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Abstract Between April 2002 and March 2003, to detect
Mycoplasma pneumoniae by polymerase chain reaction
(PCR), a primer set designed for the 16S rRNA gene was
used to examine clinical samples from 369 children with
community-acquired pneumonia. Samples were collected
from 12 Japanese institutions participating in a study group
concerning acute respiratory infectious diseases. The sensi-
tivity of primers – 2 CFU per reaction tube, using M.
pneumoniae M129, a standard strain – was calculated to
represent 1.1 � 103 M. pneumoniae organisms adherent to
the tip of the swab used to collect clinical samples. Results
for PCR were obtained within 2.6h. Cases identified by
PCR, cultures, and serologic tests were 68 (18.4%), 53
(14.4%), and 76 (20.6%) respectively. Among 57 PCR-posi-
tive patients tested serologically, 56 showed a significant
elevation or rise in antibody titer. PCR positivity was high
among patients prescribed �-lactam antibiotics (86.7%) or
no antibiotic (87.0%) before PCR analysis, but was low
among patients receiving macrolides, new quinolones, or
tetracyclines (37.5%). We concluded that the PCR con-
structed by us had a high probability for confirming a
diagnosis of M. pneumoniae pneumonia and for guiding
antibiotic choice for patients not yet treated.
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Introduction

Mycoplasma pneumoniae is one of the most common causes
of atypical pneumonia among children1–5 and young
adults.6,7 In cases of community-acquired pneumonia
(CAP), this infection is provisionally diagnosed from chest
radiographic abnormalities, cough, fever, white blood cell
(WBC) counts, and C-reactive protein (CRP) concentra-
tion at the time of the first patient visit. The diagnosis is
confirmed subsequently by a rising or high antibody titer.2,5

In several recent studies, M. pneumoniae detection by
polymerase chain reaction (PCR) has been described as an
alternative to the cultivation of the microorganism, which
requires up to 1 week.8–13 Multiplex PCR for simultaneous
detection of M. pneumoniae and Chlamydia pneumoniae
has also been reported.14–16 However, these PCR techniques
seemed to be complex, requiring excessive time for a
routine clinical test.

Correlation between PCR and culture results for M.
pneumoniae has been uncertain, although a relationship
between PCR results and antibody titers has been reported
by other investigators.17–21

We sought to identify M. pneumoniae, in clinical samples
collected from pediatric patients with CAP, by PCR using
new primers that we have designed, while also carrying out
conventional examination by culture for M. pneumoniae.
The PCR results were compared with those from cultures
and from antibody titer determinations. We also examined
the influence of oral antibiotics, prescribed before samples
were taken for PCR, on the results obtained with this
method.

Patients, materials, and methods

Patients and clinical samples

A study group concerning acute respiratory diseases
(ARD) was organized by the authors, with the aim of
increasing the accuracy of rapid definitive diagnosis, using
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PCR. Participating pediatricians and medical institutions
included Drs. Satoshi Iwata (head of the study group;
National Tokyo Medical Center), Hiroko Endo (Tohoku
Rosai Hospital), Tomohiro Oishi (Department of Pediat-
rics, Joetsu General Hospital), Shigeru Ohnari
(Nakafukawa Pediatric Clinic), Naohisa Kawamura (Osaka
Rosai Hospital, Osaka Medical College), Haruo Kuroki
(Nagatsu-kai Saitoh Hospital), Masaaki Kobayashi
(Kobayashi Pediatric Clinic), Kouta Saito (Saito Pediatric
Clinic), Ritsuko Sakai (Sakai Clinic), Keisuke Sunakawa
and Masato Nonoyama (Department of Infectious Dis-
eases, Kitasato University School of Medicine), Takeshi
Tajima (Hakujikai Memorial Hospital), and Masahiko
Nitta (Osaka Medical College, Seikeikai Hospital).

After informed consent was obtained from the patients
and/or parents or guardians, clinical samples were collected
using a sterile swab (Nippon Becton Dickinson, Tokyo,
Japan). Samples were collected from patients under 16
years old diagnosed with CAP, based upon chest radiogra-
phy, physical findings, and symptoms when they were first
evaluated at a participating medical institution.

