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The dinicd diagnostic kit Venor®Mp was provided for evaluation by Minerva Biolabs
GmbH. Venor®Mp, registration number DE/CA73/084175 prodwced in acordance with VD
98/79EU for the detedion d the respiratory trad pathogen Mycoplasma pneumoniae by
means of PCR. The comparative investigation was conducted in acordance with the instruc-
tion d the product and in conformity with the DIN EN 45001acaedited Quality Management
Systems of Dr. A. Roth.

| nvestigation material and methods

The investigation was condwcted onthe basis of 172frozen DNA extrads. 105gargeled fluids
from the throat (GF), 45 lronchoalveolar lavage fluids (BAL), 9 nasopharynged aspirates, 4
proteded brush spedmens, 7 sputa and 2 peuracentesis had been oltained from 149 in-
patients and examined by means of an in-house PCR. From 7 petients with evidence of my-
coplasma DNA from materias of the dee respiratory trad (6 BAL, 1 throat swab and 1
sputa), it was additionally possble & the same time to oltain GF samples. Furthermore, from
6 patients with an initial positive PCR result, additional sample material (2 BAL und 5GF)
was obtained after amean of 12.9 dys of treament and submitted for a second PCR evalua-
tion. A control groupwas formed from 16 BAL patients with interstitial lung disease of non
infedious etiology.

The in-house PCR, followed by nonradioadive detedion o the amplicon by means of dat-
blot hybridization, spedfies a DNA fragment in the ATPase operon from M. pneumoniae
(primer gdlightly modified after Bernet C et al., 1989,Detedion d Mycoplasma pneumoniae
by using the paymerase dhain readion. J Clin Microbiol, 27:.24922496. Five ul and 0.5yl
DNA in a 50 pl PCR readion mix were analyzed. Only if the readion with 5 ul DNA was
pasitive was the result depicted as (+).

The Venor®Mp diagnostic kit consists of 4 color indicated comporents (the PCR buffer, the
primer nucleotide mixture, the positive wntrol as well as the internal control), which together
constitutes a PCR readion mix withou Taq pdymerase for performing a cmpetitive PCR.
The paymerase must be procured by the user and is nat suppied with the kit. In this investi-
gation the polymerase used was from the cmpany Pharmada. The latter 3 o the a&ove-
mentioned comporents must be rehydrated with water before use (volumes of either 130l or
300 ). In further procealings, the method corresponds to a dasscd PCR, whereby the PCR
products are evaluated after 35 amplification cycles in a cnwventional ethidium bromide
stained agarose gel eledrophaesis. A smaler volume of 2.5 pl DNA than that indicaed in
the manual (5 pl) was analyzed in a 25 pl PCR readion mix.

In perallel to the DNA spedmen colledion, an aaute serum was taken from al patients and
tested onthe basis of a particle immunaassay (PIA) from the company Mast Diagnaostica The
time diff erence between PCR samples and serum was lessthan 5 days; onaverage + 1.2 chys.
A foll ow-up serum was avail able from 26 patients in the mnvalescence phase. Titers of 1:160
to 1320 were mnsidered borderline. Titers of or larger than 1:640 were interpreted as defi-
nitely positive, which was the cae with 39 mtients. Clinicd data was colleded from patients
with a positive PCR, baderline serology (only such with atiter > 1:160) or a positive anti-
body test in order to better understand any discrepancies of the two methods, as well as to get
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the time interval between the beginning of the ill nessand the point of the investigation. The
charts of patients with negative PCR and regative serology were not clinicadly analysed, so
that it cannat be excluded, die to a potential false negative PCR in ore or another case, that
an aaute mycoplasmainfedion could have been present before antibody formation. Therefore,
the dinicd sensitivity of the PCR canna be cdculated with resped to the entire wlledive of
149 ptients.

