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a b s t r a c t
Detection of Mycoplasma pneumoniae by real-time PCR is not yet standardized across laboratories. We have implemented a standardization protocol to compare the performance of thirteen commercial and in-house approaches. Despite differences on threshold values of samples, all assays were able to detect at least
20 M. pneumoniae genomes per reaction.
© 2017 Elsevier Inc. All rights reserved.
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Mycoplasma pneumoniae is a leading agent of human respiratory infections. Symptoms range from mild and often undetected forms of
tracheobronchitis to interstitial pneumonia (Atkinson et al., 2008).
M. pneumoniae is responsible for 2–10% of all cases of communityacquired pneumonia. In epidemics which occur every 3 to 7 years, the
rate of pneumonia due to M. pneumoniae increased to more than 25%
(Dumke et al., 2015; Jain et al., 2015; Klapdor et al., 2012; Torres et al.,
2014). Additionally, extra-pulmonary manifestations of infections are
frequently described (Narita, 2016). Severe cases of pneumonia requiring intensive treatment of patients (Khoury et al., 2016) and the intrinsic resistance of the cell wall-less mycoplasmas to beta-lactam
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antibiotics require an early, speciﬁc and sensitive detection of
M. pneumoniae infections for targeted treatment. Unfortunately, cultivation of the micro-organisms is time consuming. Detection of speciﬁc antibodies is hampered by problems of test speciﬁcity, variability of
immunoglobulin responses in different age groups and after reinfections, the need of paired sera for the reliable interpretation of a seroconversion, and is often not suitable to conﬁrm an infection at the
onset of symptoms (Loens et al., 2010a). Nucleic acid ampliﬁcation techniques are currently considered the most reliable alternative for the appropriate diagnosis of M. pneumoniae infections and were characterized
as superior to serological methods (Chang et al., 2014), allowing a better
interpretation of results of serodiagnosis (Loens and Ieven, 2016). Despite the development of further test approaches such as the LAMP assays (Ratliff et al., 2014), real-time PCR applications are the most
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Hamburg, Germany) were used and repeated freezing/thawing of samples was avoided. Thawed samples were kept on ice and processed as
soon as possible. Testing was done within 2 month after receipt of samples. In all laboratories, real-time PCR runs for determination of standard curves or of test sensitivity were carried out at 5 different days
with 3 replicates of each dilution. For all runs, separate sample sets
were thawed. Together with a ﬁlled questionnaire (summarizing the
characteristics of PCR method used), results were reported to laboratory
no. 3. Mean CT-values and standard deviations for each dilution were
calculated and the number of genomes investigated was related to the
sample volume used per reaction. Standard curve of each real-time
PCR approach based on 5 tenfold dilutions of the DNA standard was determined and PCR efﬁciency was calculated (10 1/slope). Assay sensitivity
was deﬁned as range of number of genome copies of the highest dilution showing 100% positivity of the 15 replicates and of the next higher
dilution.
The characteristics of the real-time PCR methods included in the study
are summarized in Table 1. Despite the availability of different commercial assays (Loens and Ieven, 2016), most of the laboratories (12 out of
13) used in-house assays for the detection of M. pneumoniae (for assay,
target and corresponding reference, see Table 1). Cost requirements in
combination with the conﬁrmed sensitivity and speciﬁcity are reasons
for using in-house approaches. Furthermore, in 11 out of 13, the target
for ampliﬁcation was the well-characterized P1 adhesin although the
suitability of many other sequences for speciﬁc ampliﬁcation targets
have been described (Loens et al., 2010a; Waites et al., 2012). It should
be noted, that M. pneumoniae have been found as genetically stable
micro-organism (Lluch-Senar et al., 2015; Xiao et al., 2015) and the approaches tested in the study amplify conserved regions in the genome.
Different reports recommended the use of duplex or multiplex assays
allowing the detection of several agents of respiratory tract infections
(Diaz and Winchell, 2016; Loens and Ieven, 2016). In the present
study, 4 laboratories (no. 1, 5, 10 and 11, respectively) applied such an
approach. In laboratories no. 6 and 7 as well as in no. 12 and 13, the

