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Abstract

Background: This meta-analysis aimed to determine the etiology, comorbidities, and clinical features of commu‐

nity-acquired pneumonia (CAP) among adults in mainland China.

Methods: A systematic literature search was conducted in PubMed, Embase, and Cochrane Library to identify rel‐

evant studies that reported the etiology, pathogen distribution, and clinical characteristics of CAP in Chinese 

adults (aged >18 years) from 2004 to December 2024. Overall evidence from the included studies was quantita‐

tively synthesized, and pooled estimates were expressed as weighted values with corresponding 95% confidence 

intervals (CIs).

Results: Of 5770 studies, 49 studies were eligible for inclusion. Among these, 44 studies (89%) reported bacterial 

agents; 21 studies (43%) and 33 studies (67%) reported viral and fungal pathogens, respectively. Furthermore, 

atypical pathogens were reported in 30 studies (61.2%). The predominant bacterial agents among patients diag‐

nosed with CAP were Methicillin-resistant Staphylococcus aureus (13%), and Streptococcus pneumoniae (9%). 

Similarly, among viral and fungal pathogens, influenza virus (18%) and Candida albicans (17%) were most 

frequently identified in patients with CAP. Moreover, Mycoplasma pneumoniae (9%) was identified as a predomi‐

nant other pathogen in patients with CAP, whereas overall other pathogens accounted for 23% of CAP cases.

Conclusion: CAP has become a serious public health issue in the Chinese Mainland. This systematic review rep‐

resents a comprehensive evaluation currently available on the factors leading to CAP within the Chinese adult 

population. Among various etiological agents, bacteria continue to predominate and are the leading cause of CAP 
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in this population. 
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Introduction

Pneumonia is the most common respiratory infection 

experienced in the emergency department, which has 

caused significant morbidity and mortality in patients [1]. 

Community-acquired pneumonia (CAP) is a serious 

infectious inflammation of the lower respiratory tract 

involving the alveoli acquired from non-hospital 

pathogens [2–4]. In adults, CAP is a leading cause of 

morbidity and mortality in China and in the rest of the 

world [2,5]. In China, the annual incidence of CAP is ap‐

proximately 7.13 cases per 1000 persons/year [6]. How‐

ever, in the United States, adults experienced a high in‐

cidence of CAP, ranging from 1.76 to 7.03 per 1000 

persons/year, whereas a few countries in Europe re‐

ported a CAP hospitalization rate of 20.6 cases per 10,

000 adults/year and 4.7 per 1000 persons annually [7]. 

Furthermore, the mortality rate is reported to be 

closely associated with increasing age, with 5% 

among CAP patients aged ≥65 years, 8% in those pa‐

tients aged from 65 to 79  years, and 14% in patients 

aged ≥80 years [8].

In addition, CAP represents a heterogeneous condition 

with diverse clinical manifestations and a wide range 

of causative pathogens, which can vary depending 

upon various factors, such as age, geography, and re‐

cent exposures [2]. Several respiratory pathogens are 

known to cause CAP, including bacteria, fungi, and vi‐

ruses, by invading the lung as a single pathogen or in 

co-infection [9,10]. Despite advancement in diagnosis 

and treatment modalities, CAP is still a common and 

potentially lethal infectious disease where Spneu‐

moniae, Haemophilus influenzae, and Moraxella ca‐

tarrhalis remain the leading causes of CAP [11], 

whereas Influenza virus, human parainfluenza viruses, 

respiratory syncytial virus (RSV), human rhinovirus 

(HRV)/ human enterovirus/, human adenovirus 

(HAdV), human coronavirus (HCoV), and human 

metapneumovirus are reported to be the major viruses 

causing CAP [12]. However, the causative pathogen re‐

mains unknown in 30% to 60% of cases despite vigor‐

ous clinical investigation [11]. Furthermore, the grow‐

ing number of causative agents associated with CAP, 

along with the growing number of the at-risk popula‐

tion, continues to pose challenges to existing diagnos‐

tic and therapeutic approaches [11]. Streptococcus pneu‐

moniae (S pneumoniae) is among the primary infec‐

tious causes that lead to illness and death from CAP 

globally among young children, persons with underly‐

ing chronic systemic conditions, and the elderly [11]. 

