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Abstract

Background: Mycoplasma pneumoniae (M. pneumoniae) is an important cause of community-acquired pneumonia (CAP) in chil-
dren.
Objectives: This study investigated the epidemiological characteristics of hospitalized children withMycoplasmapneumoniaepneu-
monia (MPP) in Hangzhou.
Methods: M. pneumoniae 16s rRNA in respiratory tract sample of children was detected by SAT-MP assay from July 1, 2015 to June 30,
2019.
Results: 71,965 samples were tested by SAT-MP (simultaneous amplification and testing of Mycoplasma pneumonia) assay, 10206
(14.2%) were positive forM. pneumoniae. The highest positive rate of M. pneumoniae infection in the second half year appeared in 2015
reaching 24.3% and the lowest appeared in 2017 dropping to 9.8%. The detected monthly positive rates of M. pneumoniae infection
ranged from 8.2% to 25.5%, with a peak in August. The positive rate of M. pneumoniae infection increased with the age and it reached
the peak in children older than 5 years.
Conclusions: This large samples study revealed that the M. pneumoniae positive rate was higher in older hospitalized children and
it reached the highest point in summer in terms of prevalence in Hangzhou.
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1. Background

Mycoplasma pneumoniae (M. pneumoniae) infection
presents various clinical signs and symptoms, such as
fever, sore throat, cough etc. (1). It is considered as an
important factor for respiratory tract infection in chil-
dren with clinical manifestations of upper respiratory in-
fections, pneumonia and extrapulmonary manifestations
(such as non-specific exanthem, encephalitis, etc.) (2). M.
pneumoniae pneumonia (MPP) is one of the main causes
leading to children’s hospitalization. MPP accounts for ap-
proximately 10% to 40% of community-acquired pneumo-
nia (CAP) cases in children (3-5). The epidemic cycle of MPP
occurs every 3 - 5 years (6, 7). M. pneumoniae pneumonia
occurs most frequently among school age children (older
than 5 years) (3, 8). However, recent reports revealed that
pre-school children even infants would be susceptible to
M.pneumoniae infection and show clinical symptoms (9-11).
MPP is traditionally described as mild and self-limited en-

tity which is characterized by a persistent dry cough. How-
ever, recently many severe, fulminant or even fatal cases
of MPP have been reported including asthma-like exacer-
bations in young children and infants (11, 12). So, it is very
important to monitor the epidemiological characteristics
of MPP among children in the treatment of M. pneumoniae.

2. Objectives

Our study, based on a large sample size, was to charac-
terize the M. pneumoniae epidemic and evaluate epidemi-
ological features in hospitalized children with M. pneumo-
niae pneumonia in Hangzhou, China.

3. Methods

3.1. Study Population

From July 2015 to June 2019, 71965 children were en-
rolled in this study. The samples should conform to all
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the following criterions: (1) children who were < 14 years
old; (2) patients who were hospitalized in Children’s Hos-
pital of Zhejiang University School of Medicine (the largest
comprehensive center for pediatric health care in Zhejiang
province, China, based in Hangzhou city); (3) patients who
had been primarily diagnosed with pneumonia (13). The
children with noninfective pneumonia (such as aspiration
pneumonia, hypersensitivity pneumonia, etc.) were ex-
cluded from the study. In this study, we collected the
respiratory tract samples (throat swab or sputum) from
every object on the first day of hospitalization and per-
formed SAT-MP (simultaneous amplification and testing of
M.pneumoniae) assay. This study was approved by the Medi-
cal Ethics Committee of the Children’s Hospital of Zhejiang
University School of Medicine.

3.2. Detection of M. pneumoniae

SAT-MP assay (Shanghai Rendu Biotechnology Co, Ltd)
was a useful method to detect M. pneumoniae 16s rRNA,
which was reported in our previous studies (14). The ampli-
fication process was performed using ABI 7500 detection
system under conditions of 40 cycles of 42°C for 60 sec-
onds.

