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Abstract
Purpose The	COVID-19	pandemic	has	notably	altered	the	infection	dynamics	of	various	pathogens.	This	study	aimed	to	
evaluate	the	pandemic’s	impact	on	the	infection	spectrum	of	Mycoplasma pneumoniae (M. pneumoniae)	among	children	
with	community	acquired	pneumonia	(CAP).
Methods 	We	enrolled	pediatric	CAP	patients	admitted	to	a	tertiary	hospital	in	southwest	China	to	compare	the	prevalence	
and	characteristics	of	M. pneumoniae	 infections	before	 (2018–2019)	and	during	 (2020–2022)	 the	COVID-19	pandemic.	
Detection	of	M. pneumoniae	IgM	antibodies	in	serum	were	conducted	using	either	indirect	immunofluorescence	or	passive	
agglutination	methods.
Results The	study	included	1505	M. pneumoniae-positive	and	3160	M. pneumoniae-negative	CAP	patients.	Notable	find-
ings	were	the	higher	age	and	frequency	of	pneumonia-associated	symptoms	in	M. pneumoniae-positive	patients,	alongside	
a	lower	male	proportion	and	fewer	respiratory	co-infections.	The	year	2019	saw	a	notable	increase	in	M. pneumoniae	infec-
tions	compared	to	2018,	followed	by	a	decline	from	2020	to	2022.	The	COVID-19	pandemic	period	witnessed	significant	
alterations	in	age	distribution,	male	proportion,	and	co-infections	with	specific	pathogens	in	both	M. pneumoniae-positive	
and	negative	patients.	The	M. pneumoniae	infections	were	predominantly	seasonal,	peaking	in	autumn	and	winter	during	
2018	and	2019.	Although	there	was	a	sharp	drop	in	February	2020,	the	infection	still	peaked	in	cold	months	of	2020	and	
2021.	However,	the	typical	seasonal	pattern	was	nearly	absent	in	2022.
Conclusions The	COVID-19	pandemic	has	markedly	changed	the	infection	landscape	of	M. pneumoniae	in	pediatric	CAP	
patients,	with	shifts	observed	in	infection	rates,	demographic	profiles,	co-infections,	and	seasonal	patterns.
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Introduction

While	 community	 acquired	 pneumonia	 (CAP)	 may	 not	
always	 be	 at	 the	 forefront	 of	 public	 health	 concerns,	 its	
impact	on	children’s	health	globally	is	significant,	with	con-
siderable	 mortality	 and	 morbidity	 rates	 [1].	 Mycoplasma 
pneumoniae (M. pneumoniae),	a	notable	atypical	pathogen,	
emerges	as	a	primary	culprit	in	pediatric	CAP	cases.	Studies	
indicate	that	between	4	and	39%	of	children	hospitalized	for	
CAP	test	positive	for	M. pneumoniae,	either	through	nucleic	
acid	or	serology	testing	[2].	While	infections	with	M. pneu-
moniae	 are	 typically	 mild	 and	 self-resolving,	 they	 can	
nonetheless	lead	to	severe	pneumonia	and	extrapulmonary	
complications	across	all	age	groups	[3].	Moreover,	there	is	
a	 concerning	 prevalence	 of	 macrolide-resistant	 M. pneu-
moniae	[4].	Clearly,	ongoing	monitoring	of	M. pneumoniae 
epidemiology	is	crucial	for	effective	disease	management.

In	 recent	years,	 the	 implementation	of	non-pharmaceu-
tical	interventions	(NPIs),	like	social	distancing	and	mask-
wearing,	 aimed	 at	 controlling	 COVID-19,	 have	 not	 only	
curtailed	 the	 spread	 of	 SARS-CoV-2	 but	 also	 markedly	
altered	the	infection	dynamics	of	various	other	pathogens.	
Notably,	during	the	COVID-19	pandemic,	there	has	been	a	
significant	decrease	in	the	detection	rate	of	M. pneumoniae 
infections	[5–7].	These	shifts	have	also	influenced	the	clini-
cal	characteristics	of	patients	infected	with	M. pneumoniae 
[8].	However,	 existing	 studies	 often	 encompass	 relatively	
brief	spans	of	the	pandemic	and	rarely	shed	light	on	the	spe-
cific	 trends	 of	M. pneumoniae	 infection	 in	 pediatric	CAP	
patients	in	southwest	China.

To	address	this	gap,	our	study	was	undertaken	at	a	promi-
nent	tertiary	hospital	in	southwest	China.	Our	goal	was	to	
compare	and	analyze	the	patterns	of	M. pneumoniae	infec-
tion	 in	 pediatric	 CAP	 patients,	 focusing	 on	 the	 periods	
before	 (2018–2019)	and	during	 (2020–2022)	 the	COVID-
19	pandemic.

