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ABSTRACT
Objectives We aimed to summarise the prevalence of 
atypical pathogens in patients with severe pneumonia to 
understand the prevalence of severe pneumonia caused by 
atypical pathogens, improve clinical decision- making and 
guide antibiotic use.
Design Systematic review and meta- analysis.
Data sources PubMed, Embase, Web of Science and 
Cochrane Library were searched through November 2022.
Eligibility criteria English language studies enrolled 
consecutive cases of patients diagnosed with severe 
pneumonia, with complete aetiological analysis.
Data extraction and synthesis We conducted literature 
retrieval on PubMed, Embase, Web of Science and The 
Cochrane Library to estimate the prevalence of Chlamydia, 
Mycoplasma and Legionella in patients with severe 
pneumonia. After double arcsine transformation of the 
data, a random- effects model was used for meta- analyses 
to calculate the pooled prevalence of each pathogen. 
Meta- regression analysis was also used to explore 
whether the region, different diagnostic method, study 
population, pneumonia categories or sample size were 
potential sources of heterogeneity.
Results We included 75 eligible studies with 18 379 
cases of severe pneumonia. The overall prevalence of 
atypical pneumonia is 8.1% (95% CI 6.3% to 10.1%) In 
patients with severe pneumonia, the pooled estimated 
prevalence of Chlamydia, Mycoplasma and Legionella 
was 1.8% (95% CI 1.0% to 2.9%), 2.8% (95% CI 1.7% to 
4.3%) and 4.0% (95% CI 2.8% to 5.3%), respectively. We 
noted significant heterogeneity in all pooled assessments. 
Meta- regression showed that the pneumonia category 
potentially influenced the prevalence rate of Chlamydia. 
The mean age and the diagnostic method of pathogens 
were likely moderators for the prevalence of Mycoplasma 
and Legionella, and contribute to the heterogeneity of their 
prevalence.
Conclusions In severe pneumonia, atypical pathogens 
are notable causes, especially Legionella. The diagnostic 
method, regional difference, sample size and other 
factors contribute to the heterogeneity of prevalence. The 
estimated prevalence and relative heterogeneity factors 
can help with microbiological screening, clinical treatment 
and future research planning.
PROSPERO registration number CRD42022373950.

INTRODUCTION
Severe pneumonia is associated with 
high mortality, as well as pulmonary and 

extrapulmonary complications.1 Despite the 
rapid development of critical care medicine, 
severe pneumonia continues to pose a serious 
threat to human health. According to a US 
report, more than 1.5 million patients have 
been hospitalised annually due to community- 
acquired pneumonia (CAP); 17.1% of these 
are admitted to the intensive care unit (ICU), 
60.4% are scored as Pneumonia Severity 
Index risk class IV or V and CAP is thought 
to be the primary cause of one out of every 
three in- hospital deaths.2 The incidence of 
atypical pathogens in CAP patients world-
wide (including inpatients and outpatients) 
is about 22%.3 Population- based surveillance 
for CAP requiring hospitalisation from 2010 
to 2012 in the USA revealed that approxi-
mately 21% of adults4 and children5 required 
intensive care. The most common pathogens 
in hospitalised adults with CAP are viruses 
(15%) and Streptococcus pneumoniae (5%), 
but atypical pathogens (Mycoplasma pneumo-
niae, Legionella pneumophila and Chlamydophila 
pneumoniae) also account for 4%.4 Among 
children aged 5 or older, M. pneumoniae is the 
most commonly detected (19%).5 Although 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the first systematic review and meta- analysis 
to provide a comprehensive estimate of the preva-
lence of atypical pathogens in patients with severe 
pneumonia.

 ⇒ Unlike previous global reports, included data in this 
study is not limited to studies conducted in devel-
oped countries and the data from developing coun-
tries are also included.

 ⇒ We used subgroup analysis and meta- regression 
analysis to assess the potential cause of 
heterogeneity.

 ⇒ The lack of a widely and internationally adopted 
criteria for the diagnosis of severe pneumonia is 
likely to affect the inclusion and exclusion of eligible 
studies.

 ⇒ The substantial heterogeneity was not fully ex-
plained by the variables examined.
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the infection of atypical pathogens in severe pneumonia 
is not the most common, it can nonetheless cause serious 
complications, not only in the elderly but also in healthy 
adults.6 7

Chlamydia pneumoniae, Chlamydia psittaci and Chlamydia 
trachomatis are the most common species in the Chla-
mydiaceae family that are pathogenic to humans; these 
species can infect the respiratory tract and reproductive 
tract, cause trachoma, pneumonia and digestive disor-
ders.8 Children may have a higher frequency of infec-
tion with C. pneumoniae.9 10 However, recent studies 
suggest that the prevalence of Chlamydia infection is 
probably underestimated due to a lack of awareness11–13 
or testing limitations.14 In addition, some studies suggest 
that Chlamydia infection is a risk factor for asthma,15 
Alzheimer’s disease16 and cardiovascular disease.17 M. 
pneumoniae infections are relatively more common than 
Chlamydia infections, with seasonal epidemic character-
istics, and they exhibit a higher proportion of infections 
in young people (5–20 years of age).3 5 However, in some 
countries, patients over the age of 25 also show a high 
prevalence.18

Legionnaires’ disease, caused by Legionella bacteria, 
always manifests as severe atypical pneumonia and systemic 
infections, with a high percentage of patients requiring 
ICU admission.19 The mortality rate of Legionella pneu-
monia is about 10%,20 and higher in patients admitted 
to ICU at 20%.21 The prevalence of Legionnaires’ disease 
is seasonal, mostly occurring in the summer and early 
autumn.22 Data from the US indicates that the incidence 
of Legionnaires’ disease increased by 192% between 2000 
and 2009.23 Compared with 0.48 cases/100 000 popula-
tion during 1992–2002, its average incidence soared to 
2.71 cases/100 000 in 2018.24

Previous studies indicated variations in the prevalence 
of atypical pathogens in severe pneumonia in different 
groups, but mostly restricted to certain regions or only 
focused on a single pathogen, like Legionella. Prior reviews 
or meta- analysis about the prevalence of atypical patho-
gens in severe pneumonia is lacking. Understanding 
of the prevalence of infected pathogen is necessary 
when applying empirical antibiotic treatment in severe 
pneumonia.

Recommendations about the antibiotic treatment in 
severe pneumonia should be based on the best available 
evidence. To improve clinical decision- making and guide 
empirical antibiotic use, we systematically reviewed the 
prevalence of atypical pathogens, mainly Chlamydia, Myco-
plasma and Legionella, in patients with severe pneumonia. 
We also explored the potential causes for differences 
between the original studies through meta- regression 
analysis, and investigated whether the prevalence was 
associated with the year of publication, study regions, 
mean age, study population, sample size, pneumonia 
categories and diagnostic methods.

