks followed by the subsequent appropriate application.

Table 8:Result of the stability test after incubation at 25°C

Duration of the Incubation at 25°C [d] VenoPMp-Test Results
7 +++
14 +++
21 +++
28 -

Table 9:Result of the stability test after incubation at 50°C

Duration of the Incubation at 50°C [d] VenoPMp-Test Results
7 +++
14 +++
21 +++
28 +++

The investigation demonstrated that the Venor®Mp test system can be maintained over longer time
periods at high ambient temperatures withou loss of its qualitative dcharaderistics. The test system
resists an ambient temperature of 25°C during a period d 21 days. Therefore it can be transported over
far distances withou further coding. For dispatch o the test system into regions far removed, it is
recommended that a transportation fadlity is sleded, in which the test system is maintained for no
longer than 21 days at temperatures over +8°C. Venor®Mp olviously tolerates temperatures around 50C
better than more mild temperatures. At such temperatures the kit was gill applicable dter 28 days with
qualitatively high-quality results. During the summer time, transport vehicles achieve these higher
temperatures without cooling systems. The Venor®Mp test system is therefore stable during dispatch
withou codling, provided this does nat persist longer than 21 diys. However, the kit must subsequently
be stored at a maximum temperature of +8°C following transport.
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5. Discussion

The Venor®Mp PCR test system from the company Minerva Biolabs GmbH was validated as a valuable
instrument to the clinicd diagnaostics of human infedions by the pathogen Mycoplasma pneumoniae
within this study.

The PCR techndogy employed by the Venor®Mp is charaderised by a particularly high sensitivity. The
sensiti vity was determined with 8 copy/PCR beginning. The system works predsely as verified through
the inter-laboratory reproductibility of these investigastions. Thereby, it was clealy superior in
sensitivityto the establishedELISA method.

The linea detedion range from 8 to 4*10° genome copies/test beginning covers expeded titers typicaly
existing in clinicd samples. With high mycoplasma concentrations, as well as in the case of a positive
control, the intensity of the internal control band is reduced or is na recognizable. A repetition of the
test is nat required. The optimal performance of the PCR is confirmed by the band with a width of 207
bp (positiveresult).

The high spedficity of the Venor®Mp diagnaostic system was demonstrated through the test of the clinica
sampletrials. None of the tested common pathogens were deteded. None of the clinica samples resulted
in a false negative result by inhibitors of the sample matrices. All 7 pasitive samples contained M.
pneumoniae, asthe specificprobehybridizingexperimentshowed.

The outstanding suitability of the Venor®Mp Mycoplasma pneumoniae PCR Diagnostic Kit for the
confirmation of M. pneumoniae in throat swab samples can be definitively confirmed. The test is simple,
fast, highly sensitive and reliable. Particularly the dired proof of the pathogen is advantageous, as the
diagnostic window can be closed compared with antibody pointing systems. Venor®Mp is particularly
suitablefor the earlydiagnosisof a M. pneumoniae infectionthroughits high sensitivity.
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6. Declaration

| accept the responsibility for the content of this study and reassure this is a description of the methods
employed within the study, and that these results of the process reflect the raw data that was determined.

(f.\ ; 81_/—_ Berlin, 18.04.2001

Christine Schramm, Dipl.Ing. Place, Date

Research & Development
Minerva Biolabs GmbH
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