Materials and methods

Study population

This	retrospective	study	was	carried	out	at	the	Yongchuan	
Hospital	of	Chongqing	Medical	University,	spanning	from	
January	2018	to	December	2022.	Children	diagnosed	with	
CAP	were	meticulously	identified	by	seasoned	pediatricians,	
leveraging	a	comprehensive	approach	that	combined	clinical	
symptoms,	chest	imaging,	and	laboratory	results.	Addition-
ally,	 chest	 imaging	was	meticulously	 evaluated	 by	 expert	
radiologists.	Our	study	specifically	targeted	CAP	inpatients	
aged	from	1	month	to	18	years.	The	exclusion	criteria	were	
rigorously	applied	to	ensure	the	integrity	and	focus	of	our	

research,	 including:	 (1)	Children	outside	 the	specified	age	
range.	 (2)	 Patients	 diagnosed	 with	 healthcare-associated	
pneumonia.	(3)	Patients	with	incomplete	medical	records	or	
missing	M. pneumoniae	test	results.	Individuals	falling	into	
any	of	these	categories	were	systematically	excluded	from	
the	 study.	 Ethical	 approval	 for	 this	 study	was	 granted	 by	
the	ethics	committee	of	Yongchuan	Hospital	of	Chongqing	
Medical	University	(Approval	No.	2023-KeLunShen-76).

Specimens collection for M. pneumoniae detection

Upon	admission,	venous	blood	samples	were	obtained	from	
the	 patients	 and	 then	 centrifuged	 to	 separate	 serum.	 The	
presence	 of	M. pneumoniae	 was	 determined	 by	 detecting	
Immunoglobulin	M	 (IgM)	 antibodies	 in	 the	 serum,	 using	
either	 an	 indirect	 immunofluorescence	 assay	 (IFA)	 or	 a	
passive	particle	agglutination	(PPA)	kit	(Fujirebio,	Japan),	
following	 the	manufacturer’s	 instructions.	For	 the	passive	
agglutination	test,	an	antibody	titer	of	≥	1:160	was	deemed	
indicative	of	a	M. pneumoniae	infection.

Identification of respiratory co-infections

Our	 research	 delved	 into	 the	 viral	 and	 bacterial	 co-infec-
tions	among	the	pediatric	CAP	patients.	For	the	detection	of	
viral	 co-infections,	 venous	blood	or	nasopharyngeal	 swab	
samples	were	collected	from	the	patients	at	the	time	of	their	
admission	by	skilled	medical	personnel.	The	scope	of	our	
viral	testing	encompassed	five	key	respiratory	viruses:	influ-
enza	virus	A	(IVA),	influenza	virus	B	(IVB),	parainfluenza	
virus	(PIV),	respiratory	syncytial	virus	(RSV),	and	adeno-
virus	(ADV).	Serum	IgM	antibodies	targeting	these	viruses	
were	 quantified	 using	 IFA	 for	 those	 samples	 taken	 from	
venous	 blood.	While	 nasopharyngeal	 swab	 samples	 were	
subjected	to	analysis	with	a	multiplex	direct	immunofluores-
cence	assay	kit	(Diagnostic	Hybrids,	Athens,	Ohio,	USA),	
adhering	to	established	protocols.	The	presence	of	positive	
findings	from	either	serum	or	nasopharyngeal	swab	samples	
constituted	the	basis	for	identifying	viral	co-infections.

For	 the	 investigation	 of	 bacterial	 co-infections,	 we	
focused	 on	 four	 key	 respiratory	 bacteria:	 Streptococcus 
pneumoniae (S. pneumoniae),	Haemophilus influenzae (H. 
influenzae),	 Moraxella catarrhalis (M. catarrhalis),	 and	
Staphylococcus aureus (S. aureus).	 Sputum	 samples	 from	
the	patients	were	collected	immediately	upon	their	admis-
sion	 for	 the	 analysis	 of	 bacterial	morphology.	During	 the	
bacterial	culture	process,	the	samples	were	cultured	on	Mac-
Conkey,	blood,	and	chocolate	agar	plates	and	then	incubated	
at	 37℃	 in	 a	 5%	CO2	 atmosphere	 for	 18–24	 h.	 Bacterial	
identification	was	subsequently	conducted	using	the	Vitek-2	
Compact	system	(BioMérieux,	France).
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Statistical analysis

The	normality	of	quantitative	data	was	assessed	using	 the	
Kolmogorov–Smirnov	test.	Data	conforming	to	normal	dis-
tribution	were	expressed	as	mean	±	standard	deviation	(SD),	
and	 inter-group	 comparisons	 were	 made	 using	 Student’s	
t-test.	 Non-normally	 distributed	 data	 were	 represented	 as	
medians	and	interquartile	ranges,	with	the	Mann–Whitney	
U	 test	 employed	 for	 group	 comparisons.	 The	 categorical	
variables	were	assessed	for	statistical	significance	by	com-
paring	 the	 actual	 and	 theoretical	 frequencies	 using	 two-
tailed	chi-square	test,	Fisher’s	exact	test,	or	Yates’	continuity	
corrected	chi-square	test	as	appropriate.	The	comparison	of	
viral	and	bacterial	co-infections	was	made	after	excluding	
patients	who	did	not	have	corresponding	pathogenic	results.	
All	statistical	analyses	were	performed	utilizing	GraphPad	
Prism	9.0	Software	 (San	Diego,	CA,	USA).	A	P-value	of	
less	than	0.05	was	considered	statistically	significant.

