
Nationwide survey of Chlamydia pneumoniae infections and Mycoplasma 
pneumoniae infections in children in Japan 2008-2017

Ouchi K1, Fukuda Y1, KimuraR1, Hujitani Y1, Tanaka Y1, Oishi T1, Miyata 
I1, Yamazaki T2, MIyairi I3, Miyashita N4, Kishimoto T5, Numazaki K6

1Department of Pediatrics, Kawasaki Medical School, Okayama, 2Wakaba 
children’s clinic, Saitama, 3Division of PediatricsInfectious Diseases, National 
Center for Child Health and Development Tokyo, 4Department of Internal 
Medicine, General Medical Center, Kawasaki Medical School, Okayama,  
5Okayama prefectural Research Center of Environment and Public Health, 
Okayama, 6Department of Pediatrics, International University of Health and 
Welfare, Tochigi, Japan

1 Introduction
 Chlamydia pneumoniae and Mycoplasma pneumoniae are common causative 
pathogens of atypical pneumonia. After the initial reports of macrolide-
resistance M. pneumoniae since 2000, macrolide–resistant M. pneumoniae 
infection has become widespread in Japan since 2000 (1-3). Conversely, C. 
pneumoniae has consistently maintained macrolide sensitivity. This difference 
in antibiotic sensitivity may affect epidemiology of atypical pathogens. We 
conducted an annual nationwide survey of Japanese children to evaluate the 
prevalence of C. pneumoniae and M. pneumoniae infections over the past 10 
years.

2 Methods
 Nasopharyngeal swab specimens were collected from children aged 0-15 years 
with lower respiratory tract infection suspected of C. pneumoniae or M. 
pneumoniae infections at 68 nationwide Japanese medical facilities from June 
2008 to October 2017. We also collected nasopharyngeal swab specimens from 
406 healthy children aged 0-15 years. Specimens were stored at −80 °C until 
analysis. C. pneumoniae and M. pneumoniae were detected using real-time 
polymerase chain reaction assays (4) and also isolated M. pneumoniae with 
conventional culture method (4). We used C. pneumoniae-specific PCR primer 
and probe set that targeted sequences selected from the ompA gene that 



encodes the major outer membrane protein of C. pneumoniae (GenBank 
accession number, AF131889) (5). We also conducted RT-PCR targeting a 
conserved part of the P1 adhesin gene of M. pneumoniae using a previously 
described method to detect the M. pneumoniae DNA. Macrolide–resistance of 
M. pneumoniae was determined by sequencing 23s ribosomal RNA and MIC of 
clinical isolates (5). The study protocol was approved by the ethics committee 
of Kawasaki Medical School (Ethics Approval No. 286-3). Informed consent 
was obtained from the parents of all patients.

3 Results
 Of 5017 specimens analyzed, 43 (0.9%) were positive for C. pneumoniae only, 
1903 (37.9%) were positive for M. pneumoniae only, while 17 (0.3%) were 
positive for both pathogens [Table 1]. During these 10 years. no significant 
difference was observed in the annual number of cases of C. pneumoniae 
infection and the prevalence of C. pneumoniae infection was consistently quite 
low in Japan. However, there were two large epidemics of M. pneumoniae 
infection in 2010-2012 and 2015-2016 (3,6,7). Macrolide-resistant rate of M. 
pneumoniae from 2008 through 2017 was 61.5%, 58.3%, 72.8%, 65.7%, 
80.5%, 66.7%, 58.8%, 38.9%, 57.8%, 40.3% since 2008, respectively.
Among patients with M. pneumoniae infection only, 1826 (96%) had 
pneumonia and 77 (4%) had acute bronchitis. On the other hand, 23 (54%) had 
pneumonia and 20 (46%) had acute bronchitis among patients with C. 
pneumoniae infection only. Fever>37.5 °C was observed in 1675 (88%) 
patients with M. pneumoniae infection only and 22 (50%) patients with C. 
pneumoniae infection only. Patients with C. pneumoniae infection alone had a 
significantly higher C. pneumoniae deoxyribonucleic acid (DNA) copy number 
than those with C. pneumoniae/M. pneumoniae coinfection (p < 0.01) [Table 
2]. No significant difference in M. pneumoniae DNA copy number was noted 
between cases of M. pneumoniae infection alone and C. pneumoniae/M. 
pneumoniae coinfection [Table 3]. 
Among 406 healthy children, three cases (0.7%) are positive for C. 
pneumoniae with low DNA copy number and no case was positive for M. 
pneumoniae.