Between April 2002 and March 2003, samples from a
total of 369 patients, including 349 nasopharyngeal secre-
tion samples, 8 throat swabs, and 12 sputum samples were
sent by participating physicians to our laboratory (Infec-
tious Agents Surveillance, Kitasato Institute for Life
Sciences), within 24h of collection, for PCR analysis.

Preparation of samples before PCR

Samples suspended in 1.5ml of pleuropneumonia-like
organism (PPLO) broth (Difco Laboratories, Detroit, MI,
USA) containing 0.7% glucose were centrifuged at 4°C at
5000rpm for 5min to collect ciliated epithelial cells from
samples. Pelleted material (150µl) remaining after discard-
ing the supernatant was mixed gently, and 5µl was added to
a 0.5ml microtube containing 30µl of lysis solution.22 The
tubes were placed in a thermal cycler (Gene Amp PCR
System 9600-R; Perkin-Elmer Cetus, Norwalk, CT, USA)
for lysis at 60°C for 20min and 94°C for 5min to obtain
template DNA.

PCR

PCR was performed using a new set of primers that we have
designed, based on the 16S rRNA gene23 of M. pneumoniae,
according to the methods described previously.24

The sense primer was Mpn-S: 5�-G77TAATACTTTA
GAGGCGAACG97-3�, while the reverse primer was Mpn-
R: 5�-T301 ACTTCTCAGCATAGCTACAC281-3�.

Each reaction tube contained 30µl of reaction mixture,
consisting of 100µl of � 10 reaction buffer (100mM Tris-
HCl at pH 8.9, 800mM KCl, 15mMMgCl, 2.1% Triton
X-100, 1% sodium cholate, and 5mg/ml bovine serum albu-
min), 100µl of 25mM dNTP mixture, a 600-ng concentra-
tion of each primer, and 40U Tth DNA polymerase per ml
(Toyobo, Osaka, Japan). A DNA sample (2µl) was added
to each tube of reaction mixture. Conditions for 35 PCR

cycles were 15s at 94°C, 15s at 53°C, and 15s at 72°C; initial
denaturation of DNA and final extension were carried out
for 2min at 94°C and for 2min at 72°C, respectively. The
PCR products were separated by 3% agarose gel electro-
phoresis. The theoretical length of the DNA fragment ob-
tained by PCR was 225bp, and the total time required for
PCR was 2.6h. The sensitivity of the primers was 2 CFU
(colony-forming units) per reaction tube for M. pneumoniae
M129, a standard strain, which was calculated to correspond
to 1.1 � 103 organisms per swab in a clinical sample, as
previously reported.25

Cultivation of M. pneumoniae

M. pneumoniae was cultured using PPLO broth supple-
mented with 20% horse serum, 2.5% yeast extract, 0.5%
glucose, 0.002% phenol red, 0.025% thallium acetate, peni-
cillin G (1000 units/ml), and cefotaxime (150µg/ml) in ac-
cordance with conventional culture methods. Each sample
described above under “Preparation of samples before
PCR” was cultured in PPLO broth and PPLO agar for 12 to
13 days at 37°C in a humid atmosphere. PPLO agar was
used for counting M. pneumoniae colonies. Then broth cul-
tures suspected to show Mycoplasma positivity, based on a
change of broth color to yellow, were spread directly on
PPLO agar plates and cultured for colony isolation. Colo-
nies were stored at �80°C for subsequent identification of
M. pneumoniae, according to the Manual of clinical micro-
biology, 8th edition.26

Cultivation of Streptococcus pneumoniae and
Haemophilus influenzae

S. pneumoniae and H. influenzae were cultured routinely
with biological methods, using sheep blood agar (Nippon
Becton Dickinson, Tokyo, Japan) and chocolate agar plates
(Nippon Becton Dickinson) at 37°C in an atmosphere con-
taining 5% CO2.

Serology

Antibody titers against M. pneumoniae in serum samples
from each patient were determined by complement fixation
(CF) or passive agglutination (PA) tests performed rou-
tinely at each institution. Infection with M. pneumoniae was
confirmed serologically by a fourfold rise in the titer for
paired sera, and titers of at least 1 :64 by CF or 1 :320 by PA
for single sera.