Results

Overall demographic and clinical characteristics of 
enrolled patients

Out	 of	 6115	 children	 hospitalized	 with	 CAP	 from	 Janu-
ary	 2018	 to	December	 2022,	 4665	 collected	 blood	 speci-
mens	for	M. pneumoniae	detection.	Within	this	cohort,	the	

M. pneumoniae	 test	yielded	positive	results	for	1505	chil-
dren	 and	 negative	 results	 for	 3160	 children.	 Specifically,	
the	 infection	was	detected	 through	 IFA	 in	65	patients	and	
through	 PPA	 in	 1405	 patients.	 Additionally,	 35	 patients	
exhibited	 positive	 results	 via	 both	 testing	 methods.	 The	
prevalence	 of	 infection	 was	 notably	 higher	 among	males	
(807	 out	 of	 2752,	 representing	 53.62%)	 compared	 to	
females	(698	out	of	1913,	or	46.38%),	with	this	difference	
being	statistically	significant	(P <	0.0001).	The	distribution	
and	 incidence	 rates	 of	 positive	 cases	 across	 various	 age	
groups	were	as	follows:	24.63%	(739	cases)	were	children	
under	3	years,	44.59%	(544	cases)	were	children	aged	3	to	
less	than	6	years,	47.08%	(145	cases)	were	children	aged	6	
to	 less	 than	10	years,	and	56.2%	(77	cases)	were	children	
aged	10	years	and	older.

As	shown	in	Table	1,	the	patients	with	M. pneumoniae-
positive	CAP	displayed	a	significantly	higher	age	but	lower	
proportion	of	males	compared	to	M. pneumoniae-negative	
patients	 (P <	0.05).	The	 rate	 of	 admission	 to	 the	 pediatric	
intensive	 care	 unit	 (PICU)	 was	 similar	 between	 the	 two	
groups.	Cough	emerged	as	the	most	prevalent	symptom	of	
pediatric	CAP,	succeeded	by	fever	and	wheezing.	Notably,	
the	incidences	of	cough	and	fever	were	significantly	higher	
in	M. pneumoniae-positive	patients	 (P <	0.05).	 In	 contrast	
to	 the	 marked	 increases	 in	 co-infections	 with	 PIV,	 RSV,	
and	S. aureus	observed	in	M. pneumoniae-negative	patients	
(P <	0.05),	the	prevalence	of	co-infections	with	other	respi-
ratory	pathogens	did	not	significantly	differ	between	the	two	
groups.

Comparison of M. pneumoniae-positives, 
demographic characteristics, and co-infections 
in CAP patients before and during the COVID-19 
pandemic

In	comparison	to	2018,	M. pneumoniae	infections	saw	a	sig-
nificant	increase	in	2019	(P <	0.05).	However,	from	2020	to	
2022,	there	was	a	noted	decrease,	although	the	differences	
weren’t	 statistically	 significant.	Nevertheless,	 the	 positive	
rates	in	2021	and	2022	were	significantly	lower	than	those	
in	 2019	 (P <	0.05).	 In	 M. pneumoniae-positive	 patients,	
the	median	age	decreased	 in	2020	compared	 to	2018,	but	
showed	an	 increase	 in	 the	years	of	2019,	2021,	 and	2022	
(P <	0.05).	The	proportion	of	male	patients	in	2020	signifi-
cantly	 rose	 in	 comparison	 to	 2019	 (P <	0.05).	The	gender	
distribution	in	2021	and	2022,	however,	was	similar	to	that	
in	2018	and	2019.	During	the	pandemic,	there	was	a	notice-
able	 decline	 in	 IVA	co-infections	 in	 2021	 and	2022	 com-
pared	to	2019.	Conversely,	RSV	co-infections	saw	an	uptick	
in	2020	relative	to	2018	and	2019.	H. influenzae	co-infec-
tions	 diminished	 in	 both	 2020	 and	 2022	when	 contrasted	
with	2018	and	2019.	Moreover,	there	was	an	increase	in	M. 

Table 1	 Comparison	 of	 demographic	 and	 clinical	 characteristics	
between	M. pneumoniae-positive	and	-negative	pediatric	CAP	patients
Variables Positive	

patients
Negative	
patients

P	value

Number	of	patients 1505 3160
Age	(months) 36	(18–53) 15	(7–39) <	0.0001
Male	patients	[No.	(%)] 807	(53.62) 1945	(61.55) <	0.0001
PICU	admission	[No.	
(%)]

7	(0.47) 30	(0.95) >	0.05

Symptoms [No. (%)]
Cough 1455	(96.68) 2995	(94.78) <	0.01
Fever 629	(41.79) 1196	(37.85) <	0.05
Wheezing 394	(26.18) 861	(27.25) >	0.05
Respiratory co-infections [No. (%)]
IVA 16	(1.10) 35	(1.14) >	0.05
IVB 14	(0.97) 15	(0.49) >	0.05
PIV 35	(2.44) 136	(4.52) <	0.001
RSV 136	(9.33) 359	(11.68) <	0.05
ADV 10	(0.69) 10	(0.33) >	0.05
S. pneumoniae 287	(19.62) 569	(18.45) >	0.05
H. influenzae 251	(17.16) 553	(17.93) >	0.05
M. catarrhalis 247	(16.88) 566	(18.35) >	0.05
S. aureus 39	(2.67) 164	(5.32) <	0.0001
Quantitative	data	were	presented	as	medians	 (25th	 to	75th	percen-
tiles)
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The	RSV	infection	increased	in	2020	but	decreased	in	the	
following	two	years,	as	detailed	in	Table	3.