3.3. Statistical Analysis

The results were analyzed using SPSS software (version
20.0). χ2 test was performed to investigate the statistical
differences. Two-tailed P value of less than 0.05 (P < 0.05)
considered statistically significant.

4. Results

During July 2015 to June 2019, 71,965 samples (throat
swab or sputum) were collected and tested by SAT-MP assay.
42350 were boys and 29615 were girls, yielding a male-to-
female ratio of 1.43:1. 10206 (5598 from boys and 4608 from
girls) samples were tested positive for M. pneumoniae, with
an average positive rate of 14.2%. The positive rate in girls
(15.6%) was higher than that in boys (13.2%, P < 0.05).

As shown in Figure 1, the highest positive rate of M.
pneumoniae infection in the first half year rose up to 16.2%
(2019) and the lowest dropped to 5.3% (2018) (P < 0.05). The
highest positive rate of M. pneumoniae infection in the sec-
ond half year rose up to 24.3% (2015) (P < 0.05), compared
with the lowest rate of 9.8% (2017) (P < 0.05). The annual
positivity rates of M. pneumoniae were 17.1%, 9.2%, 12.1% in
2016, 2017, and 2018 respectively.

As shown in Figure 2A, monthly results during the
whole study period showed the highest positive detection
in August (25.5%), while the lowest in March (8.2%) (P <
0.05). The monthly positive rates of 2015 - 2019 are shown

in Figure 2B. During the epidemic period, there was a peak
of the M. pneumoniae positive rate in every summer.

As shown in Figure 3, infants less than 1 year old showed
the lowest infection rate (P < 0.05). The positive rate of MPP
increased with age and reached the peak among children
older than 5 years old (above 33%, P < 0.05). The infected
rates in children of different age were 4.5% (0 - 1 year), 11.9%
(1 - 3 years), 20.2% (3 - 5 years), 33.6% (5 - 7 years), and 33.8%
(> 7 years), respectively.

5. Discussion

This is a study with large sample size monitoring M.
pneumoniae in hospitalized children with pneumonia. In
our study, 71,965 respiratory tract samples were surveyed.
In this study, we observed that 14.2% (10206/71965) of hos-
pitalized children with pneumonia were positive for M.
pneumoniae, which was similar to the study in North China
(15) and also comparable with the global incidence of
12% (range 11% - 15%) published by the Atypical Pathogens
Reference Laboratory Database (16). Gao et al. reported
the rate of MPP reaching 37.5% in pediatric patients with
pneumonia in North China (17) which is higher than our
study. In addition, we also observed that the rate of MPP in
peak years increased, reaching to 38.6% in September 2019
(which is not shown in the article).

We used SAT-MP targeting M. pneumoniae 16s rRNA for
detection of M. pneumoniae. There are two advantages in
this method: (1) It has higher sensitivity, because 16s rRNA
template is much more than the genome of M. pneumoniae
in one copy of M. pneumonia (14, 18); (2) it suggests live M.
pneumoniae infection, SAT-MP targets to 16s rRNA and its
half life is much shorter than DNA (19). Compared with the
results of DNA test, SAT-MP can give the true positive result
of M. pneumoniae in early infection stage.

Several studies showed gender was not a risk factor for
M. pneumoniae infection (20, 21). However, in our surveil-
lance period, the positive rate of M. pneumoniae pneumo-
nia was higher in girls compared with boys, which was in
accordance with our previous study (22) and the study in
North China (17). It indicated that girls are more suscepti-
ble to M. pneumoniae infection. Previous studies reported
that M. pneumoniae pneumonia varied in occurrence rate
over the years, showing an epidemic cycle of 3 - 5 years
worldwide and persisted for 1 - 2 years (23, 24). In our study,
we found that in the second half of 2015, the positive rate
of M. pneumoniae reached 24.5%, indicating that 2015 was
the year of M. pneumoniae epidemic. During the first few
months of the second half of 2019, the positive rate of M.
pneumoniae showed an upper trend (36.9% in July, 38.5%
in August, 38.6% in September and 29.6% in October, not
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Figure 1. Number of cases, positive cases and positive rates of M. pneumoniae in half a year

Figure 2. Monthly distribution of M. pneumoniae infection among children in Hangzhou. A, Overall monthly distribution of M. pneumoniae infection among children; B,
Monthly distribution of M. pneumoniae infection among children during the study period.

shown in this article), which suggested 2019 may be an-
other year of M. pneumoniae epidemic. These results were
similar to the epidemic patterns of MPP in Korea, with a cy-
cle of 3 - 4 years (25).