Results

PCR results

Figure 1 shows the results of PCR performed, using our
primer set, to detect M. pneumoniae in clinical samples.
Lanes 5 and 7 show a 225-bp DNA fragment corresponding
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Fig. 1. Positions of DNA fragments amplified by polymerase chain
reaction (PCR). M, size markers

Table 1. Results of PCR and PPLO broth cultures for Mycoplasma
pneumoniae

PCR Culture Total

Positive Negative

Positive 52 (14.1%) 16 (4.3%) 68 (18.4%)
Negative 1 (0.3%) 300 (81.3%) 301 (81.6%)

Total 53 (14.4%) 316 (85.6%) 369

PCR, polymerase chain reaction; PPLO, pleuropneumonia-like
organism

Fig. 2. Correlation between results of PCR and pleuropneumonia-like
organism (PPLO) agar cultures for Mycoplasma pneumoniae (black
filled circles, means; bars, SD)

to the 16S rRNA gene of M. pneumoniae. The sensitivity of
the primers was described in the “PCR” section above. No
amplification of nonspecific DNA fragments was observed
to suggest Gram-positive or -negative bacteria causative of
respiratory tract infections (RTI).

Correlation between PCR and cultures for
M. pneumoniae

Table 1 shows the PCR and conventional culture results in
clinical samples from 369 children diagnosed with CAP. Of
these, 68 cases (18.4%) were PCR-positive and 53 (14.4%)
were culture-positive. Only 1 case was PCR-negative and
culture-positive.

In considering the relationship between approximate
DNA amount amplified by PCR and the number of CFUs
in the 52 culture-positive samples, the density of the ampli-
fied DNA fragments was categorized, based on comparison
with the 200-bp DNA marker, as follows: ���, density
greater than that of the marker; ��, density less than that
of the marker; and �, identified with certainty, but with
only slight density. Numbers of M. pneumoniae cultured
from samples were expressed in CFUs. As shown in Fig. 2,
a strong positive correlation was obtained between CFU
and DNA fragment density by PCR (r � 0.9996).

It was shown that PCR could detect M. pneumoniae with
a very high probability if 2.59 log10 (4 � 102) CFU or more
M. pneumoniae adhered to the tip of the sample collection
swab.

Effect of antibiotics prescribed before the sampling
for PCR

Table 2 shows the antibiotics prescribed for patients before
they presented to member institutions, together with the
PCR results and antibody titers. Serologic tests were
performed in a total of 77 patients, including 20 in whom
there was a strong suspicion of acute infection with M.
pneumoniae, based on clinical symptoms despite being
PCR-negative. Seventy-six of these 77 patients showed sig-
nificant antibody titer elevation for M. pneumoniae.

Patients who had received no antibiotics, or those who
had been prescribed oral �-lactam antibiotics, were highly
likely to be PCR-positive (20/23; 87.0% and 26/30; 86.7%,
respectively). However, patients who had received
macrolides, new quinolones, or tetracyclines between 1 to 5
days before sampling for PCR were much less likely to be
positive (6/16; 37.5%).

Age distribution at diagnosis with
M. pneumoniae pneumonia

Table 3 shows the age distribution of the 76 patients diag-
nosed with M. pneumoniae pneumonia based on a rising or
high antibody titer for M. pneumoniae together with PCR
results, considering all 369 cases of CAP.

The incidence of M. pneumoniae CAP increased gradu-
ally with age, and half of the CAP cases in children over 6
years old (mean, 6.7 years) were caused by M. pneumoniae.

WBC count and C-reactive protein (CRP) in patients with
M. pneumoniae pneumonia

Figure 3 shows the mean WBC count and CRP values in 76
patients when they first visited member institutions. The
median WBC count and median CRP concentration were
6600/mm3 and 1.8mg/dl. The values of the 25th percentile
and 75th percentile for the WBC count were 5188/mm3 and
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8125/mm3, and those for CRP were 0.88mg/dl and 3.54mg/
dl. Five patients showing a WBC count of 10000/mm3 or
more were found to have coinfection with other pathogens
(S. pneumoniae in 4, H. influenzae in 1).

Discussion

M. pneumoniae is a common cause of community-acquired
atypical pneumonia, as are C. pneumoniae and Legionella
pneumophila.14–16 Conventional PPLO cultures, which re-
quire several days, are performed only infrequently; more
often, a clinical diagnosis is confirmed subsequently by sero-
logic tests with paired sera.2,5 The chemotherapeutic agents
used against M. pneumoniae differ from those used against
S. pneumoniae and H. influenzae, so accurate diagnosis is
needed in the acute phase.