commonly used approach for detection of M. pneumoniae clinically.
However, the variety of PCR instruments available, the use of varying reaction components and conditions, as well of the numerous targets described for ampliﬁcation make the quantitative comparison of results
between laboratories difﬁcult. Previous studies conﬁrmed differences
between real-time PCR approaches regarding clinical sensitivity, limit of
detection and crossing threshold (CT)-values (Chou and Zheng, 2016;
Dumke and Jacobs, 2009; Dumke and Jacobs, 2014; Schmitt et al., 2013;
Touati et al., 2009; Winchell et al., 2008; Zhao et al., 2012). In the 2
multi-centre studies for PCR detection of M. pneumoniae published up to
now, most participants reported qualitative data (Loens et al., 2010b)
or the number of participating laboratories was limited (Loens et al.,
2012). In the present study, the quantitative performance of current
real-time PCR approaches for detection of M. pneumoniae in thirteen
laboratories (Europe, Israel and USA) was investigated by using comparable samples and a standardized protocol.
The freeze-dried stocks of DNA standards of M. pneumoniae strain
FHT (ATCC 15531), each containing 1.0 × 108 genomes, were purchased
from Minerva Biolabs (Berlin, Germany). Rehydration, combining of all
stocks, aliquotation and pre-testing of sample were done in laboratory
no. 3. During November 2015, frozen aliquots with 1.0 × 108 genomes
in 100 μL DNA-free water (DNA concentration: 114.4 μg/mL) were distributed by courier to the laboratories taking part. Only samples that arrived to the participating laboratories in frozen condition were further
processed. In parallel, an instruction manual was sent to all participants
of the study. For determination of the standard curve, the sample was
diluted tenfold with DNA-free water (1:10 to 1:10,000; avoidance
of CT -values N35), divided to enable 7 separate runs and stored at
−20 °C. Moreover, 2 additional 1:10,000 dilutions were prepared.
For determination of sensitivity, these 1:10,000 dilutions were diluted
with DNA-free water to compass a reduced positivity of test results
(at least: 1:10; 1:50; 1:100; 1:500; further dilution steps depend on
the PCR approach used), aliquoted for 7 runs and stored at −20 °C (between 2 and 8 weeks). Tubes with low DNA binding (Eppendorf,

Table 1
Characteristics of real-time PCR assays investigated.
Lab no.

Assay (manufacturer or reference)

Target

Thermocycler

Internal control

Sample volume/reaction

No. of cycles

Reagent mix

1

In-house (Thurman et al., 2011)

CARDS toxina

ABI7500

Yes

5 μL

45

2

In-house (Touati et al., 2009)

P1 adhesinb

LightCycler 480

Yes

5 μL

50

LightCycler 1.2

No

5 μL

45

PerfeCTa multiplex
qPCR supermix (Quanta
Biosciences)
LightCycler 480 probes
master kit (Roche)
LC FastStart DNA master
HybProbe (Roche)
qPCR mastermix-no ROX
(Eurogentec)
Express qPCR supermix
universal (Invitrogen)
SYBR FAST qPCR master
mix (Kapa Biosystems)
SYBR FAST qPCR master
mix
Platinum hot start PCR
master mix (Invitrogen)
LightCycler 480 probes
master kit
r-gene ampliﬁcation
premix (Argene)
Rotor-Gene multiplex
PCR kit (Qiagen)
Taqman mastermix
(Applied Biosciences)
Universal mastermix
(Lifetech)

c

3

In-house (Dumke et al., 2007)

RepMP1

4

In-house (Hardegger et al., 2000)

P1 adhesin

iCycler (CFX96)

Yes

5 μL

45

5

In-house (Gullsby et al., 2008)

P1 adhesin

Rotor-Gene 3000

No

5 μL

50

6

In-house (Averbuch et al., 2011)

P1 adhesin

ABI7500

No

6 μL

42

7

In-house (Averbuch et al., 2011)

P1 adhesin

Rotor-Gene 6000

No

2 μL

42

8

In-house (n.a.d)

P1 adhesin

ABI7500

Yes

5 μL

50

9

In-house (Ursi et al., 2003)

P1 adhesin

LightCycler 480

Yes

4 μL

45

P1 adhesin

LightCycler 2.0

Yes

10 μL

45

e

10

Commercial (Argene)

11

In-house (Ling and McHugh, 2013)

P1 adhesin

Rotor-Gene 6000

Yes

5 μL

45

12

In-house (Spuesens et al., 2010)

P1 adhesin

ABI7900HT

No

5 μL

40

13

In-house (Spuesens et al., 2010)