In year-round or apart, summer (June to September)
was the peak season for M. pneumoniae pneumonia in
Hangzhou, with the highest occurrence in August. Previ-
ous studies also revealed that infections tend to be more
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Figure 3. Age distribution of children with M. pneumoniae infection in Hangzhou

common in summer and early autumn. A study in north-
ern China revealed that M. pneumoniae infection was more
frequent between July and November, with the same mani-
festation among children and adults (15). Another study in
North China showed that autumn (September to Novem-
ber) was the peak season (17). But Kutty et al., following a
two-and-half-year study, found that in the USA, M. pneumo-
niae infection was endemic without significant seasonal
fluctuations (26). This may be due to the influence of dif-
ferent climates (22).

Our study indicated that children older than 5 years,
with the incidence over 30%, were the most susceptible
population. The findings are similar to many previous
studies (3, 9, 10, 22, 27). However, in our study young chil-
dren also have a high rate of M. pneumoniae infection in
Hangzhou, with 20.2% among the 3 - 5 year-olds and 11.9%
among the 1 - 3 year-olds. The positive rate of M. pneumo-
niae was 4.5% in infants. Thus, M. pneumoniae was consid-
ered as a cause for asthma-like exacerbations in young chil-
dren and infants (11, 12). The clinical characteristics of posi-
tive M. pneumonia tests in population of infants and young
children deserve constant attention in our future research.

5.1. Conclusions

The M. pneumoniae positive rate was higher in older
hospitalized children and it had the highest prevalence in
summer in Hangzhou. Since this article was defective with
the comparatively short study period, in the future studies
we will continue to monitor the epidemiological and clin-
ical characteristics of M. pneumoniae and the prognosis of
infants infected with M. pneumoniae.

Footnotes

Authors’ Contribution: Wen-qing Xiang and Wei Li con-
ceived and designed the experiments. Wen-qing Xiang and
Jia-lu Xu and Faisal Aliahmed extracted and analyzed the
data. Ying-hu Chen and Wei Li modified articles. Wen-qing
Xiang and Wei Li analyzed the data statistically.

Conflict of Interests: Authors mention that there is no
conflict of interest in this study.

Ethical Approval: The Medical Ethics Committee of
the Children’s Hospital of Zhejiang University School of
Medicine.

Funding/Support: National Nature Science Foundation
of China (81701535).

References

1. Rogozinski LE, Alverson BK, Biondi EA. Diagnosis and treatment of My-
coplasma pneumoniae in children. Minerva Pediatr. 2017;69(2):156–
60. doi: 10.23736/S0026-4946.16.04866-0. [PubMed: 28178776].

2. Meyer Sauteur PM, Unger WWJ, van Rossum AMC, Berger C. The art
and science of diagnosing Mycoplasma pneumoniae infection. Pedi-
atr Infect Dis J. 2018;37(11):1192–5. doi: 10.1097/INF.0000000000002171.
[PubMed: 30169485].

3. Jain S, Williams DJ, Arnold SR, Ampofo K, Bramley AM, Reed C, et al.
Community-acquired pneumonia requiring hospitalization among
U.S. children. N Engl J Med. 2015;372(9):835–45. doi: 10.1056/NEJ-
Moa1405870. [PubMed: 25714161]. [PubMed Central: PMC4697461].

4. Principi N, Esposito S, Blasi F, Allegra L, Mowgli study G. Role of My-
coplasma pneumoniae and Chlamydia pneumoniae in children with
community-acquired lower respiratory tract infections.Clin InfectDis.
2001;32(9):1281–9. doi: 10.1086/319981. [PubMed: 11303262].