To accomplish timely diagnosis, detection of M.
pneumoniae by PCR has been attempted by some au-
thors,9,18–21 but routine clinical application requires more
rapid and simple techniques. We are currently seeking to
establish PCR methods that can simultaneously detect the
main causative bacteria of RTI at the time of initial out-
patient medical examination. These bacteria include six
microorganisms: S. pneumoniae, H. influenzae, Streptococ-
cus pyogenes, M. pneumoniae, C. pneumoniae, and L.
pneumophila. Reaction mixtures and procedures for these
agents were set up using the same conditions. For conve-
nience and high PCR sensitivity and specificity, Tth poly-

merase was used instead of Taq polymerase in our method;
the sensitivity of PCR using Taq polymerase was found to
be lower than that with Tth polymerase in preliminary ex-
periments with a standard strain (data not shown).

It is desirable to have a minimal number of steps for
obtaining PCR results. We successfully devised a four-step

Table 3. Age distribution of patients with M. pneumoniae infection
diagnosed using PCR and serologic testing

Age No. of Antibody titer (�) Total
(years) patients

PCR (�) PCR (�)

�1 26 0 0 0
1 74 3 1 4 (5.4%)
2 60 4 0 4 (6.7%)
3 43 4 3 7 (16.3%)
4 36 3 5 8 (22.2%)
5 34 7 0 7 (20.6%)
6 21 8 2 10 (47.6%)
7–14 75 27 9 36 (48.0%)

Total 369 56 20 76

Table 2. Antibiotics used before sampling, PCR results, and antibody titers for M. pneumoniae determined by PA or CF in pneumonia patients

Antibiotics prescribed No. of patients PCR (�) PCR (�)
before PCR tested

Antibody titer (�) Antibody titer (�) Antibody titer (�)

(�) 23 20 (87.0%) 1 (4.3%) 2 (8.7%)
�-Lactam 30 26 (86.7%) 0 4 (13.3%)
Macrolide / othera 16 6 (37.5%) 0 10 (62.5%)
Unknown 8 4 0 4

Total 77 56 1 20
a Includes new quinolones and tetracyclines
PA, passive agglutination; CF, complement fixation

Fig. 3. Early M. pneumoniae infection and clinical inflammatory
markers. Correlation between white blood cell (WBC) count and C-
reactive protein (CRP) (n � 76). Filled circles represent patients with
coinfection
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PCR method with a total time requirement that was within
2.6h.

Sensitivity using our new primers for M. pneumoniae was
2 CFU per reaction tube for the standard strain when PCR
was carried out under the same conditions as for standard
strains for other RTI pathogens. Sensitivity corresponded
to about 3 log10 CFU of M. pneumoniae adherent to the tip
of a swab used to collect clinical samples.25 This positivity
also corresponded to 2.59 log10 CFU/sample in cultures of
M. pneumoniae described in this study.

When correlation between PCR and culture or serologic
testing was evaluated, the percentages showing positivity
for M. pneumoniae in the 369 cases of CAP were: 20.6% for
serologic testing; 18.4% for PCR; and 14.4% for culture.

Two serologic assay methods were used at individual
member institutions: PA for most cases, and CF for the
remainder. Antibody titers were high or rose significantly in
all but one PCR-positive patient.

Reported rates of M. pneumoniae among cases of CAP
in children and adults have ranged from as high as 15% or
29.5%1,3,4 to as low as 1% or 3%.27,28 These differences in
relative frequency are likely to reflect the presence or ab-
sence of outbreaks during specific study periods. However,
a comparatively high percentage was obtained in this study,
which was conducted when no epidemic of childhood CAP
cases caused by M. pneumoniae was observed.

The greatest difficultly involving PCR results is that they
can be influenced by a variety of antibiotics given before
clinical sampling. M. pneumoniae was likely to be shown by
PCR when outpatients had been treated with oral �-lactam
antibiotics (86.7%) or had been untreated (87.0%).

However, PCR was far less likely to disclose M.
pneumoniae (37.5%) in patients who had been treated
with a macrolide or a new quinolone agent. Accordingly,
samples must be collected during acute infection, prior to
antibiotic therapy.