Results and Discussion

In view of the provided realy for use reggents and the manufadurer’s quality-assurance, the
exeauition o the Venor®Mp diagnostic kit was substantially easier than the in-house method.
Detedion by means of eledrophaesis even invaves less manua inpu than with a dotblot
hybridization, and it offers the large alvantage of rapidity (40 min.). The PCR and eledro-
phaesis can be exeauted in 2 hours (hands-on time for 24 samples: 15 minutes for the PCR
and 20 minutes for eledrophaesis). Extradion d the DNA from 24 samples can be per-
formed in 2 to three hous depending uponthe method. Eledrophaesis is also considerably
lessexpensive than any other method, mrticularly than hybridization. An example of an elec
trophaesis produced in this gudy is siown in Figure 1: (i) the spedfic band after PCR ampli-
ficaion d M. pneumoniae DNA (207 bp can be deteded very clealy, (ii) it can be very well
distinguished from the amplificaion band d the interna standards (inhibitor control) and (iii )
a semi-quantitative estimate of the DNA in the sample, which can be further verified, is pos-
sible based onthe relation d two bands grength to eat ather (competitive setup, seelanes 3
and 4with moderately paositive samples and lanes 6 and 8with highly pasiti ve samples).

Figure 1. Gel eledrophaesisfrom 12 patient samples by PCR amplificaion by means of
Venor®Mp diagnostic kit

1 2 3 4 5 6 7 8 9 10 11 12 13

Lane 1: 100 bpMarker;
Lanes2,5,7,and9to 13
negative samples; lanes 3
and 4 moderately positive
and lanes 6 and 8 strongly
positi ve sampl es.

<— 263 bp(Int. Standard),
207 bp(spec band)
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The results determined with 172 samples are represented in Tab. 1, including the patient
samples indicaing the curse of the mycoplasma infedion after treament. 43 samples were
determined to be positive with bah PCR methods while 123 correspondng samples were
negative. All 16 samples of the control group were likewise negative with bah PCR methods
(97% agreament for the two PCR procedures with atotal of 188 samples).

With 35 ptients (38 sam-

Tab. 1. Agreement of the r&ults_ of the Ven_or®l_\/lp PCR ples) correspondng to a

procecjure W.Ith comparison analysis (in-house titer greder than 1:320

PCR) inrelation to serology. and with bah PCR proce

dures positive for the

Number Serology of ~ Both PCR Only in- pathogen, ore deduced

of the patient methods house that a mycoplasma infec

Samples  andtiter  correspondng PCR tion was present. The

positively positive 2 clinicd and laboratory

Negative diagnostic  findings of

these patients were @m-

79 <1:40 1 - patible with mycoplasma

1:40 ) ) pneumonia. The samples

for the PCR were ob-

1:80 0 - tained from these patients

Indetermin- not later than 2 weeks

able after the beginning of the

illness or nat later than 5

12 1:160 1 ) days after beginning of

15 1:320 7 - tregament. From Tab. 1,

Positive one can ?nfer that ir_l some

cases with baderline or

11 1:640 7 positive  serology, the

: pathogen could nda be

12 1:1280 ° deteded by means of PCR

2 1:2560 1 - (see omments Tab. 2,

11 1:5120 5 1 Groups 2, 3 and 4.

Three samples were pos-

6 1:10240 6 - itive in the PCR while

1:20480 3 - negative in the serology.

. The results of 26 samples

1:40960 4 2 (24 ptients), with which

172 43 6° discrepancies  occurred

L 123 d the examined samples were in negative areement through between ore of the three

" both PCR methods. methods, are more pre-

o _ o B cisely represented in Tab.

© With rone of the exammeq samples was only the Venor~Mp pasitive 2 concerning the dinicd
and the internal PCR negative. L

. _ data and the paint in time

: 1 BAL and 5GF, 2 o these 6 samples were obtained after 10 days of the sample production

treadment (seeTable 3.)