5. Principi N, Esposito S. Emerging role of Mycoplasma pneumoniae and
Chlamydia pneumoniae in paediatric respiratory-tract infections.
Lancet Infect Dis. 2001;1(5):334–44. doi: 10.1016/S1473-3099(01)00147-5.
[PubMed: 11871806].

4 Iran J Pediatr. 2020; 30(2):e99960.

http://dx.doi.org/10.23736/S0026-4946.16.04866-0
http://www.ncbi.nlm.nih.gov/pubmed/28178776
http://dx.doi.org/10.1097/INF.0000000000002171
http://www.ncbi.nlm.nih.gov/pubmed/30169485
http://dx.doi.org/10.1056/NEJMoa1405870
http://dx.doi.org/10.1056/NEJMoa1405870
http://www.ncbi.nlm.nih.gov/pubmed/25714161
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4697461
http://dx.doi.org/10.1086/319981
http://www.ncbi.nlm.nih.gov/pubmed/11303262
http://dx.doi.org/10.1016/S1473-3099(01)00147-5
http://www.ncbi.nlm.nih.gov/pubmed/11871806
http://ijp.tums.pub


XiangW et al.

6. Lenglet A, Herrador Z, Magiorakos AP, Leitmeyer K, Coulombier D;
European Working Group on Mycoplasma pneumoniae Surveillance.
Surveillance status and recent data for Mycoplasma pneumoniae in-
fections in the European Union and European Economic Area, Jan-
uary 2012. Euro Surveill. 2012;17(5). doi: 10.2807/ese.17.05.20075-en.
[PubMed: 22321134].

7. Rhim JW, Kang HM, Yang EA, Lee KY. Epidemiological relationship be-
tween Mycoplasma pneumoniae pneumonia and recurrent wheez-
ing episode in children: An observational study at a single hospi-
tal in Korea. BMJ Open. 2019;9(4). e026461. doi: 10.1136/bmjopen-2018-
026461. [PubMed: 30975681]. [PubMed Central: PMC6500193].

8. Waites KB. New concepts of Mycoplasma pneumoniae infec-
tions in children. Pediatr Pulmonol. 2003;36(4):267–78. doi:
10.1002/ppul.10346. [PubMed: 12950038].

9. Gadsby NJ, Reynolds AJ, McMenamin J, Gunson RN, McDonagh S,
Molyneaux PJ, et al. Increased reports of Mycoplasma pneumoniae
from laboratories in Scotland in 2010 and 2011 - impact of the epi-
demic in infants. Euro Surveill. 2012;17(10). [PubMed: 22433597].

10. Inchley CS, Berg AS, Vahdani Benam A, Kvissel AK, Leegaard
TM, Nakstad B. Mycoplasma pneumoniae: A cross-sectional
population-based comparison of disease severity in preschool
and school-age children. Pediatr Infect Dis J. 2017;36(10):930–6. doi:
10.1097/INF.0000000000001628. [PubMed: 28471864].

11. Sondergaard MJ, Friis MB, Hansen DS, Jorgensen IM. Clinical manifes-
tations in infants and children with Mycoplasma pneumoniae infec-
tion. PLoSOne. 2018;13(4). e0195288. doi: 10.1371/journal.pone.0195288.
[PubMed: 29698412]. [PubMed Central: PMC5919654].

12. Waites KB, Xiao L, Liu Y, Balish MF, Atkinson TP. Mycoplasma pneu-
moniae from the respiratory tract and beyond. Clin Microbiol Rev.
2017;30(3):747–809. doi: 10.1128/CMR.00114-16. [PubMed: 28539503].
[PubMed Central: PMC5475226].

13. Harris M, Clark J, Coote N, Fletcher P, Harnden A, McKean M,
et al. British Thoracic Society guidelines for the management of
community acquired pneumonia in children: update 2011. Thorax.
2011;66 Suppl 2:ii1–23. doi: 10.1136/thoraxjnl-2011-200598. [PubMed:
21903691].