METHODS
Search strategies and screening criteria
We searched PubMed, Embase, Web of Science and The 
Cochrane Library for publications to identify studies 
that contain information on the prevalence of the atyp-
ical pathogen in severe pneumonia. All the studies were 
published before 13 November 2022. The search strategy 
is described in online supplemental material 1. We also 
manually screened the reference lists of review arti-
cles identified through previous searches. Our analysis 
process complied with the Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses guidelines.25

Two reviewers (SW and JT) independently screened the 
titles and abstracts of all potentially eligible studies with 
support from a third reviewer (LQ). After the exclusion 
of studies according to the eligibility criteria, full- text arti-
cles were assessed by the same reviewers. The inclusion 
criteria are as follows: studies enrolled consecutive cases 
of patients diagnosed with severe pneumonia, conducted 
a complete aetiological analysis and provided infor-
mation on the prevalence of Chlamydia, Mycoplasma or 
Legionella. We also confirmed that the studies definitively 
tested for at least one atypical pathogen. The pathogen 
detection methods in all the literature are all recognised 
as meeting the testing guidelines. We excluded studies if 
they targeted specific populations, such as elderly individ-
uals, post- transplant populations and patients requiring 
mechanical ventilation, or if atypical pathogenic infec-
tions were grouped and prevalence was not available 
separately for Chlamydia, Mycoplasma and Legionella. We 
also excluded non- English reports when reviewing the 
full texts. The protocol of this meta- analysis was published 
in PROSPERO (International Prospective Register for 
Systematic Reviews).

Data extraction and quality assessment
Data extraction was a multistep process based on the eligi-
bility criteria. Two investigators (SW and JT) were respon-
sible for the main research, and they independently 
extracted data onto a standardised form that included 
data related to study characteristics, including published 
year, mean age, geographical region, study population, 
diagnostic criteria, classification of severe pneumonia 
and diagnostic methods of Chlamydia, Mycoplasma and 
Legionella spp. Extracted data were compared, whereas 
disagreements between the two investigators were 
resolved through consensus discussion.

A modified version of an 11- item checklist recom-
mended by the Agency for Healthcare Research and 
Quality (AHRQ) was used to evaluate the risk of bias in 
non- randomised studies.26–28 All studies that met the inclu-
sion criteria for analyses were assessed for risk of bias by 
the AHRQ checklist. An item would be scored ‘1’ if it was 
answered ‘Yes’; if it was answered ‘No’ or ‘Unclear’, then 
the item scored ‘0’. Article quality was assessed as follows: 
low quality=0–3; moderate quality=4–7; high quality=8–11 
(online supplemental material 2 and table 1). All studies 
were independently rated by SW and JT, and checked 
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by LQ to resolve any disagreements. We extracted the 
prevalence of each pathogen or the pool prevalence of 
atypical pathogens in the category of severe pneumonia, 
and calculated the rate by the number of cases and total 
participants in those without exact prevalence.

Statistical analysis
The pooled and separate prevalence of atypical patho-
gens (Chlamydia, Mycoplasma and Legionella) in severe 
pneumonia were estimated using the ‘meta’ package in 
R software (V.4.1.3), with double arcsine transformation 
to convert data, calculating 95% CIs using the Wilson 
method. We quantified heterogeneity estimates for the 
pooled estimates of prevalence using the I² statistic. Since 

considerable heterogeneity was expected (I2 >50%), we 
used random effects models in our analyses.

We assessed the possible sources of heterogeneity by 
performing subgroup and meta- regression analyses. In 
subgroup analysis, we divided the population into adults, 
children and mixed groups. Mixed groups were defined 
as when the studies did not distinguish between adults 
or children and only reported the overall prevalence of 
atypical pathogenic infections. We also calculated the 
prevalence of atypical pathogens in patients with severe 
pneumonia by different continents. To investigate the 
prevalence of atypical pathogens for different categories 
of severe pneumonia, we performed the following anal-
ysis: since the classification of severe pneumonia was not 

Table 1 Univariate meta- regression for prevalence of Chlamydia, Mycoplasma and Legionella in patients with severe 
pneumonia

Covariate Estimate (%) Lower 95% CI Upper 95% CI P value R2 (%)

Chlamydia (n=49)

  Year of publication −0.12 −0.43 0.18 0.42 4.55

  Sample size (continuous) −0.01 −0.02 0.00 0.03 2.35

  Sample size (≥100 vs <100) −6.02 −12.71 0.67 0.08 3.19

  Mean age −0.06 −0.26 0.14 0.58 0.43

  Population (adults vs children) −3.05 −10.29 4.19 0.41 24.03

  Region (Asia vs others) 12.08 0.15 24.02 0.05 42.22

  Category (others vs CAP) −9.85 −17.06 2.64 0.01 13.14

  Diagnostic method (others vs culture) 3.09 −3.39 9.57 0.35 0.00

  Diagnostic method (PCR vs others) −11.30 −17.59 −5.01 0.004 9.66

Mycoplasma (n=62)

  Year of publication 0.21 −0.14 0.55 0.24 1.35

  Sample size (continuous) −0.00 −0.01 0.01 0.79 0.00

  Sample size (≥100 vs <100) −0.88 −8.38 6.62 0.82 0.00

  Mean age −0.18 −0.34 −0.03 0.01 26.91

  Population (adults vs children) 6.50 −1.73 14.90 0.12 8.95

  Region (Asia vs others) 0.15 −0.47 30.98 0.06 39.58

  Category (others vs CAP) −5.43 −14.27 3.41 0.23 4.08

  Diagnostic method (others vs culture) 2.84 −4.62 10.31 0.46 0.00

  Diagnostic method (PCR vs others) 0.96 −6.60 8.51 0.80 0.00

Legionella (n=57)

  Year of publication −0.49 −0.76 −0.21 0.0001 6.01

  Sample size (continuous) −0.01 −0.02 0.00 0.04 0.46

  Sample size (≥100 vs <100) −7.58 −13.58 −1.59 0.01 8.89

  Mean age −0.42 −0.70 0.13 0.004 7.73

  Population (adults vs children) −9.10 −19.11 0.92 0.08 9.51

  Region (Asia vs others) 5.66 −14.39 25.71 0.58 13.09

  Category (others vs CAP) −1.09 −8.35 6.17 0.77 0.00

  Diagnostic method (others vs culture) 1.24 −4.88 7.36 0.69 4.50

  Diagnostic method (PCR vs others) −10.53 −16.66 −4.40 0.008 21.22

CAP, community- acquired pneumonia; PCR, polymerase chain reaction.
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reported in most paediatric studies, for Chlamydia and 
Mycoplasma, we conducted a subgroup analysis of non- 
paediatric studies by pneumonia category. We divided 
the sample into adults and children in one study,29 as it 
presents different prevalence in two groups, respectively, 
and we also divided a study30 into the severe community- 
acquired pneumonia (SCAP) group and severe hospital- 
acquired pneumonia (SHAP) group for the same reason.