in relation to the begin-
ning of the illness
(process smples obtained dredly after treament were excluded; see below explanations to
Table 3): the samples are divided in four groups and the evaluation d the results are described
in the right column.
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Tab. 2: Discrepancy of results with the mmparison d the in-house PCR, the Venor®Mp
PCR procedure and serology.
Patient PCR Serology (PIA)
No. Age Mate In-house Venor®Mp Acuteserum  Follow-up  Group and Comment 2
rial !
12 28 BAL + + 1:40 1:12800 1. Negative serology or paositive PCR
after titer increase, clinicdly aaute
65 33 Sp + ++ 1:160 1:1280 Mycoplasma pneumonia. The
139 36 GF + + 1:40 1:40 PCRisacairately postlye inthe
aaute phase of the infedion.
151 36 GF + + Neg -
25 31 GF Neg Neg 1:1280 1:640 2. Negative PCRand increased titers.
The samples for the PCR were ob-
35 8  GF Neg Neg 1:1280 - tained later than 2 weeks after the
: ) beginning of the ill nessor after
60 1 GF Neg Neg 1:5120 more than 5 days foll owing com-
60 1 GE Neg Neg 1:5120 - mencement of treament. With 7
patients no pneumoniawas pre-
69 22 GF Neg Neg 1:320 1:80 sent (bronchitis) and no antibiotic
] was administered. The PCRisac
101 26 GF Neg Neg 1:640 i curately negative to a high degree
102 15 GE N N 1:320 _ of probability when spedmens are
= = obtained late or after treament.
108 12 GF Neg Neg 1:320 -
110 41 GF Neg Neg 1:640 1:320
116 19 GF Neg Neg 1:320 -
117 46 GF Neg Neg 1:2560 1:640
118 55 GF Neg Neg 1:320 1:320
131 24 GF Neg Neg 1:320 -
31 15 GF (+) Neg 1:1280 - 3. Only thein-house PCRiswe&kly
pasitive, increased titers. The
36 15 GF +) Neg 1:640 1:320 PCR samples were obtained in the
3 : ) aaute phase of a dinicdly deter-
81 % BAL +) Neg 1:1280 mined mycoplasmainfedion and
122 20 GE (+) Neg 1:5120 - before ommencement of tred-
ment. The Venor®Mp PCRis
false negative.
81° 35 GF Neg Neg 1:1280 - 4. Both PCR procedures are nega-
3 tive, increased titers. The PCR
98" 46 GF Neg Neg 1:5120 - samples were obtained in the
) ) aaute phase of a dinicdly deter-
182 42 GF Neg Neg 1:320 mined mycoplasmainfedion and
134 36 GF Neg Neg 1:320 - before ommencement of trea-
ment. Both PCR procedures are
136 53 GF Neg Neg 1:640 - false negative.

L (+): only the PCRwith 5 il DNA additi on was positive. In contrast, the PCR with 0.5 ul DNA was negative.

2.

False negative results of the PCR or the serology are indicated in bold print.

% With this patient the sputum (No. 81) and the BAL (No. 98) were pasitive with bath PCR procedures.
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Together with the dove-mentioned 35 mtients and the 10 patients from Tab. 2 (Groups 1, 3
and 4 excluding Patients No. 81 and 98,which were dready acournted for with the 35
tients) 43 matients had an adive mycoplasma infedion, which was not older than 2 weeks at
the paint in time of the sample wlledion and treaed for not longer than 5 days (51 samples).
Five of these 51 samples were not deteded as paositive both by the in-house and the Ve
nor®Mp PCR (see Tab. 2, Group 4. Furthermore, 4 samples with very wes pasitive results
from the in-house PCR could na be deteaed with the Venar®Mp procedure. Thus 46 o the
51 samples (90%) were positive by means of in-house PCR and 42samples (82%) were posi-
tive by means of the Venor®Mp PCR. The in-house PCR was positive with at least one of the
40 samples from the 43 patients (93%), and the Venar®Mp PCR was positive with 37 mtients
(86%). It shoud be noted that in the comparison d a hybridization detedion method and an
eledrophoretic method, a higher sensitivity within the hybridization shoud be expeded. Yet,
the Venor®Mp PCR displays smilar levels of sensitivity as the in-house method. This may be
due to the fadt that Venor®Mp uses a repetitive gene for amplification, and that the anplifica
tion efficiency was highly optimized. Tab. 2further shows that from the investigation d aaute
serum, the serology produced a false negative result in 3 cases at the point in time of the diag-
nostic eforts, and gave an ambiguous result in ore patient sample. Additionaly, we can state
that nore of the pasitive PCR results were false positive (spedficity 100%) because dl PCR
positive patients had — with high probability on grounds of serologicd and clinicd signs -

mycoplasma pneumonia, as discussed

above (with 2 patients, No. 139 and
151, serology was negative and a titer
increase wuld be verified).