14. Li W, Fang YH, Shen HQ, Yang DH, Shu Q, Shang SQ. Evaluation of a real-
time method of simultaneous amplification and testing in diagno-
sis of Mycoplasma pneumoniae infection in children with pneumo-
nia. PLoS One. 2017;12(5). e0177842. doi: 10.1371/journal.pone.0177842.
[PubMed: 28520818]. [PubMed Central: PMC5433777].

15. Qu J, Yang C, Bao F, Chen S, Gu L, Cao B. Epidemiological character-
ization of respiratory tract infections caused by Mycoplasma pneu-
moniae during epidemic and post-epidemic periods in North China,
from 2011 to 2016. BMC Infect Dis. 2018;18(1):335. doi: 10.1186/s12879-018-
3250-2. [PubMed: 30016939]. [PubMed Central: PMC6050680].

16. Arnold FW, Summersgill JT, Lajoie AS, Peyrani P, Marrie TJ, Rossi P,
et al. A worldwide perspective of atypical pathogens in community-
acquired pneumonia. Am J Respir Crit Care Med. 2007;175(10):1086–93.

doi: 10.1164/rccm.200603-350OC. [PubMed: 17332485].
17. Gao LW, Yin J, Hu YH, Liu XY, Feng XL, He JX, et al. The epi-

demiology of paediatric Mycoplasma pneumoniae pneumonia in
North China: 2006 to 2016. Epidemiol Infect. 2019;147. e192. doi:
10.1017/S0950268819000839. [PubMed: 31364532]. [PubMed Central:
PMC6518602].

18. Bai C, Wang W, Wang C, Xu YS. [Detection and clinical applica-
tion of the isothermal amplification of Mycoplasma pneumoniae
RNA in bronchoalveolar lavage fluid from children]. Chin J Lab Med.
2018;10(41):770–4. Chinese.

19. Guo L, Sun L, Guo Y, Li QJ, Wu XR, Liu F, et al. [Clinical value of
Mycoplasma pneumoniae RNA detection in the monitoring of My-
coplasma pneumoniae pneumonia treatment in children]. Chin J d
Based Pedatr. 2016;11(2):109–12. Chinese.

20. Kung CM, Wang HL. Seroprevalence of Mycobacterium pneumoniae
in healthy adolescents in Taiwan. Jpn J Infect Dis. 2007;60(6):352–4.
[PubMed: 18032833].

21. Phares CR, Wangroongsarb P, Chantra S, Paveenkitiporn W, Ton-
della ML, Benson RF, et al. Epidemiology of severe pneumonia
caused by Legionella longbeachae, Mycoplasma pneumoniae, and
Chlamydia pneumoniae: 1-year, population-based surveillance for se-
vere pneumonia in Thailand. Clin Infect Dis. 2007;45(12):e147–55. doi:
10.1086/523003. [PubMed: 18190309].

22. Xu YC, Zhu LJ, Xu D, Tao XF, Li SX, Tang LF, et al. Epidemiological charac-
teristics and meteorological factors of childhood Mycoplasma pneu-
moniae pneumonia in Hangzhou. World J Pediatr. 2011;7(3):240–4. doi:
10.1007/s12519-011-0318-0. [PubMed: 21822990].

23. Atkinson TP, Balish MF, Waites KB. Epidemiology, clinical mani-
festations, pathogenesis and laboratory detection of Mycoplasma
pneumoniae infections. FEMS Microbiol Rev. 2008;32(6):956–73. doi:
10.1111/j.1574-6976.2008.00129.x. [PubMed: 18754792].

24. Guo DX, Hu WJ, Wei R, Wang H, Xu BP, Zhou W, et al. Epidemiology and
mechanism of drug resistance of Mycoplasma pneumoniae in Bei-
jing, China: A multicenter study. Bosn J Basic Med Sci. 2019;19(3):288–
96. doi: 10.17305/bjbms.2019.4053. [PubMed: 30878034]. [PubMed
Central: PMC6716100].