P1 adhesin

LightCycler 480

Yes

20 μL

45

a
b
c
d
e

Gene: mpn372 (community-acquired respiratory distress syndrome toxin).
Gene: mpn141.
Copies of repetitive element RepMP1.
No reference available.
Chla/Myco pneumo r-gene.
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1
2
3
4
5
6
7
8
9
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r2

PCR
efficiency

0.9955
0.9999
0.9995
0.9996
0.9980
0.9996
0.9822
0.9997
0.9896
0.9999
1
0.9995
0.9998

2.171
1.955
1.936
1.891
1.898
1.891
1.692
1.964
1.760
1.834
2.019
1.955
1.878

3

Assay sensitivity
(genomes per
reaction)

1-5
0.5 - 1
1-5
1-5
1-5
1-5
0.4 - 2
1-5
1-4
2 - 10
1-5
1-5
4 - 20

Fig. 1. Illustration of standard curves of real-time PCR approaches obtained after investigation of 5 tenfold dilutions of M. pneumoniae FH DNA standard (means and standard deviation of
CT-values), kinetics of standard curves and sensitivity of assays (given range represents lowest number of genomes resulted in 100% positive replicates and the number of genomes in the
next lower dilution investigated).

same primers were used with different reaction conditions and cycler
types. Eight laboratories included an internal control in their assays
and the sample volume per reaction ranged from 2 to 20 μL. As expected, a broad spectrum of PCR instruments was used for ampliﬁcation.
However, standard curves covering 5 log units (corresponding to numbers of genomes between 50 and 10 000,000 per reaction) resulted in
excellent correlation coefﬁcients between 0.9822 and 1 (Fig. 1). In contrast, greater differences between the calculated PCR efﬁciencies were
determined varying between 1.692 (laboratory 7) and 2.171 (laboratory
1), respectively. Furthermore, substantial differences of mean CT-values
of comparable numbers of genomes were measured. Interestingly,
these differences had a limited inﬂuence on sensitivities since the method in laboratory no. 5 (lowest mean CT-values; Fig. 1) demonstrated a
sensitivity of 1 to 5 genomes per reaction which was comparable to
the other approaches included in the study. Overall, the estimated sensitivities ranged between 0.4 and 20 genomes per reaction and are
largely in agreement with the sensitivities reported previously for the
assays (Averbuch et al., 2011; Dumke and Jacobs, 2014; Gullsby et al.,
2008; Thurman et al., 2011; Touati et al., 2009).
Despite a relatively limited number of ampliﬁcation targets, the approaches included here represents the broad spectrum of assays in use
worldwide. Many of laboratories in this study are well-experienced in
the detection of M. pneumoniae and some of which serve as reference
centers. Further studies are necessary to determine the quantitative
performance of methods used outside of these specialized laboratories.
Several reports (Dumke and Jacobs, 2009; Dumke and Jacobs, 2014;
Touati et al., 2009; Winchell et al., 2008; Zhao et al., 2012) described signiﬁcant differences of the measured CT-values if different target sequences were ampliﬁed under relatively comparable conditions (PCR
instrument, master mix), complicating the comparison of CT-values between laboratories. Bacterial load may be important to correspond to
the severity of the M. pneumoniae infections clinical course (Jiang
et al., 2014; Nilsson et al., 2010). Additionally, quantitative data may
be used to distinguish between asymptomatic carriers and clinically relevant infections (Spuesens et al., 2013), thus our results are practically
important if CT-values of different real-time PCR assays will be compared. Interestingly, the ampliﬁcation of a multi-copy target (repetitive
element RepMP1; laboratory no. 3) was not found to be more sensitive
than many approaches using single-copy sequences and conﬁrmed the
importance of further variables for test performance.
The results of the multicenter study for detection of M. pneumoniae
by real-time PCR revealed differences of CT-values obtained from samples with same number of genomes, of PCR efﬁciency and of assay sensitivity. Nevertheless, we found that all test systems are able to detect at
least 20 genomes per reaction which can be considered as acceptable for

the routine diagnostics. The results of the present report could serve as
bench mark for epidemiological and clinical studies. Data are helpful to
evaluate quantitatively the sensitivity and the extent of variation of CTvalues which should be expected when using different real-time PCR
approaches to detect M. pneumoniae in human respiratory samples.
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