Seasonal variation of M. pneumoniae infections 
before and during the COVID-19 pandemic

The	number	of	M. pneumoniae	cases	displayed	a	seasonal	
trend,	 with	 higher	 incidences	 in	 autumn	 and	 winter	 for	
2018	and	2019.	In	2018,	despite	a	sudden	spike	in	June,	the	
infection	cases	remained	low	during	the	warmer	months.	In	
2019,	month-to-month	variations	were	observed	from	Janu-
ary	to	November,	with	a	significant	increase	in	December.	
The	numbers	between	April	and	November,	although	lower	
than	other	months	 in	2019,	were	higher	 than	 those	 in	 the	
corresponding	period	of	2018.	Even	though	infections	still	
peaked	during	colder	months	in	2020	and	2021,	the	number	
of	cases	was	lower	than	that	in	2019.	The	COVID-19	out-
break	caused	a	sharp	decline	in	infections	in	February	2020.	
The	 infections	 briefly	 rebounded	 during	 some	 spring	 and	

catarrhalis	co-infections	in	2021	versus	2018	and	2019,	with	
these	 changes	 all	 being	 statistically	 significant	 (P <	0.05).	
However,	the	occurrence	of	IVB,	PIV,	ADV,	S. pneumoniae 
and	S. aureus	co-infections	among	M. pneumoniae-positive	
patients	 remained	consistent	 across	 the	examined	periods,	
as	detailed	in	Table	2.

In	the	subset	of	M. pneumoniae-negative	CAP	patients,	
significant	 increases	 in	 the	 median	 age	 were	 observed	
from	2020	 to	2022	compared	 to	 the	years	2018	and	2019	
(P <	0.05).	 Unlike	 their	M. pneumoniae-positive	 counter-
parts,	 the	 proportion	 of	 males	 among	 this	 group	 showed	
a	 significant	 decrease	 in	 2020	 (P <	0.05),	 followed	 by	 an	
increase	in	the	subsequent	two	years.	Contrasting	with	IVB	
and	 ADV,	 the	 prevalence	 of	 other	 respiratory	 pathogen	
infections	experienced	significant	shifts	during	the	COVID-
19	pandemic	(P <	0.05).	These	changes	included	reductions	
in	 IVA,	 PIV,	H. influenzae,	 and	 S. aureus	 infections,	 but	
increases	 in	S. pneumoniae	 and	M. catarrhalis	 infections.	

Table 2	 Comparison	of	positivity	rates,	demographic	characteristics,	and	co-infection	patterns	in	M. pneumoniae-positive	CAP	patients	before	and	
during	the	COVID-19	pandemic
Variables 2018 2019 2020 2021 2022
M. pneumoniae-positives	[No.	(%)] 334	(29.79) 497	(36.41)	a 238	(33.81) 232	(28.36)	b 204	(31.05)	b

Age	(months) 32	(17–49) 36	(20–54)	a 16	(6-42.25)	a, b 40	(25–51)	a 51.5	(29–81)	a, b

Male	patients	[No.	(%)] 177	(52.99) 262	(52.72) 144	(60.50)	b 105	(45.26) 119	(58.33)
Respiratory co-infections [No. (%)]
IVA 2	(0.61) 13	(2.66)	a 1	(0.46) 0	(0.00)	b 0	(0.00)	b

IVB 2	(0.61) 7	(1.43) 4	(1.83) 1	(0.43) 0	(0.00)
PIV 6	(1.82) 16	(3.27) 10	(4.57) 2	(0.87) 1	(0.61)
RSV 26	(7.9) 29	(5.93) 51	(23.29)	a, b 20	(8.66) 10	(5.26)
ADV 2	(0.61) 5	(1.02) 0	(0.00) 0	(0.00) 3	(1.60)
S. pneumoniae 62	(18.79) 99	(20.71) 47	(20.43) 47	(20.61) 32	(16.24)
H. influenzae 61	(18.48) 93	(19.46) 26	(11.3)	a, b 49	(21.49) 22	(11.17)	a, b

M. catarrhalis 52	(15.76) 69	(14.44) 45	(19.57) 56	(24.56)	a, b 25	(12.69)
S. aureus 8	(2.42) 16	(3.35) 6	(2.61) 4	(1.75) 5	(2.54)
Continuous	variable	was	presented	as	the	median	(25-75th	percentiles);	a:	P <	0.05	Versus	2018;	b:	P <	0.05	Versus	2019

Table 3	 Comparison	of	demographic	characteristics	and	co-infection	patterns	 in	M. pneumoniae-negative	CAP	patients	before	and	during	 the	
COVID-19	pandemic
Variables 2018 2019 2020 2021 2022
Age	(months) 12	(6–26) 13	(6–33) 16.5	(6–41)	a 20	(9–43)	a, b 30	(11–52)	a, b

Male	patients	[No.	(%)] 505	(64.17) 538	(61.98) 259	(55.58)	a, b 366	(62.46) 277	(61.18)
Respiratory co-infections [No. (%)]
IVA 12	(1.55) 19	(2.22) 2	(0.45)	b 0	(0.00)	a, b 2	(0.50)	b

IVB 5	(0.65) 7	(0.82) 2	(0.45) 1	(0.17) 0	(0.00)
PIV 30	(3.87) 47	(5.48) 29	(6.47) 14	(2.41)	b 16	(4.58)
RSV 104	(13.42) 87	(10.15)	a 84	(18.75)	a, b 69	(11.88) 15	(3.63)	a, b