25. Eun BW, Kim NH, Choi EH, Lee HJ. Mycoplasma pneumoniae in Korean
children: The epidemiology of pneumonia over an 18-year period.
J Infect. 2008;56(5):326–31. doi: 10.1016/j.jinf.2008.02.018. [PubMed:
18420275].

26. Kutty PK, Jain S, Taylor TH, Bramley AM, Diaz MH, Ampofo K, et
al. Mycoplasma pneumoniae among children hospitalized with
community-acquired pneumonia. Clin Infect Dis. 2019;68(1):5–12.
doi: 10.1093/cid/ciy419. [PubMed: 29788037]. [PubMed Central:
PMC6552676].

27. Li W, Liu YJ, Zhao XL, Shang SQ, Wu L, Ye Q, et al. Th1/Th2 cytokine
profile and its diagnostic value in Mycoplasma pneumoniae pneu-
monia. Iran J Pediatr. 2016;26(1). e3807. doi: 10.5812/ijp.3807. [PubMed:
26848377]. [PubMed Central: PMC4733293].

Iran J Pediatr. 2020; 30(2):e99960. 5

http://dx.doi.org/10.2807/ese.17.05.20075-en
http://www.ncbi.nlm.nih.gov/pubmed/22321134
http://dx.doi.org/10.1136/bmjopen-2018-026461
http://dx.doi.org/10.1136/bmjopen-2018-026461
http://www.ncbi.nlm.nih.gov/pubmed/30975681
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6500193
http://dx.doi.org/10.1002/ppul.10346
http://www.ncbi.nlm.nih.gov/pubmed/12950038
http://www.ncbi.nlm.nih.gov/pubmed/22433597
http://dx.doi.org/10.1097/INF.0000000000001628
http://www.ncbi.nlm.nih.gov/pubmed/28471864
http://dx.doi.org/10.1371/journal.pone.0195288
http://www.ncbi.nlm.nih.gov/pubmed/29698412
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5919654
http://dx.doi.org/10.1128/CMR.00114-16
http://www.ncbi.nlm.nih.gov/pubmed/28539503
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5475226
http://dx.doi.org/10.1136/thoraxjnl-2011-200598
http://www.ncbi.nlm.nih.gov/pubmed/21903691
http://dx.doi.org/10.1371/journal.pone.0177842
http://www.ncbi.nlm.nih.gov/pubmed/28520818
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5433777
http://dx.doi.org/10.1186/s12879-018-3250-2
http://dx.doi.org/10.1186/s12879-018-3250-2
http://www.ncbi.nlm.nih.gov/pubmed/30016939
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6050680
http://dx.doi.org/10.1164/rccm.200603-350OC
http://www.ncbi.nlm.nih.gov/pubmed/17332485
http://dx.doi.org/10.1017/S0950268819000839
http://www.ncbi.nlm.nih.gov/pubmed/31364532
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6518602
http://www.ncbi.nlm.nih.gov/pubmed/18032833
http://dx.doi.org/10.1086/523003
http://www.ncbi.nlm.nih.gov/pubmed/18190309
http://dx.doi.org/10.1007/s12519-011-0318-0
http://www.ncbi.nlm.nih.gov/pubmed/21822990
http://dx.doi.org/10.1111/j.1574-6976.2008.00129.x
http://www.ncbi.nlm.nih.gov/pubmed/18754792
http://dx.doi.org/10.17305/bjbms.2019.4053
http://www.ncbi.nlm.nih.gov/pubmed/30878034
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6716100
http://dx.doi.org/10.1016/j.jinf.2008.02.018
http://www.ncbi.nlm.nih.gov/pubmed/18420275
http://dx.doi.org/10.1093/cid/ciy419
http://www.ncbi.nlm.nih.gov/pubmed/29788037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6552676
http://dx.doi.org/10.5812/ijp.3807
http://www.ncbi.nlm.nih.gov/pubmed/26848377
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4733293
http://ijp.tums.pub

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Population 
	3.2. Detection of M. pneumoniae
	3.3. Statistical Analysis 

	4. Results
	Figure 1
	Figure 2
	Figure 3

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