Tab.3: Influenceof the treament onthe PCR
results (process smples)

Patient PCR A GF could be obtained at the same
No. Age Daysafter Mate- In- Venor®  PIA time from 7 petients with confirmed
treament riad house Mp mycoplama by means of PCR using
began sample materials from the deep respi-
ratory system (6 BAL, 1 throat swab
14 46 BAL  + + 110240 and 1 sputum). 5 o these patients
20 BAL  + (+)  1:20480 were dso pasitive in the GF, and 2
patients were negative in the obtained

26 31 BAL  + + 1:10240 GF (Tab. 2,No. 81and 99.

20 GF Neg Neg 1:5120 , o
Tab. 3 lists the samples depicting the

course of the ill ness following tred-

6 3 > * o 1:160 ment (average of 12.9 dys) from 6
7 GF Neg Neg 1:1280 patients with an infedion confirmed

by both pasitive PCR and paitive

98 46 BAL +  ++ 15120 serology. The pathogen concentration
10 GF Neg Neg 1:5120 noticably drops very rapidly under the

PCR detedion limit after the com-

105 33 BAL ¥ ¥ 1:40960 mencement of treament. Although

only a few patients here examined,
the results of Tab. 3indicae that the
PCR can be regarded as a spedfic

10 GF () Neg 1:40960

128 64 GF o+ 4 13120 method for the ealy diagnostics of an
10 GF (¥} Neg 1:40960 aaute infedion. All BAL of the @n
13 BAL Neg Neg 1:40960 trol group was likewise negative. The

concen that the spedficity of the
PCR may be influenced by fase
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paositive results with hedthy carriersis clealy weakened by the results presented here.

Patients with preumonia usualy display symptoms during alonger duration urtil hospitali zed
or recave treament as out-patients. This is consistent with the fad that in the predominant
number of samples pedfied in Tab. 2 (Group 2, no DNA of the pathogen was detedable
despite high antibody titers of the patients. However, it canna be definitively answered
whether this was due to a late pant in time of the sample wlledion, a by the asence of the
pathogen in the upper respiratory trad, or by too small a sensitivity of the PCR. It is remark-
able that GF was amost exclusively affeded by discrepant results, while BAL, which consti-
tuted amost a third of the investigated speamens, reveded a false negative result in nocase
with the in-house PCR and in ore cae with Venor®Mp. This paints into the diredtion that a
higher sensitivity can be adieved with materials from the deeo respiratory trad, at least with
resped to preumonia, and that the pathogen density is not always high enough in GF for de-
finitive detedion by PCR. Likewise it is very important to oltain the investigative sample &
ealy as possble dter the beginning of the disease. One can conclude the PCR could have a
substantiall y higher sensitivity than serology with ou-patients.

Evaluation

This investigation shows that the diagnostic kit Venor®Mp is a sensitive and very spedfic
procedure for detedion d aaute mycoplasma infedions. The method dfers in particular the
advantage of speed for patients gill | acking antibody formation a those with low antibody
titers at the beginning of the ill ness Contrary to indired methods for pathogen detedion, Ve-
nor®Mp can be used effedively to confirm suspeded infedion through the high spedficity of
the PCR method. The ill ness however canna be fully excluded by a given negative result.
The internal control of the kit offers, in addition to the alvantage of the internal control of
eat individua amplificaion, the alvantage of a semi-quantitative determination d the
pathogen. If necessary, this could also be used for therapy control.

This latter fad and the information which resulted from this investigation concerning the
sample preparation, shoud be further spedfied in the Instruction Manual of this diagnostic
kit. It shoud also be noted that the methodladks a sequence analysis procedure (e.g. hybridiz-
ing with a probe), and particular attention must therefore be given to the estimation d the
corred size of the 207 bpamplicon (dired proximity to the anplicon d theinternal standard).

The product Venor®Mp can be cetified for very good suitability and pradicability for the
dired detedion d Mycoplasma pneumoniae in materials of the upper and lower respiratory
trad.

Berlin, March 11, 2002

Dr. med. A. Roth Prof. Dr. med. H. Mauch