ADV 1	(0.13) 6	(0.70) 1	(0.22) 0	(0.00) 2	(0.50)
S. pneumoniae 148	(19.12) 137	(16.10) 85	(18.85) 119	(21.06)	b 80	(18.06)
H. influenzae 125	(16.15) 184	(21.62)	a 46	(10.20)	a, b 111	(19.65) 87	(19.64)
M. catarrhalis 102	(13.18) 150	(17.63)	a 116	(25.72)	a, b 121	(21.42)	a 77	(17.38)
S. aureus 39	(5.04) 57	(6.70) 24	(5.32) 29	(5.13) 15	(3.39)	b

Continuous	variable	was	presented	as	the	median	(25-75th	percentiles);	a:	P <	0.05	Versus	2018;	b:	P <	0.05	Versus	2019
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tested	positive	for	M. pneumoniae,	aligning	with	data	from	
other	regions	in	China	[10].	Consistent	with	existing	litera-
ture	 [11],	our	 study	observed	an	 increase	 in	 infection	 rate	
with	 age.	 However,	 in	 contrast	 to	 some	 previous	 studies	
[12],	M. pneumoniae	infection	was	more	prevalent	in	male	
patients	in	our	research.	The	main	mechanisms	of	respira-
tory	symptoms	caused	by	M. pneumoniae	include	adhesion	
and	direct	damage,	nutrient	predation,	invasion,	toxin	pro-
duction,	cytokine-induced	inflammation,	and	immune	eva-
sion	 effects	 [13].	While	 generally	 mild	 and	 self-limiting,	
M. pneumoniae	 can	 cause	 severe	CAP	or	 extrapulmonary	
complications	in	patients	of	all	ages.	In	our	study,	the	rate	
of	admission	to	the	PICU	was	comparable	between	patients	
testing	 positive	 for	M. pneumoniae	 and	 those	 who	 were	
negative.	 Nonetheless,	 M. pneumoniae-positive	 patients	
exhibited	a	higher	prevalence	of	symptoms	such	as	cough	
and	fever,	which	may	suggest	a	more	severe	illness	in	this	
group.

The	absence	of	a	cell	wall	makes	M. pneumoniae	inher-
ently	 resistant	 to	 β-lactam	 antibiotics	 [14].	 Macrolides,	
tetracyclines,	 and	 fluoroquinolones	 are	 effective	 against	
M. pneumoniae,	but	the	widespread	use	of	macrolides	has	
led	 to	 significant	 resistance	 rates,	 particularly	 in	 Eastern	
Asian	countries	[15].	Beyond	drug	resistance,	the	complex-
ity	of	treatment	for	M. pneumoniae	infection	can	be	further	
exacerbated	by	co-infections	with	other	 respiratory	patho-
gens	[16].	 In	our	study,	RSV	and	S. pneumoniae	emerged	
as	 the	 most	 prevalent	 viral	 and	 bacterial	 co-infections,	
respectively.	Contrary	to	previous	reports	that	highlighted	a	
higher	rate	of	viral	co-infections	[17],	our	findings	indicate	
that	 bacterial	 co-infections	 were	 more	 common,	 possibly	
due	to	the	lower	sensitivity	of	the	viral	detection	methods	
employed.	Moreover,	compared	to	M. pneumoniae-negative	
CAP	patients,	the	incidence	of	PIV,	RSV,	and	S. aureus	co-
infections	significantly	reduced	in	M. pneumoniae-infected	
patients,	 illustrating	 distinct	 co-infection	 patterns.	 Future	
research	focusing	on	the	severity,	outcomes,	and	antibiotic	

summer	months	 in	2020	and	2021.	 In	2022,	 the	 infection	
cases	remained	low,	lacking	a	typical	seasonal	pattern.	Dur-
ing	the	latter	part	of	2022,	coinciding	with	a	local	COVID-
19	outbreak,	there	wasn’t	a	notable	resurgence	in	infections.	
The	seasonal	trends	in	M. pneumoniae	positive	rates	were	
atypical	 throughout	 the	 five-year	 period,	 both	 before	 and	
during	the	COVID-19	pandemic,	and	the	trends	in	positive	
rates	did	not	always	align	with	the	number	of	positive	cases	
(Fig.	1).

Discussion

This	 research	comprehensively	evaluates	 the	variations	 in	
M. pneumoniae	 infection	 among	 pediatric	 CAP	 patients,	
contrasting	 the	 periods	 before	 and	 during	 the	 COVID-19	
pandemic.	The	overall	positivity	rate	for	M. pneumoniae	was	
32.26%,	with	a	higher	prevalence	 in	male	patients.	When	
comparing	M. pneumoniae-positive	 patients	 to	 those	who	
were	M. pneumoniae-negative,	the	former	group	exhibited	
significantly	higher	age	and	frequency	of	pneumonia-asso-
ciated	symptoms,	but	lower	proportion	of	male	patients	and	
fewer	respiratory	co-infections.	Notably,	there	was	a	signifi-
cant	increase	in	the	rate	of	M. pneumoniae	infection	in	2019	
compared	to	2018,	which	was	then	followed	by	a	decrease	
from	2020	to	2022.	During	the	COVID-19	pandemic,	sig-
nificant	 shifts	were	 observed	 in	 the	 age,	male	 proportion,	
and	 incidence	 of	 respiratory	 co-infections	 among	 pediat-
ric	CAP	patients,	 irrespective	of	M. pneumoniae	 infection	
status.	The	number	of	M. pneumoniae	 infections	in	colder	
months	in	2020	and	2021	followed	a	similar	trend	to	that	of	
2018	and	2019,	but	the	typical	seasonal	pattern	vanished	in	
2022.	The	seasonal	trends	of	positivity	rate	were	irregular	
over	these	five	years.