In meta- regression, factors included in the univariate 
and multivariate analyses were the year of publication, 
sample size (by treating sample size as a continuous vari-
able, and by comparing sample size greater than or equal 
to 100 with less than 100), mean age, study population 
(by comparing adults samples with children samples), 
region of the study (by comparing studies from Asia with 
those from other continents), pneumonia categories (by 
comparing SCAP with other types of pneumonia) and 
diagnostic methods of the pathogens (by comparing the 
traditional method of culture and PCR with others). To 
promote model stability, we only included factors that 
exhibited significant differences (p<0.05) in the univar-
iate analysis into the multivariate meta- regression model. 
Sensitivity analyses were conducted on Chlamydia, Myco-
plasma and Legionella groups, respectively, to test the 
robustness of our statistical model. Publication bias of the 
studies was examined using the Egger’s test.31 All statis-
tical analyses were conducted using R software (V.4.1.3). 
A p value of <0.05 was considered statistically significant.

Patient and public involvement
No patients were involved in setting the research question, 
in developing plans for design, interpretation, reporting 
or implementation of the study. No patients were asked to 
advise on interpretation or reporting of results.

RESULTS
A total of 6795 articles were identified from the database 
searches. After removing duplicates and preliminary 
screening, 376 studies with full text available were assessed. 
Through strict screening criteria, we finally included 75 
studies (n=18 379) published between 1985 and 2022 in 
our meta- analysis (figure 1). Among the studies included, 
53 studies reported data for adults (n=10 404),4 29 30 32–81 
17 studies for children (n=6652)29 35 82–96 and 7 studies for 
mixed groups (n=1323)97–103 (online supplemental mate-
rial 2 and table 1). Forty- eight reported data for Chla-
mydia (n=12 087)4 30 32–34 39–42 44 46 48–50 53 56 58 60–65 67–70 72 74 

75 78–82 84–88 90 91 93 97–99 101 102, 61 for Mycoplasma (n=15 101)4 

30 32–34 36 37 39–50 53–58 60–70 72 74 79–91 93–102 and 56 for Legionella 
(n=11 144).4 30 32–34 36–50 52 55 56 58–65 67–70 72–81 84 86 87 92 93 97–101 

103 The most frequent reason for excluding literature was 
the lack of a complete aetiological analysis. It should be 
noted that there were four studies29 52 80 98 that considered 
the prevalence of Mycoplasma and Chlamydia as a whole, 
and we could not obtain more detailed information on 
their respective prevalence rate; we then excluded this 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) flow diagram.
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study when calculating the pooled prevalence of either 
Chlamydia or Mycoplasma. Moreover, 27 of the 75 studies 
were from Asia,29 43 53 54 59 63 64 67 68 70 75–78 81–83 89 92–96 99–102 28 
from Europe,30 32–34 37–42 44–47 50–52 56 57 60 61 65 66 71 72 74 97 98 9 
from Africa,35 36 62 73 84–87 91 4 from South America,48 55 69 88 
3 from North America,4 49 79 2 from Australia58 103 and 2 
studies80 90 did not present the exact continents.

All of the included studies were assessed for risk of 
bias. The quality score of each study was presented in 
online supplemental material 2 and table 1. Of all the 75 
included studies, 56 studies were of high quality and 19 
studies were of moderate quality. There were no studies 
with low quality ratings. The quality scores ranged from 5 
to 10 (moderate- to- high quality), indicating satisfactory 
quality in the meta- analysed literature.

The overall prevalence of atypical pathogens including 
Chlamydia, Mycoplasma and Legionella in patients with 
severe pneumonia was 8.1% (95% CI 6.3% to 10.1%; 
I2=95%), ranging from 0% to 48.1%, of which the prev-
alence in adults (7.6%; 95% CI 5.8% to 9.6%; I2=91%) 
was slightly lower than that in children (7.8%; 95% CI 
3.6% to 13.2%; I2=98%). The mixed group that did not 
distinguish adults and children presented a prevalence of 
12.1%, which contributed a lot to the overall prevalence 
(figure 2). SCAP has a greater overall prevalence of 8.96% 
(95% CI 6.85% to 11.29%, I2=94.5%) than other types of 
pneumonia (5.57%, 95% CI 2.91% to 8.96%, I2=94.4%). 
In different regions, the prevalence in Europe is highest 
(10.12%, 95% CI 7.79% to 12.69%, I2=83.4%), followed 
by Asia (9.23%, 95% CI 6.00% to 13.04%, I2=96.0%) 
and other continents (4.08%, 95% CI 2.11% to 6.59%, 
I2=90.9%).

Chlamydia
In the meta- analysis of the prevalence for each pathogen, 
the pooled prevalence of Chlamydia in patients with severe 
pneumonia was 1.8% (95% CI 1.0% to 2.9%; I2=91%), 
ranging from 0% to 23.1% and the prevalence in chil-
dren (1.1%; 95% CI 0.06% to 3.0%; I2=92%) was slightly 
lower than that in adults (1.8%; 95% CI 0.1% to 2.8%; 
I2=85%) (figure 3). Geographically, patients with severe 
pneumonia had the highest prevalence of Chlamydia in 
Asia at 4.0% (95% CI 1.6% to 7.1%; I2=91%), followed 
by Europe at 1.3% (95% CI 0.6% to 2.1%; I2=56%) and 
other continents at 0.7% (95% CI 0% to 1.9%; I2=85%) 
(online supplemental figure S1). As many studies focused 
on children did not identify the pneumonia categories, 
we performed a subgroup analysis of all adults’ studies 
and we found only one Chlamydia infection in patients 
with pneumonia categories other than SCAP.

After we excluded two large studies82 101 based on sensi-
tivity analysis, the pooled prevalence rate dropped slightly 
to 1.44% (95% CI 0.77% to 2.26%), but it displayed high 
heterogeneity (I2=86.4%). In the meta- regression anal-
ysis, the region (Asia or others) of the study that exhib-
ited the highest statistical difference in the univariate 
analysis (p=0.05) accounted for 42.2% of the sources of 
overall heterogeneity (table 1). The univariate regression 

also shows that the prevalence in SCAP is higher than in 
other pneumonia categories, which also takes 13.14% 
of the heterogeneity. The diagnostic method of patho-
gens (PCR vs others) also contributes to the heteroge-
neity with statistical significance (p=0.004). And sample 
size (continuous), pneumonia categories and diagnostic 
methods remained statistically significant in the multivar-
iate analysis, indicating that these factors account for a 
great part of the heterogeneity (R2=41.5%). The Egger’s 
test indicated that there was no significant publication 
bias for analysis evaluating the prevalence of Chlamydia 
(p=0.052).