4 Discussion
 There were two large epidemics of M. pneumoniae infection in 2010-2012 and 
2015-2016 which contained many macrolide-resistant M. pneumoniae infection 



in Japan. However, the prevalence of C. pneumoniae infection was consistently 
quite low during these 10 years. M. pneumoniae has acquired macrolide-
resistance since 2000(1-3,6,7). C. pneumoniae has consistently maintained 
macrolide sensitivity, so this difference of antibiotic sensitivity among two 
major pathogens of atypical pneumonia seemed to affect the epidemiology of 
atypical pathogens in Japan.
Characteristics of C. pneumoniae/M. pneumoniae coinfection was similar to 
characteristics of M. pneumoniae infection only. C. pneumoniae DNA number 
of three asymptomatic healthy children was also similar to C. pneumoniae 
DNA number of cases with C. pneumoniae/M. pneumoniae coinfection. Given 
the low C. pneumoniae DNA copy number of C. pneumoniae/M. pneumoniae 
coinfection, C. pneumoniae seem to have merely colonized the respiratory tract 
but did not cause disease in cases of C. pneumoniae/M. pneumoniae 
coinfection. 

5 Conclusions
 The prevalence of C. pneumoniae infection in children in Japan has been quite 
low during these 10 years. Whereas there were two large outbreaks of M. 
pneumoniae after emergence of macrolide-resistance in Japan. The difference 
of antibiotic sensitivity among C. pneumoniae and M. pneumoniae seemed to 
affect the epidemiology of atypical pathogens in Japan. Annual macrolide-
resistant rate of M. pneumoniae has been improving since 2012 in Japan.

Table 1　Annual incidence of M. pneumoniae and C. pneumoniae infection in children in 
Japan from 2008 to 2017 in this nationwide study

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total
Sample tested, 
n 94 117 579 1377 1418 301 252 345 449 139 5017

M.pneumoniae 
only positive, 
n (%)

16 
(17.0

)

19 
(16.2

)

141 
(24.4

)

551 
(40.0

)

625
(44.1

)

46 
(15.3

)

51 
(20.2

)

163 
(47.2

)

222 
(49.4

)

68 
(48.9

)

1903
(37.9

)
C.pneumoniae 
only positive, 
n (%)

5 
(5.3)

1 
(0.9)

2 
(0.3)

6
(0.4)

11
(0.8)

1 
(0.3)

9 
(3.6)

2 
(0.6)

5
(1.1)

0
(0)

43
(0.9)

Both positive, 
n (%)

0
(0)

0
(0)

2
(0.3)

6
(0.4)

6
(0.4)

0
(0)

1
(0.4)

0
(0)

3
(0.7)

0
(0)

17
(0.3)

Macrolide-
resistant 
M.pneumoniae
, %

61.5 58.3 72.8 65.7 80.5 66.7 58.8 38.9 57.8 40.3 66.9



Table 2　 DNA copy numbers of C. pneumoniae derived from the samples obtained from 
patients with C. pneumoniae infections and C. pneumoniae/M. pneumoniae coinfections 

DNA copy numbers of C. pneumoniae

Range Median interquartile 
range

p-value

C.pneumoniae only 
positive 3–26 500 228 18-1320 P<0.01

M.pneumoniae and 
C.pneumoniae both 
positive 1–208 19 8-33

Table 3 DNA copy numbers of M. pneumoniae derived from the samples obtained from 
patients with M. pneumoniae infections and C. pneumoniae/M. pneumoniae coinfections

DNA copy numbers of M. pneumoniae

Range Median interquartile 
range

p-value

M. pneumoniae 
only positive 0–4 580,000 3,420 310–29,000 0.563

M.pneumoniae 
and 
C.pneumoniae 
both positive

0–896,000 4,548 210–157,000
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