M. pneumoniae,	spread	via	respiratory	droplets	in	close	
contact,	is	a	prominent	pathogen	in	pediatric	CAP	globally	
[9].	Our	study	found	that	32.26%	of	pediatric	CAP	patients	

Fig. 1	 Seasonal	patterns	of	M. pneumoniae	infection	from	2018	to	2022
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in	2021	and	2022,	an	uptick	 in	RSV	 in	2020,	a	 reduction	
in	H. influenzae	 in	2020	and	2022,	 and	an	 increase	 in	M. 
catarrhalis	 infections	 in	 2021.	 For	 patients	 without	 M. 
pneumoniae	infection	in	our	study,	the	pattern	of	infections	
with	 other	 pathogens	 varied	 distinctly.	 In	 this	 group,	 the	
incidences	of	IVA,	PIV,	H. influenzae,	and	S. aureus	signifi-
cantly	declined	during	the	pandemic	period,	whereas	infec-
tions	with	S. pneumoniae	 and	M. catarrhalis	 saw	notable	
increases.	RSV	infections,	in	particular,	surged	in	2020	but	
then	 plummeted	 to	 their	 lowest	 levels	 in	 2022—a	 trend	
rarely	reported	elsewhere.	Concerning	seasonal	 trends,	M. 
pneumoniae	typically	peaks	in	autumn	and	winter	[29],	but	
the	pandemic	has	altered	these	patterns,	as	reported	in	vari-
ous	studies	[12,	25,	30].	Our	study	found	similar	seasonal	
trends	 in	 2018,	 2019,	 2020,	 and	 2021,	 with	 more	 cases	
during	 colder	months,	 though	 the	 pattern	was	 not	 consis-
tent	 in	warmer	months.	Remarkably,	 in	 2022,	 the	 decline	
in	autumn	and	winter	cases	led	to	the	disappearance	of	the	
typical	seasonal	pattern.	These	findings	further	highlight	the	
pandemic’s	impact	on	M. pneumoniae	infection	trends.	The	
absence	of	a	peak	at	the	end	of	2022	suggests	the	possibility	
of	a	delayed	peak	into	2023,	underscoring	the	critical	need	
for	ongoing	surveillance	of	M. pneumoniae	 infections	and	
their	 co-infections	 to	 better	 understand	 and	manage	 these	
evolving	dynamics.

This	study,	while	providing	valuable	insights,	acknowl-
edges	several	 limitations.	Firstly,	 the	resistance	rate	of	M. 
pneumoniae	varies	with	genotypes	[31],	and	increased	resis-
tance	to	antibiotics	like	macrolides	complicates	its	manage-
ment	[32].	Regrettably,	our	research	did	not	include	data	to	
evaluate	changes	 in	genotypes	and	antibiotic	resistance	of	
M. pneumoniae	 during	 the	 pandemic.	 Secondly,	 the	 diag-
nostic	accuracy	for	M. pneumoniae	infection	is	not	absolute	
with	single	test.	The	IFA	and	PPA	used	in	our	study,	while	
useful,	 do	 not	match	 the	 sensitivity,	 specificity,	 and	 diag-
nostic	performance	of	polymerase	chain	reaction	(PCR)	and	
chemiluminescence	 immunoassay	 (CLIA),	 leaving	 room	
for	 potential	 undetected	 infections	 [2,	 33].	 Thirdly,	 our	
study	did	not	incorporate	novel	molecular	diagnostic	tools	
that	 could	 definitively	 detect	 other	 common	 respiratory	
pathogens	such	as	rhinovirus,	enterovirus,	human	parecho-
virus,	and	Pneumocystis jirovecii	[34–38],	hence	we	cannot	
discount	 the	possibility	of	 co-infections	with	 these	patho-
gens	in	our	patient	cohort.	Fourthly,	the	absence	of	detailed	
clinical	 data	 concerning	 treatment	 approaches,	 antibiotic	
susceptibility,	and	patient	responses	to	treatment	limited	our	
ability	to	perform	an	in-depth	analysis	of	disease	dynamics.	
Fifthly,	conducting	the	research	in	a	large	tertiary	hospital	
introduces	the	possibility	of	survivorship	bias,	which	might	
not	accurately	reflect	the	broader	community	epidemiology.	
Additionally,	the	retrospective,	single-center	design	of	our	

resistance	of	infections	could	offer	deeper	insights	into	the	
patterns	 of	M. pneumoniae	 infections	 in	 community	 set-
tings,	 thereby	 enhancing	 our	 understanding	 and	 manage-
ment	of	this	disease.