Mycoplasma
The pooled estimated prevalence of Mycoplasma in 
patients with severe pneumonia was 2.8% (95% CI 1.7% 
to 4.3%; I2=95%), ranging from 0% to 32.7% and it 
was more common in children (4.8%; 95% CI 1.3% to 
10.1%; I2=98%) than in adults (1.9%; 95% CI 1.2% to 
2.8%; I2=77%) (figure 4). In terms of regional distribu-
tion, the prevalence of Mycoplasma in patients with severe 
pneumonia was highest in Asia (6.1%; 95% CI 3.0% to 
10.1%; I2=96%), followed by Europe (2.1%; 95% CI 1.1% 
to 3.3%; I2=70%) and other continents (0.8%; 95% CI 
0.1% to 1.7%; I2=75%) (online supplemental figure S2). 
In the subgroup analysis of adults, we found that SCAP 
(2.0%; 95% CI 1.2% to 3.0%; I2=79%) was more common 
than hospital- acquired pneumonia (HAP) (1.1%, 95% CI 
0.03% to 2.3%, I2=21%).

Based on the results of the sensitivity analysis, we 
excluded four studies in children,82 86 94 95 three of which 
had the highest prevalence and one with the lowest prev-
alence; after the exclusion, the prevalence of Mycoplasma 
in patients with severe pneumonia was slightly reduced 
to 2.24% (95% CI 1.50% to 3.08%), with a heterogeneity 
of I2=84.4% (95% CI 80.5% to 87.5%). In the univariate 
meta- regression analysis, the prevalence of Mycoplasma 
was lower in studies with higher mean age (p=0.01), 
accounting for 26.9% of overall heterogeneity; and the 
diagnostic methods (PCR vs other) also show statistical 
significance. Region of the studies was also a possible 
source of heterogeneity accounting for 39.6%, but with 
weak statistical significance (p=0.06) (table 1). As other 
factors had no obvious relationships with heterogeneity, 
we did not perform further multivariate meta- regression 
analysis. The Egger’s test did not show evidence of publi-
cation bias for analysis evaluating the prevalence of Myco-
plasma (p=0.87).

Legionella
The prevalence rate of Legionella in severe pneumonia was 
4.0% (95% CI 2.8% to 5.3%; I2=90%), ranging from 0% to 
30% and adults (4.2%; 95% CI 2.9% to 5.6%; I2=87%) had a 
higher prevalence than children (1.4%, 95% CI 0% to 6.4%; 
I2=94%) (figure 5). Compared with other regions, Europe 
(6.3%; 95% CI 3.9% to 9.2%; I2=89%) had the highest 
prevalence of Legionella in patients with severe pneumonia, 
followed by Asia (3.6%; 95% CI 2.0% to 5.7%; I2=84%) 
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Figure 2 The pooled estimated prevalence of atypical pathogens in patients with severe pneumonia. Displayed values are 
mean and 95% CIs.

 on O
ctober 14, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-066721 on 11 A

pril 2023. D
ow

nloaded from
 

http://bmjopen.bmj.com/


7Wang S, et al. BMJ Open 2023;13:e066721. doi:10.1136/bmjopen-2022-066721

Open access

Figure 3 The estimated prevalence of Chlamydia in patients with severe pneumonia. Displayed values are mean and 95% CIs.
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Figure 4 The estimated prevalence of Mycoplasma in patients with severe pneumonia. Displayed values are mean and 95% 
CIs.
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Figure 5 The estimated prevalence of Legionella in patients with severe pneumonia. Displayed values are mean and 95% CIs.
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and other continents (1.5%; 95% CI 0% to 3.1%; I2=82%) 
(online supplemental figure S3). Analysis of 46 adults studies 
showed that the overall Legionella prevalence in adults was 
4.2% (95% CI 2.91% to 5.58%; I2=87%). And detailed pneu-
monia categories analysis revealed that in 40 SCAP studies, 
the prevalence of Legionella in patients with SCAP was 4.0% 
(95% CI 2.73% to 5.41%; I2=85%), which was slightly lower 
than the other pneumonia categories (5.28%; 95% CI 0.92% 
to 12.51%; I2=93%), but there was no significant statistical 
difference between the two groups (p=0.72) and the small 
sample size of other pneumonia categories (n=6) may attri-
bute to this difference.

After a sensitivity analysis, we excluded a large sample size 
study in children and three studies with the highest preva-
lence rates32 40 92 after which the prevalence of Legionella in 
patients with severe pneumonia slightly fell to 3.49% (95% CI 
2.5% to 4.6%), with a slightly lower but still significant hetero-
geneity (I2=84.2%; 95% CI 80.1% to 87.5%). The individual 
variable meta- regression analysis revealed that year of publi-
cation (p<0.0001), sample size, mean age (p=0.004) and the 
diagnostic methods (PCR vs others) were likely related to 
heterogeneity, and notably, the diagnostic methods (PCR vs 
others) accounted for 21.22% of overall differences. It indi-
cates the methods with higher accuracy and new diagnostic 
method may be the possible reason for the heterogeneity 
of the prevalence. The prevalence was remarkably higher 
in older reports and older adults. And after multivariate 
meta- regression analysis, only mean age was strongly associ-
ated with heterogeneity (p=0.002). Factors included in our 
multivariate regression explained 12.86% of the total hetero-
geneity (table 2). The Egger’s test indicated the existence of 
publication bias in the prevalence of Legionella (p=0.02).

DISCUSSION
Our meta- analysis identified 75 studies of 18 379 individ-
uals from 6 continents. The main finding is that the overall 
prevalence of the atypical pathogen in severe pneumonia 
is 8.1%, and children present a higher prevalence than 

adults. In patients with severe pneumonia, the prevalence 
of Legionella was the highest and Chlamydia was the lowest. 
The trend of the prevalence in adults was similar to the 
overall trend, while in children, Mycoplasma was the most 
common and Legionella was rare. Our study also suggests 
that in adults, atypical pathogens (including Chlamydia 
and Mycoplasma) had a higher prevalence in SCAP than 
that in other types of pneumonia.

Previous research of the prevalence of atypical pathogens 
in patients with CAP showed that the prevalence of Myco-
plasma is highest in both adults and children, and Legionella 
had the lowest prevalence, with a rate of 2.7%.104 Studies 
based on outpatients with CAP showed a similar conclu-
sion.105 106 Nevertheless, our study indicates that Legionella is 
the most common atypical pathogen, with a prevalence of 
4.0% in both severe pneumonia and SCAP. This finding leads 
to the inference that Legionella is more likely to cause serious 
infections compared with the other two pathogens, especially 
in adults. Furthermore, L. pneumophila serotype 1 is previ-
ously the most- tested and widely- studied Legionella spp that 
causes human pneumonia, but other species have recently 
been reported, such as Legionella bozemanii34 and Legionella 
longbeachae,101 107 which are also responsible for severe infec-
tions. For Mycoplasma and Chlamydia, young people displayed 
a higher prevalence than elderly individuals did in both CAP 
and SCAP.108 In our meta- analysis, the prevalence of Myco-
plasma and Chlamydia in severe pneumonia was 2.8% and 
1.8%; these rates are significantly lower than a previous study 
in which non- severe pneumonia had a prevalence of 10.1% 
and 3.5%, respectively.104 Therefore, these two pathogens 
may cause severe lung conditions in only a small percentage 
of cases. Moreover, Gacouin et al109 found that severe pneu-
monia due to C. psittaci shared similarities with various aspects 
of severe legionellosis.