In accordance with previous reports,17,29 elevations of
WBC and CRP at the first medical examination were absent
or modest in patients with M. pneumoniae pneumonia, ex-
cept for a few patients in whom WBC counts of 10000/mm3

or more were associated with S. pneumoniae or H.
influenzae coinfection.

Identification of M. pneumoniae by PCR as described
here fulfills the need for early, rapid identification of this
pathogen to guide antimicrobial chemotherapy for CAP,
whereas PPLO culture involves undesirable delays.

Acknowledgments We are extremely grateful for the assistance given
by Reiko Kobayashi and Etsuko Suzuki.

References

1. Block S, Hedrick J, Hammerschlag MR, Cassell GH, Craft JC.
Mycoplasma pneumoniae and Chlamydia pneumoniae in pediatric
community-acquired pneumonia: comparative efficacy and safety
of clarithromycin vs erythromycin ethylsuccinate. Pediatr Infect
Dis J 1995;14:471–7.

2. Hammerschlag MR. Mycoplasma pneumoniae infections. Curr
Opin Infect Dis 2001;14:181–6.

3. Harris JA, Kolokathis A, Campbell M, Cassell GH, Hammerschlag
MR. Safety and efficacy of azithromycin in the treatment of com-
munity-acquired pneumonia in children. Pediatr Infect Dis J
1998;17:865–71.

4. Heiskanen-Kosma T, Korppi M, Jokinen C, Kurki S, Heiskanen L,
Juvonen H, et al. Etiology of childhood pneumonia: serologic re-
sults of a prospective, population-based study. Pediatr Infect Dis J
1998;17:986–91.

5. McIntosh K. Community-acquired pneumonia in children. N Engl
J Med 2002;346:429–37.

6. Carbon C, Moola S, Velancsics I, Leroy B, Rangaraju M, Decosta
P. Telithromycin 800 mg once daily for 7 to 10 days is an effective
and well-tolerated treatment for community-acquired pneumonia.
Clin Microbiol Infect 2003;9:691–703.

7. Ishida T, Hashimoto T, Arita M, Ito I, Osawa M. Etiology of
community-acquired pneumonia in hospitalized patients: a 3-year
prospective study in Japan. Chest 1998;114:1588–93.

8. Hardegger D, Nadal D, Bossart W, Altwegg M, Dutly F. Rapid
detection of Mycoplasma pneumoniae in clinical samples by real-
time PCR. J Microbiol Methods 2000;41:45–51.

9. Honda J, Yano T, Kusaba M, Yonemitsu J, Kitajima H, Masuoka
M, et al. Clinical use of capillary PCR to diagnose Mycoplasma
pneumonia. J Clin Microbiol 2000;38:1382–4.

10. Jensen JS, Sondergard-Andersen J, Uldum SA, Lind K. Detection
of Mycoplasma pneumoniae in simulated clinical samples by
polymerase chain reaction. Brief report. APMIS 1989;97:1046–
8.

11. Templeton KE, Scheltinga SA, Graffelman AW, Van Schie JM,
Crielaard JW, Sillekens P, et al. Comparison and evaluation of
real-time PCR, real-time nucleic acid sequence-based amplifica-
tion, conventional PCR, and serology for diagnosis of Mycoplasma
pneumoniae. J Clin Microbiol 2003;41:4366–71.

12. Tumwasorn S, Nilgate S, Udomsantisuk N. Amplification of P1
gene by polymerase chain reaction for detection of Mycoplasma
pneumoniae. J Med Assoc Thai 2002;85:389–98.

13. Waring AL, Halse TA, Csiza CK, Carlyn CJ, Arruda Musser K,
Limberger RJ. Development of a genomics-based PCR assay for
detection of Mycoplasma pneumoniae in a large outbreak in New
York State. J Clin Microbiol 2001;39:1385–90.

14. Corsaro D, Valassina M, Venditti D, Venard V, Le Faou A,
Valensin PE. Multiplex PCR for rapid and differential diagnosis of
Mycoplasma pneumoniae and Chlamydia pneumoniae in respira-
tory infections. Diagn Microbiol Infect Dis 1999;35:105–8.