The	COVID-19	pandemic	has	markedly	 influenced	 the	
infection	 landscape	 of	 various	 pathogens	 in	 recent	 years.	
In	our	 study,	 the	M. pneumoniae	 positivity	 rate	 in	pediat-
ric	CAP	patients	 increased	 significantly	 in	 2019,	 but	 then	
decreased	 from	 2020	 to	 2022,	 reaching	 levels	 similar	 to	
2018.	The	rates	in	2021	and	2022	were	significantly	lower	
than	in	2019.	This	pattern	mirrors	several	studies	reporting	
increases	in	M. pneumoniae	infections	in	2019	and	decreases	
during	 the	 COVID-19	 pandemic	 [12,	 18–20].	 Epidemio-
logically,	M. pneumoniae	infections	are	perennial,	with	epi-
demics	 every	 few	 years	 across	 diverse	 climates	 [21].	 For	
instance,	Europe	and	 Israel	 typically	experience	M. pneu-
moniae	epidemics	at	intervals	of	1	to	3	years	[21].	A	recent	
simultaneous	 epidemic	 in	multiple	 countries,	 primarily	 in	
Europe	 and	Asia,	 occurred	 in	 late	 2019–early	 2020	 [22].	
The	introduction	of	NPIs	against	COVID-19	abruptly	ended	
these	epidemics	and	 significantly	 reduced	M. pneumoniae 
detection	globally.	Even	when	other	respiratory	pathogens	
resurged,	M. pneumoniae	infection	remained	suppressed	in	
the	second	year	of	the	pandemic	[23].	Similar	phenomenon	
was	observed	in	our	study.	This	delayed	resurgence	is	note-
worthy	as	 it	might	be	unique	 to	M. pneumoniae,	possibly	
due	to	its	slow	generation	time,	long	incubation	period,	and	
relatively	low	transmission	rate,	which	might	necessitate	a	
longer	interval	for	the	re-establishment	of	infections	within	
a	population	[24].	These	insights	highlight	the	crucial	need	
for	continuous	monitoring	of	M. pneumoniae	epidemiology.

Beyond	the	positive	rate,	significant	shifts	in	the	demo-
graphic	characteristics	of	pediatric	CAP	patients	were	evi-
dent	during	the	COVID-19	pandemic.	In	our	research,	the	
median	age	of	M. pneumoniae-infected	children	 increased	
in	 2019,	 followed	by	 a	 decrease	 in	 2020,	 and	 subsequent	
increases	 in	 2021	 and	 2022.	 Several	 studies	 have	 noted	
shifts	 in	age	distribution	of	positive	cases	during	 the	pan-
demic	[12,	25,	26].	Unlike	previous	findings	[12,	27],	our	
study	observed	a	higher	proportion	of	male	patients	in	2020	
compared	 to	 2019.	 However,	 the	 gender	 distribution	 in	
2021	and	2022	mirrored	that	of	2018	and	2019.	In	a	distinct	
trend	 from	 M. pneumoniae-positive	 CAP	 patients,	 those	
without	M. pneumoniae	infection	witnessed	significant	age	
increases	from	2020	to	2022,	alongside	a	notable	decrease	
in	the	male	proportion	in	2020.	These	findings	underscore	
divergent	 demographic	 trends	 between	 the	 two	 patient	
groups	throughout	the	pandemic	period.

During	the	COVID-19	pandemic,	the	landscape	of	viral	
and	 bacterial	 co-infections	 alongside	M. pneumoniae	wit-
nessed	 dramatic	 shifts	 [5,	 28].	 Our	 research	 identified	
several	 significant	 changes:	 a	 decrease	 in	 IVA	 infections	

1 3

1218 European Journal of Clinical Microbiology & Infectious Diseases (2024) 43:1213–1220



3.	 Cunha	 BA	 (2006)	 The	 atypical	 pneumonias:	 clinical	 diagnosis	
and	importance.	Clinical	microbiology	and	infection:	the	official	
publication	of	the	European	Society	of	Clinical	Microbiology	and	
Infectious	diseases.	12(Suppl	3):12–24

4.	 Jiang	TT,	Sun	L,	Wang	TY,	Qi	H,	Tang	H,	Wang	YC,	Han	Q,	Shi	
XQ,	Bi	J,	Jiao	WW,	Shen	AD	(2023)	The	clinical	significance	of	
macrolide	resistance	in	pediatric	Mycoplasma pneumoniae	infec-
tion	 during	 COVID-19	 pandemic.	 Front	 Cell	 Infect	 Microbiol	
13:1181402

5.	 Zhang	LN,	Cao	L,	Meng	LH	(2022)	Pathogenic	changes	of	com-
munity-acquired	 pneumonia	 in	 a	 children’s	 hospital	 in	Beijing,	
China	before	 and	after	COVID-19	onset:	 a	 retrospective	 study.	
World	J	Pediatrics:	WJP	18(11):746–752

6.	 Ma	JE,	Ma	QF,	Wang	W,	Zeng	Y,	Cui	XH,	Wang	GL,	Liu	SY,	
Wang	 Z,	 Xiao	 X,	 Xia	 ZN,	 Zhu	 HC,	 Zhu	 CL	 (2022)	Analysis	
of	 common	 respiratory	 infected	 pathogens	 in	 3100	 children	
after	 the	 Coronavirus	 Disease	 2019	 Pandemic.	 Curr	 Med	 Sci	
42(5):1094–1098

7.	 Li	L,	Wang	H,	Liu	A,	Wang	R,	Zhi	T,	Zheng	Y,	Bao	Y,	Chen	Y,	
Wang	W	(2021)	Comparison	of	11	respiratory	pathogens	among	
hospitalized	children	before	and	during	the	COVID-19	epidemic	
in	Shenzhen,	China.	Virol	J	18(1):202

8.	 Shi	T,	Zhao	X,	Zhang	X,	Meng	L,	Li	D,	Liu	X,	Zheng	H,	Yu	D,	
Wang	T,	Li	R,	Li	J,	Shen	X,	Ren	X	(2023)	Immediate	and	long-
term	changes	in	the	epidemiology,	infection	spectrum,	and	clini-
cal	characteristics	of	viral	and	bacterial	respiratory	infections	in	
Western	China	after	the	COVID-19	outbreak:	a	modeling	study.	
Arch	Virol	168(4):120