In addition, the distribution of pathogens varied according 
to the geographical region: in Asia, the prevalence of Myco-
plasma was the highest in patients with severe pneumonia, 
followed by Chlamydia and Legionella; however, in Europe, 

Table 2 Multivariate meta- regression for prevalence of Chlamydia, and Legionella in patients with severe pneumonia

Covariate Estimate (%) Lower 95% CI Upper 95% CI P value

Chlamydia (n=49)

  Sample size (continuous) −0.01 −0.02 0.00 0.01

  Region (Asia vs others) 0.75 −6.88 21.85 0.30

  Category (others vs CAP) −8.52 −15.16 −1.87 0.01

  Diagnostic method (PCR vs others) −8.15 −14.18 −2.13 0.008

Legionella (n=57)

  Year of publication −0.25 −0.60 −0.10 0.16

  Sample size (continuous) 0.00 −0.01 0.02 0.85

  Sample size (≥100 vs <100) −1.90 −9.50 5.71 0.62

  Mean age −0.45 −0.74 −0.15 0.002

  Diagnostic method (PCR vs others) −7.67 −15.56 0.23 0.06

CAP, community- acquired pneumonia; PCR, polymerase chain reaction.
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Legionella was the most common pathogen with a high prev-
alence of 6.3%, while Chlamydia was the least prevalent. The 
different testing frequency of atypical pathogens is one reason 
for the inconsistent prevalence among regions. Compared 
with other countries, Europe had the highest frequency 
of patients that underwent testing for atypical pathogens, 
whereas Africa and South America had a lower frequency; 
moreover, patients with severe CAP have a lower testing 
frequency compared with that of non- severe patients.110 In 
our study, we only included studies that reported testing for 
at least one atypical pathogen; these studies were primarily 
from Asia and Europe, even though we did not restrict the 
inclusion criteria regarding regions. As there is likely regional 
variation in the degree of recognition by clinicians and 
economic conditions, future studies in low- income countries 
are necessary.

In meta- regression analysis, we found several possible 
factors for heterogeneity. For Chlamydia, we found that Chla-
mydia infection almost exclusively occurred in SCAP, which 
is consistent with the conventional cognition that C. pneumo-
niae is one of the pathogens associated with CAP, rather than 
HAP.105 Additionally, C. psittaci, another species of Chlamydia, 
can cause zoonotic disease, although this condition is often 
contracted outside the hospital because it necessitates a clear 
history of contact with birds.8 A recent study inferred that C. 
pneumoniae and M. pneumoniae are not related to nosocomial 
respiratory tract infections in ICU patients.111 For Mycoplasma, 
the mean age accounted for a part of the heterogeneity, with 
lower prevalence in older people. This is consistent with the 
traditional belief that M. pneumoniae is more common in 
children.112 Although Legionnaires’ disease is rare in chil-
dren, Greenberg et al113 suggested heightened vigilance to 
its non- specific clinical manifestations and high mortality 
rate (33%), especially when empirical antibiotic treatment 
is ineffective. Legionella was also a common microorganism 
in severe HAP, and previous studies revealed that both 
CAP105 114 and HAP (whether or not mechanical ventilation 
is required)115 account for a certain proportion of Legionella 
infections. However, other research116 showed a lower preva-
lence rate in HAP, from which our results are different. The 
higher rate of HAP and other pneumonia types displayed 
in our results may be related to the small sample size of this 
group. Another factor may be the aquatic properties of Legio-
nella spp.22 Regional water pollution, including in hospitals, 
can lead to outbreaks of Legionella pneumonia. The signifi-
cant heterogeneity in these analyses demonstrates the need 
for aetiology analysis to place special emphasis on a thorough 
description of pneumonia categories and samples.

Regarding the diagnostic method of pathogens detec-
tion, we identified several possible reasons to explain the 
heterogeneity. After we factored this variable into meta- 
regression analysis, we found the diagnostic method 
(PCR vs others) demonstrated statistical significance 
in the prevalence of Chlamydia and Legionella. However, 
many studies used multiple test methods and merged the 
results to calculate the overall prevalence, so the factor 
cannot be fully explained. The lack of uniform guide-
lines for the detection of atypical pathogen infections 

also led to statistical differences between studies. Further-
more, the latest detection methods used in the studies, 
like metagenomic next- generation sequencing and trans-
mission electron microscope screening, only included a 
small sample size in severe pneumonia, which prevented 
us from further analysis. Some factors that we did not 
assess might also be related to heterogeneity, such as the 
diagnostic criteria of severe pneumonia, the distribution 
of infection throughout different seasons, or whether 
antibiotics were used prior to microbial testing. Accord-
ingly, future studies should describe these aspects more 
specifically.

The outbreak of COVID- 19 may influence the prevalence 
of atypical pathogens in severe pneumonia.117 However, 
unlike the natural occurrence of CAP in the population, 
COVID- 19 pneumonia is a manually- managed infectious 
disease with strict quarantine measures for a long period.118 
Therefore, we did not include the study about the atypical 
pathogen infections in COVID- 19. But in the post- pandemic 
era, analysis of COVID- 19 and its co- infection with atypical 
pathogens may present different insights.

The primary takeaway from our research is that the atyp-
ical pathogen is a common cause of severe pneumonia, 
and the identification of infections should be integral to 
the effective empirical treatment of severe cases. The high 
prevalence of the atypical pathogen implies when tradi-
tional antibiotic therapy fails to treat severe pneumonia, 
atypical pathogens infection should be considered. Or 
we can use antibiotics covering atypical pathogens once 
severe pneumonia is diagnosed. The empirical antibiotic 
coverage for CAP or other pneumonia mainly focuses on 
using penicillin and cephalosporins. But for patients with 
severe pneumonia, it is important to cover the atypical 
pathogen infection by using antibiotics such as quino-
lones, tetracyclines and sulfonamides.

The results of our systematic review should be explained 
within limited contexts. First, our results may be influ-
enced by the quality of original studies and their reporting 
bias, and the exclusion of non- English publications likely 
contributed to the bias. However, based on the Egger’s 
test, only Legionella presented publication bias with statis-
tical significance. To reduce such effects, we strictly stip-
ulated literature- screening criteria and excluded studies 
for special populations, which likely do not represent the 
prevalence in the whole population. Second, our analysis 
did not include infection due to Coxiella burnetii, one of 
the atypical pathogens commonly discussed,119 because 
there were few relevant reports at the initial search, 
and only a small number of cases of C. burnetii infec-
tion exhibit mild- to- moderate pneumonia while severe 
pneumonia is infrequent.120Third, our analysis found 
substantial heterogeneity; although several factors were 
identified, there were still some characteristics that could 
not be assessed, such as the different diagnostic criteria 
for severe pneumonia. Although we found the diagnostic 
method (PCR vs others) contributes a lot to the hetero-
geneity, the detection of pathogens still varies greatly and 
is hard to be sorted. Additionally, the articles we included 
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cover a wide time span, and the definition of severe pneu-
monia has been gradually improved from scratch over 
time. As shown in online supplemental material 2 and 
table 2, many old studies only used ICU admission as the 
inclusion criteria, which prevented us from the further 
subgroup analysis. Furthermore, the impact of seasonal 
epidemics and regional outbreaks and different sensitivi-
ties and specificities of various laboratory testing methods 
may contribute to underdiagnosis.104 Although PCR can 
provide rapid results,14 121 a combination of multiple labo-
ratory methods can be more reliable.122 123