15. Tong CY, Donnelly C, Harvey G, Sillis M. Multiplex polymerase
chain reaction for the simultaneous detection of Mycoplasma
pneumoniae, Chlamydia pneumoniae, and Chlamydia psittaci in
respiratory samples. J Clin Pathol 1999;52:257–63.

16. Welti M, Jaton K, Altwegg M, Sahli R, Wenger A, Bille J. Devel-
opment of a multiplex real-time quantitative PCR assay to detect
Chlamydia pneumoniae, Legionella pneumophila and Mycoplasma
pneumoniae in respiratory tract secretions. Diagn Microbiol Infect
Dis 2003;45:85–95.

17. Dorigo-Zetsma JW, Zaat SA, Wertheim-van Dillen PM, Spanjaard
L, Rijntjes J, van Waveren G, et al. Comparison of PCR, culture,
and serological tests for diagnosis of Mycoplasma pneumoniae res-
piratory tract infection in children. J Clin Microbiol 1999;37:14–
7.

18. Nadala D, Bossart W, Zucol F, Steiner F, Berger C, Lips U, et al.
Community-acquired pneumonia in children due to Mycoplasma
pneumoniae: diagnostic performance of a seminested 16S rDNA-
PCR. Diagn Microbiol Infect Dis 2001;39:15–19.

19. Oguz F, Unuvar E, Aydin D, Yilmaz K, Sidal M. Frequency of
Mycoplasma pneumoniae among atypical pneumonia of childhood.
Turk J Pediatr 2002;44:283–8.

20. Qasem JA, Khan ZU, Shiji G, Mustafa AS. Polymerase chain
reaction as a sensitive and rapid method for specific detection of
Mycoplasma pneumoniae in clinical samples. Microbiol Res
2002;157:77–82.

21. Ursi D, Ieven M, Noordhoek GT, Ritzler M, Zandleven H,
Altwegg M. An interlaboratory comparison for the detection of
Mycoplasma pneumoniae in respiratory samples by the polymerase
chain reaction. J Microbiol Methods 2003;53:289–94.

22. Ubukata K, Asahi Y, Yamane A, Konno M. Combinational detec-
tion of autolysin and penicillin-binding protein 2B genes of Strep-
tococcus pneumoniae by PCR. J Clin Microbiol 1996;34:592–6.



279

23. Himmelreich R, Hilbert H, Plagens H, Pirkl E, Li BC, Herrmann
R. Complete sequence analysis of the genome of the bacterium
Mycoplasma pneumoniae. Nucleic Acids Res 1996;24:4420–49.

24. Ubukata K, Shibasaki Y, Yamamoto K, Chiba N, Hasegawa K,
Takeuchi Y, et al. Association of amino acid substitutions in
penicillin-binding protein 3 with beta-lactam resistance in beta-
lactamase-negative ampicillin-resistant Haemophilus influenzae.
Antimicrob Agents Chemother 2001;45:1693–9.

25. Morozumi M, Iwata S, Endo H, Oishi T, Ohnari S, Kawamura N,
et al. New PCR for rapid identification of Mycoplasma pneumoniae
in clinical specimens from children with respiratory tract infec-
tions. Jpn J Chemothr 2003;51:289–99.

26. Waites KB, Rikihisa Y, Taylor-Robinson D. Mycoplasma and
ureaplasma. In: Murray PR, Baron EJ, Jorgensen JH, Pfaller MA,

Yolken RH, editors. Manual of clinical microbiology. 8th Ed.
Washington DC: American Society for Microbiology; 2003. p. 972–
90.

27. Grondahl B, Puppe W, Hoppe A, Kuhne I, Weigl JA, Schmitt HJ.
Rapid identification of nine microorganisms causing acute respira-
tory tract infections by single-tube multiplex reverse transcription-
PCR: feasibility study. J Clin Microbiol 1999;37:1–7.

28. Vuori E, Peltola H, Kallio MJ, Leinonen M, Hedman K. Etiology
of pneumonia and other common childhood infections requiring
hospitalization and parenteral antimicrobial therapy. SE-TU Study
Group. Clin Infect Dis 1998;27:566–72.

29. Lehtomaki K. Rapid etiological diagnosis of pneumonia in young
men. Scand J Infect Dis Suppl 1988;54:1–56.