9.	 Smith	 DK,	 Kuckel	 DP,	 Recidoro	 AM	 (2021)	 Community-
acquired	 pneumonia	 in	 children:	 Rapid	 evidence	 review.	 Am	
Family	Phys	104(6):618–625

10.	 Yan	Y,	Sun	J,	Ji	K,	Guo	J,	Han	L,	Li	F,	Sun	Y	(2023)	High	inci-
dence	of	the	virus	among	respiratory	pathogens	in	children	with	
lower	 respiratory	 tract	 infection	 in	 northwestern	China.	 J	Med	
Virol	95(1):e28367

11.	 Li	X,	Li	T,	Chen	N,	Kang	P,	Yang	J	 (2023)	Changes	of	Myco-
plasma pneumoniae	 prevalence	 in	 children	 before	 and	 after	
COVID-19	pandemic	in	Henan,	China.	J	Infect	86(3):256–308

12.	 Cheng	Y,	Cheng	Y,	Dai	S,	Hou	D,	Ge	M,	Zhang	Y,	Fan	L,	Pei	
Y,	Yu	L,	Xue	G,	Ma	L,	Sun	H	(2022)	The	prevalence	of	Myco-
plasma pneumoniae	among	children	in	Beijing	before	and	during	
the	COVID-19	pandemic.	Front	Cell	Infect	Microbiol	12:854505

13.	 Hu	J,	Ye	Y,	Chen	X,	Xiong	L,	Xie	W,	Liu	P	(2022)	Insight	into	the	
pathogenic	mechanism	of	Mycoplasma pneumoniae.	Curr	Micro-
biol	80(1):14

14.	 Bradley	JS,	Byington	CL,	Shah	SS,	Alverson	B,	Carter	ER,	Har-
rison	C,	Kaplan	SL,	Mace	SE,	McCracken	GH	Jr.,	Moore	MR,	
St	Peter	SD,	Stockwell	JA,	Swanson	JT	(2011)	The	management	
of	community-acquired	pneumonia	in	infants	and	children	older	
than	3	months	of	age:	clinical	practice	guidelines	by	the	Pediatric	
Infectious	Diseases	Society	and	the	Infectious	Diseases	Society	
of	America.	Clin	Infect	Diseases:	Official	Publication	Infect	Dis	
Soc	Am	53(7):e25–76

15.	 Wang	G,	Wu	P,	Tang	R,	Zhang	W	(2022)	Global	prevalence	of	
resistance	 to	 macrolides	 in	 Mycoplasma pneumoniae:	 a	 sys-
tematic	 review	 and	 meta-analysis.	 J	 Antimicrob	 Chemother	
77(9):2353–2363

16.	 Zhou	Y,	Wang	J,	Chen	W,	Shen	N,	Tao	Y,	Zhao	R,	Luo	L,	Li	B,	
Cao	Q	(2020)	Impact	of	viral	coinfection	and	macrolide-resistant	
mycoplasma	 infection	 in	 children	 with	 refractory	Mycoplasma 
pneumoniae	pneumonia.	BMC	Infect	Dis	20(1):633

17.	 Roh	EJ,	Shim	JY,	Chung	EH	(2022)	Epidemiology	and	surveil-
lance	 implications	 of	 community-acquired	 pneumonia	 in	 chil-
dren.	Clin	Experimental	Pediatr	65(12):563–573

18.	 Roh	EJ,	Lee	MH,	Lee	JY,	Kim	HB,	Ahn	YM,	Kim	JK,	Kim	HY,	
Jung	SS,	Kim	M,	Kang	EK,	Yang	EA,	Lee	SJ,	Park	Y,	Seo	JH,	

study	suggests	that	our	findings	may	not	be	entirely	repre-
sentative	of	other	geographical	areas.

Conclusions

In	 conclusion,	 our	 study	 delineates	 the	 evolution	 of	 M. 
pneumoniae	 infection	 in	 pediatric	 CAP	 patients	 on	 the	
periods	 before	 (2018–2019)	 and	 during	 (2020–2022)	 the	
COVID-19	pandemic.	We	noted	 substantial	 differences	 in	
age,	male	proportion,	pneumonia-associated	symptoms,	and	
co-infections	with	other	respiratory	pathogens	between	M. 
pneumoniae-positive	 and	 -negative	 CAP	 patients.	 Nota-
bly,	 there	was	a	 significant	 surge	 in	 the	positivity	 rate	 for	
M. pneumoniae	 in	2019,	which	declined	 to	 relatively	 low	
levels	from	2020	to	2022.	Throughout	the	COVID-19	pan-
demic,	significant	shifts	were	also	observed	in	the	median	
age,	male	proportion,	and	prevalence	of	co-infections	with	
certain	other	pathogens	among	both	groups	of	CAP	patients.	
Additionally,	 the	 typical	seasonal	 infection	patterns	disap-
peared	in	2022.	With	the	lifting	of	NPIs	against	COVID-19	
in	China	since	January	2023,	a	multicenter	study	involving	
more	participants	is	crucial	for	ongoing	surveillance	of	M. 
pneumoniae	infection	in	the	post-COVID-19	era.
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