CONCLUSIONS
This meta- analysis summarises the prevalence of atyp-
ical pathogens in patients with severe pneumonia. Our 
work demonstrates that atypical pathogens infections 
are common in severe pneumonia, and covering atyp-
ical pathogens in the empirical antibiotic treatment is 
necessary. Differences in estimated prevalence may be 
associated with the pneumonia category, the diagnostic 
method used for detection, the region of the studies and 
the sample size. These factors should be considered when 
performing microbiological screening for patients with 
severe pneumonia, especially when conventional empir-
ical antibiotic therapy is ineffective. Additional studies 
with large sample sizes, rigorous designs and better 
testing methods are needed to provide further guidance 
regarding antibiotic treatment in severe pneumonia.
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Supplementary Material 1. Literature Search Strategies 

 

PubMed: 

#1 (severe pneumonia [MeSH Terms]) OR (severe pneumon*[Title/Abstract]) OR (severe 

community acquired pneumon*[Title/Abstract]) 

#2 atypical pathogens OR atypical pneumonia OR mycoplasm* OR Pneumonia, Mycoplasma OR 

legionell* OR legionnaire* OR Legionnellosis OR Legionnaires' disease OR chlamydi* OR 

chlamydia pneumonia OR chlamydia pneumoniae OR chlamydial pneumonia 

#1 AND #2 

 

Embase: 

#1 'severe pneumonia'/exp OR 'severe pneumon*':ab,ti OR 'severe community acquired 

pneumon*':ab,ti 

#2 'atypical pathogen*' OR 'atypical pneumonia*' OR 'mycoplasm*' OR 'pneumonia, mycoplasma' 

OR 'legionell*' OR 'legionnaire*' OR 'chlamydi*' OR 'chlamydia pneumonia' OR 'chlamydia 

pneumoniae' OR 'chlamydial pneumonia' 

#1 AND #2 

 

Web of Science: 

#1 TI=(severe pneumon*) OR AB=(severe pneumon*) OR TI=(severe community acquired 

pneumon*) OR AB=(severe community acquired pneumon*) 

#2 TS=(atypical pathogen* OR atypical pneumon* OR mycoplasm* OR Pneumonia, Mycoplasma 

OR legionell* OR Legionnellosis OR Legionnaires' disease OR chlamydi* OR chlamydia 

pneumonia OR chlamydia pneumoniae OR chlamydial pneumonia) 

#1 AND #2 

 

The Cochrane Library: 

#1 (severe pneumonia): ti,ab,kw OR (severe community acquired pneumonia):ti,ab,kw  

#2 (atypical pathogen* OR atypical pneumonia OR mycoplasm* OR Pneumonia, Mycoplasma OR 

legionell* OR legionnaire* OR chlamydi* OR chlamydia pneumonia OR chlamydia pneumoniae 

OR chlamydial pneumonia) 

#1 AND #2 

 

Abbreviation: MeSH, medical Subject Headings in MEDLINE. 
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Supplementary Material 2 

 

Supplementary Table 1: Characteristics of Studies of the Prevalence of Chlamydia, Mycoplasma, and Legionella in 

Patients with Severe Pneumonia. 

 

Study Region 
Age 

group 

Pneumonia 

category 
Pathogen Total/Case 

Study 

period 

Diagnostic 

method 

Diagnostic 

criteria 

Quality 

Score* 

Adults=53 

Woodhead et 

al,1985 

United 

Kingdom# 
>14y CAP* 

MP, LP, 

CP 
50/16 1972-1981 Serology 

Admitted to 

ICU 
8 

Sörensen et 

al,1986 
Sweden >14y CAP* 

MP, LP, 

C.psittaci 
30/6 1981-1982 

Serology, 

Culture 

Admitted to 

ICU 
7 

Sörensen et 

al,1989 
Sweden >14y CAP 

MP, LP, 

LB, 

C.psittaci 

36/4 1984-1987 
Serology, 

Culture 

Admitted to 

ICU 
9 

Potgieter et 

al,1992 

South 

Africa 
>14y 

CAP, HAP, 

AP, ICP 
MP, LP 178/6 

1987.01-

1989.12 

Serology, 

Culture 

Admitted to 

ICU 
9 

Woodhead et 

al,1992 

United 

Kingdom# 
>15y CAP* MP, LP 60/11 

1987.01-

1987.12 

Serology, 

Culture 

Admitted to 

ICU 
10 

Rello et al, 

1993 
Spain >23y CAP LP 35/8 

1988.01-

1990.12 

Serology, 

UA 

Admitted to 

ICU 
8 

Moine et 

al,1994 
France# ≥15y CAP* 

MP, LP, 

C.psittaci 
132/6 

1987.06-

1989.12 

Serology, 

Culture 

Admitted to 

ICU 
10 

Almirall t 

al,1995 
Spain Adults CAP, HAP 

MP, LP, 

C.psittaci 
127/28 

1986,03-

1989,02 

Serology, 

Culture 

Admitted to 

ICU 
9 

Leroy et al, 

1995 
France >17y CAP* 

CP, MP, 

LP 
299/7 

1987.01-

1991.12 

Serology, 

Culture 

Admitted to 

ICU 
7 

Cosentini et 

al, 1996 
Italy >23y CAP 

MP, CP, 

LP 
61/9 

1992.07-

1993.06 

Culture, 

indirect 

immunofluo

rescent 

ATS1993 8 

Lee et al, 

1996 
Singapore >19y CAP MP, LP 59/3 

1991.06-

1993.02 

Serology, 

Culture 

Admitted to 

ICU 
9 

Hirani et al, 

1997 
UK >15y CAP* 

MP, CP, 

LP 
57/12 

1984.01-

1993.12 

Serology, 

ELISA 
IDSA/ATS 7 

Ruiz et al-1, 

1999 
Spain Adults CAP MP, LP 64/0 

1996.10-

1997.12 

Serology, 

Culture 
BTS1987 9 

Ruiz et al-2, 

1999 
Spain Adults CAP* 

MP, LP, 

CP, 

C.psittaci 

89/11 
1996.10-

1998.09 

Serology, 

Culture, 

UA 

ATS1993 8 

Vegelin et al, 

1999 

Netherlan

ds 
>19y CAP* MP, LP 62/3 1992-1996 Culture IDSA/ATS 6 
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Luna et al, 

2000 
Argentina >17y CAP 

MP, CP, 

LP 
39/7 

1997.10-

1998.09 
UA, IFA IDSA/ATS 8 

Park et al, 

2001 
USA Adults CAP 

MP, CP, 

LP 
72/11 

1994.06-

1996.05 

Serology, 

Culture 
ATS1993 8 

Rello et al, 

2003 
Spain# Adults CAP 

MP, CP, 

LP 
210/26 

1993.01-

2000.01 

Serology, 

Culture, UA 
ATS2001 8 

Tomic et al, 

2003 
Slovenia >20y CAP 

Atypical 

bacteria 
55/4 

1998.01-

1998.12 

Serology, 

UA 
ATS2001 9 

Vallés et al, 

2003 
Germany# Adults HAP LP 96/18 

1993.01-

2000.01 

Serology, 

bronchoalve

olar lavage, 

UA 

APACHE 8 

Kawai et 

al,2004 
Japan ≥15y CAP MP, CP 60/1 

1998.01-

2000.12 
Serology JRS2000 9 

Reechaipichit

kul et al, 2004 
Thailand ≥15y CAP MP 105/1 

1999.01-

2001.12 
Serology ATS2001 8 

Díaz et 

al,2005 
Chile ＞15y CAP* MP, LP 113/3 1999-2001 

Serology, 

Culture, 

UA 

Admitted to 

ICU 
8 

Gutierrez et 

al, 2005 
Spain >15y CAP 

MP, CP, 

LP 
123/14 

1999.10-

2001.10 
CF test, UA PSI: IV or V 10 

Templeton et 

al, 2005 

Netherlan

ds# 
≥18y CAP MP 28/0 

2000.9.1-

2002.9.30 

Serology, 

Culture, 

RT-PCR 

PSI: IV or V 9 

Wilson et al, 

2005 
Australia ≥18y CAP 

MP, LP, 

CP 
44/3 

2001.1-

2003.7 

Culture, 

UA, PCR 
PSI 7 

Yang et al, 

2007 
Singapore Adults CAP* LP 103/2 

over a 2-

year period 
/ 

Admitted to 

ICU 
7 

Stralin et al, 

2010 
Sweden >18y CAP 

MP, CP, 

LP 
80/5 

1999.11-

2002.04 

Culture, 

UA, PCR 

PSI, CRB-

65: 2-4 
8 

Cillóniz et al, 

2011 
Spain Adults CAP* 

MP, LP, 

CP 
301/22 

1996.11-

2008.07 

Serology, 

Culture, UA 
PSI: V 10 

Hartung et 

al,2011 
Malawi ＞18y CAP 

MP, LP, 

CP, 

C.psittaci 

51/0 
2006.02-

2006.09 

PCR, 

Culture 

Admitted to 

ICU 
10 

Choi et 

al,2012 
Korea ≥18y CAP, HCAP 

MP, LP, 

CP 
198/5 2010-2011 

Culture, 

UA, 

PCR 

IDSA/ATS2

007 
9 

Dagaonkar et 

al, 2012 
India Adults CAP* 

MP, LP, 

CP 
19/2 

over 18 

months 
/ mBTS 7 

Zobel et al, 

2012 
Germany# >18y CAP* 

MP, CP, 

LP 
105/21 

2001.01-

2006.12 

Culture, 

UA, PCR 

CRB, CRB-

65 
9 
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Alzubaidy et 

al, 2013 
France Adults CAP MP 69/7 / PCR 

Admitted to 

ICU 
6 

Ishiguro et al, 

2013 
Japan Adults CAP 

MP, LP, 

CP, 

C.psittaci 

133/33 
2002.01-

2011.11 

Serology, 

UA 

IDSA/ATS2

007 
7 

Lee et al, 

2013 

Taiwan, 

China 
≥15y CAP 

MP, CP, 

LP 
88/15 

2007.01-

2008.12 

Serology, 

UA 
PSI>90 9 

Arancibia et 

al, 2014 
Chile# ＞18y CAP* 

MP, LP, 

CP 
104/19 

2005.01-

2006.06 

Culture, 

UA, 

Serology 

ATS2001 8 

Ishida et 

al,2014 
Japan ＞15y CAP 

MP, LP, 

CP, 

C.psittaci 

461/52 
1994.07-

2012.07 

Culture, 

Serology, 

UA 

IDSA/ATS2

007 
10 

Valles et al, 

2014 
Spain ＞18y 

CAP, 

HCAP, ICP 

MP, LP, 

CP 
726/43 

2011.04-

2012.12 

Culture, 

UA, 

Serology 

Admitted to 

ICU 
7 

Walden et al, 

2014 

European

# 
>18y CAP 

MP, CP, 

LP 
1135/85 

2005.09-

2009.10 

Serology, 

Culture, UA 
IDSA/ATS 9 

Jain et al, 

2015 
USA# ≥18y CAP 

MP, CP, 

LP 
784/16 

2010.01-

2012.06 
PCR, UA PSI: IV or V 10 

Elshamly et 

al, 2016 
Egypt Adults CAP LP 54/1 

2015.8-

2016.3 
Culture, UA 

IDSA/ATS2

007 
7 

Voiriot et al, 

2016 
France Adults CAP 

MP, CP, 

LP 
174/14 

2011.10-

2015.6 
mPCR PSI/SAPS 7 

Gong et al, 

2018 
China# ≥18y CAP MP, CP 797/7 since 2014 RT-PCR CTS2013 9 

Mahendra et 

al,2018 
India Adults CAP LP, CP 42/0 

2015.03-

2015.07 

Culture, 

Serology, 

UA 

CURB-65＞

2 
9 

Qin et al, 

2019 
China# Adults CAP LP 286/11 2014-2016 UA, Culture CSRD2016 9 

Xie et al,2019 China 
18-

85y 
NR* LP 178/4 

2010.01-

2018.06 

Culture, 

NGS 
IDSA/ATS 9 

Wu et al, 

2020 
China# ≥18y CAP* LP. CP 329/45 

2018.06-

2020.2 
mNGS IDSA/ATS 8 

De Mangou et 

al, 2022 
USA >18y CAP 

MP, CP, 

LP 
572/9 

2016.01-

2018.12 
UA. PCR ATS2019 8 

Dogan et al, 

2022 
Turkey ≥18y CAP 

MP, CP, 

LP 
63/4 

2016.11-

2017.10 
PCR 

IDSA/ATS2

009 
8 

Dogan et al, 

2022 
Turkey ≥18y HAP 

MP, CP, 

LP 
137/4 

2016.11-

2017.10 
PCR 

IDSA/ATS2

009 
8 

Guillot et al, 

2022 
/ ＞18y CAP 

MP, CP, 

LP 
856/26 over 6 years UA 

Admitted to 

ICU 
5 
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Qu et al, 2022 China# >18y CAP* 
MP, CP, 

LP 
275/62 

2018.06-

2019.12 

Culture, 

UA, mNGS 

Admitted to 

ICU 
8 

Children=17 

Forgie et 

al,1991 
Gambia 1-9y ALRI MP, CP 74/12 

1987.06-

1988.05 

Serology, 

Culture 
WHO1988 7 

Samransamru

ajkit et 

al,2008 

Thailand 
1m-

15y 
CAP MP, CP 52/25 2005-2006 Serology WHO1991 8 

Zhang et al, 

2013 
China 1m-5y CAP MP 707/78 

2007.01-

2010.12 

Serology, 

Culture, 

ELISA 

WHO2005 8 

Howie et 

al,2014 
Gambia 2-59m NR 

MP, LP, 

CP 
55/0 2007-2009 

Culture, 

PCR 
WHO 8 

Jroundi et 

al,2014 
Morocco 2-59m NR MP, CP 684/10 

2010.11-

2011.02 

Culture, 

PCR 
WHO2005 8 

Breiman et 

al,2015 
Kenya ＜5y SARI 

MP, LP, 

CP 
815/0 

2007.03-

2011.02 

Culture, 

PCR 
WHO2008 10 

Salih et 

al,2015 
Sudan ＜5y NR 

MP, LP, 

CP 
189/6 

2011.01-

2012.06 
Culture WHO2005 8 

Jonnalagadda 

et al,2017 
Ecuador 2-59m NR MP, CP 406/3 

2008.02-

2010.04 
PCR WHO 9 

Koh et 

al,2017 
Singapore 

1m-

18y 
CAP, HAP MP 237/10 2010-2014 

Culture, 

Serology, 

PCR 

WHO2014 9 

Thea et al, 

2017 

Southeast 

Asia, 

South 

Africa# 

1m-

59m 
CAP MP, CP 1166/38 

2011.08-

2014.01 
mPCR 

WHO, 

Radiograph

y 

8 

Gong et al, 

2018 
China# <18y CAP MP, CP 274/19 since 2014 RT-PCR CTS2013 9 

El-Nawawy et 

al, 2019 
Egypt 

1m-

12y 
CAP* MP, CP 43/8 

2015.05-

2018.03 
IgA, ELISA 

admitted to 

PICU, 

mechanical 

ventilation 

9 

Mojtahedi et 

al, 2019 
Iran# <18y HAP LP 96/19 2013-2014 PCR 

Admitted to 

ICU 
8 

Krittigamas et 

al, 2020 
Thailand 

1m-

18y 
CAP 

MP, CP, 

LP 
208/1 

2017.10-

2020.04 
RT-PCR WHO2014 9 

Su et al, 2021 China <14y CAP MP 734/142 
2016.01-

2019.12 

Culture, 

PCR 
WHO 7 

Zhou et al, 

2021 
China 

1m-

18y 
CAP MP 817/203 

2017.01-

2019.12 

Serology, 

PCR 

Admitted to 

ICU 
9 

Tran et al, 

2022 
Vietnam 

2m-

15y 
CAP MP 95/8 

2020.03-

2020.08 
RT-PCR 

WHO/BTS2

013 
8 
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Mix=7 

Pachon et 

al,1990 
Spain Mix CAP* 

MP, LP, 

C.psittaci 
67/7 1985-1987 

Serology, 

Culture 

Admitted to 

ICU 
8 

Torres et 

al,1991 
Spain Mix CAP* 

MP, LP, 

C.psittaci 
92/19 

1984.01-

1987.12 

Serology, 

Culture 

Admitted to 

ICU 
7 

Dahmash et 

al,1994 

Saudi 

Arabia 
＞12y CAP, HAP 

MP, LP, 

CP 
113/5 

1991.09-

1992.12 

Serology, 

Culture 

Admitted to 

ICU 
10 

Tan et al,1998 Singapore >12y CAP* MP, LP 57/6 
1989.01-

1993.05 

Serology, 

Culture 

Admitted to 

ICU 
8 

Phares et al, 

2007 
Thailand# Mix CAP 

MP, CP, 

LP, LL 
755/130 

2003.09-

2004.08 

Serology, 

UA, 

PCR 

Admitted to 

ICU 
7 

Li et al, 2018 China Mix NR MP, CP 106/26 / TEM 
Admitted to 

ICU 
5 

Kübler et al, 

2021 

New 

Zealand 
Mix NR LP 133/8 

2004.01-

2020.08 
Culture VV-ECMO 7 

HCAP=healthcare-associated pneumonia; ICP=Immunocompromised patient; AP=aspiration pneumonia; ICP=Immunocompromised 

pneumonia; ALRI=acute lower respiratory tract infections; SARI=severe acute respiratory infection; MP=Mycoplasma pneumoniae; 

LP=Legionella pneumophila; LB=Legionella Bozemanii; LL=Legionella longbeachae; C.psittaci=Chlamydia psittaci; CP=Chlamydia 

pneumoniae; IDSA=Infectious Diseases Society of America; ATS=American Thoracic Society; APACHE =Acute Physiology and Chronic 

Health Evaluation; mBTS=modified British Thoracic Society rule; JRS=Janpan Respiratory Society; CSRD=Chines  e Society of 

Respiratory Diseases; SAPS=Simplified Acute Physiologic Score; WHO=the World Health Organization; UA=urine antigen testing; 

PCR=polymerase chain reaction; NGS=next generation sequencing; NR=not reported 

* Study excludes immunocompromised patients 

# multicenter study 

 

*The citations of Diagnostic Criteria have been provided in Supplementary Table 2. 

* Quality assessment score: Low quality = 0–3; Moderate quality = 4–7; High quality = 8–11. 

 

AHRQ Assessment Criteria: (Yes=1, No=2, Unclear=3; Answering “Yes” gets 1 score, otherwise get 

0 score.) 

Q1. Define the source of information (survey, record review) 

Q2. List inclusion and exclusion criteria for exposed and unexposed subjects (cases and controls) or refer to previous 

publications 

Q3. Indicate time period used for identifying patients 

Q4. Indicate whether or not subjects were consecutive if not population-based 

Q5. Indicate if evaluators of subjective components of study were masked to other aspects of the status of the participants 

Q6. Describe any assessments undertaken for quality assurance purposes (e.g., test/retest of primary outcome 

measurements) 

Q7. Explain any patient exclusions from analysis 

Q8. Describe how confounding was assessed and/or controlled 

Q9. If applicable, explain how missing data were handled in the analysis 

Q10. Summarize patient response rates and completeness of data collection 

Q11. Clarify what follow-up, if any, was expected and the percentage of patients for which incomplete data or follow-up 

was obtained 
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Supplementary Table 2. Details on the severity diagnosis of pneumonia 

 

Diagnostic Criteria of Severe Pneumonia Number of Studies 

Admitted to ICU 26 

IDSA/ATS criteria 19 

ATS1993 3 

ATS2001 4 

ATS2007 4 

IDSA/ATS2009 2 

IDSA/ATS2019 1 

WHO criteria 13 

WHO1988 1 

WHO1991 1 

WHO2005 3 

WHO2008 1 

WHO2013 1 

WHO2014 2 

BTS criteria (BTS1987; modified BTS) 2 

PSI score 8 

CRB/CURB-65 3 

APACHE 1 

Others: CSRD2016, CTS2013 and JRS2000 3 

Total 75 
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