According to the global burden of disease study pub‐

lished in 2017, S pneumoniae was the most commonly 

identified lower respiratory tract infection (LRTI) 

among all age groups, responsible for causing more 

than 1.5 million LRTI-related deaths. Moreover, there 

were 0.7 million deaths in patients >70 years and 0.4 

million deaths among children <5 years of age [13].

There have been several comprehensive meta-analy‐

ses on the etiology of CAP in adult patients [2,11,14]. Ex‐

isting meta-analyses have focused on different 

·· 56



Infection Control 2026;3(2) ❒

perspectives of CAP, such as diagnostic strategies and 

drug-resistant pathogens. There is a lack of integrated 

analyses, which demonstrates the etiology of the dis‐

ease across all major pathogens. This meta-analysis 

will offer a combination of the bacterial, viral, fungal, 

and other pathogenic causes of CAP while investigat‐

ing the comorbidities by incorporating data till De‐

cember 2024, which will guide clinicians in disease 

management and selecting an appropriate treatment 

strategy.

Methodology

The methodology of the present systematic review 

and meta-analysis was developed in accordance 

with the Preferred Reporting Items for Systematic 

reviews and Meta-Analyses (PRISMA) guidelines [15] 

(Figure 1). Protocol for this systematic review was 

prospectively registered with the Prospective Register 

of Systematic Reviews (PROSPERO; CRD42022323132) 

website.

Data source

A comprehensive literature search was conducted using 

the PubMed, Embase, Cochrane Library databases, and 

ClinicalTrials. gov for the published literature from 

2004 to December 2024, using a predetermined search 

strategy developed previously. The search strategy in‐

volved the use of predefined keywords along with data‐

base indexing terms,  which are listed as below: “Com‐

munity-acquired pneumonia,” “CAP,” “etiologic 

agent,” “pathogen,” “Chinese,” China.” A manual 

search was conducted to identify studies that met the se‐

lection criteria from additional sources not covered in 

the above database, including dissertations and confer‐

ence papers. The full search strategy is provided in 

Supplementary: Appendix I.

Figure 1. PRISMA Flow Diagram.

Abbreviations: n: number; PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses
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Criteria for study selection

All eligible peer-reviewed full-text studies available 

in English were included in the review. Studies were 

considered for inclusion in this review when they ful‐

filled all of the following inclusion criteria if they 

were: prospective observational, cross-sectional and 

retrospective; adult patient population in China 

(aged >18 years) diagnosed with CAP; including both 

immunocompetent and immunocompromised individu‐

als (e.g., those with HIV infection or organ transplant 

recipients), as well as patients with comorbidities such 

as chronic obstructive pulmonary disease (COPD), dia‐

betes, cardiovascular diseases, and others; published be‐

tween 2004 and 2024; outcomes related to pathogen 

distribution, including viral, bacterial, and fungal patho‐

gens in CAP, etiology and clinical features of CAP in 

Chinese adults and outcomes are stratified based on co‐

morbidities and source of pathogen identification. The 

articles were excluded if they were: randomized con‐

trolled trials and focused on therapies, diagnostic meth‐

ods, single pathogens, or complications of pneumonia; 

(2) reviews, meta-analyses, case reports, and duplicate 

publications (Supplementary: Appendix II).

Study selection

The titles and abstracts of publications retrieved by the 

initial search were reviewed by two independent re‐

viewers to identify potentially eligible articles. Dis‐

crepancies were resolved by the third reviewer. All po‐

tentially relevant citations were inspected in detail by 

using the full-text version. Studies meeting the pre‐

defined eligibility criteria were included in the review 

and used for the subsequent analysis.

Data extraction

Data extraction protocol was developed, and the rel‐

evant information was extracted from each of the in‐

cluded study including: (1) Study characteristics, such 

as study design, title, first author, publication year, and 

trial phase; (2) patient characteristics, including total 

study population, age, and patient stratification; and 

(3) outcomes: etiology of CAP, total number of cases 

and the numbers with confirmed causative agents, 

comorbid conditions, and clinical symptoms. Further‐

more, there is no threshold for a fixed number of 

studies. We did the qualitative assessment but did not 

limit the studies based on the quality to improve statis‐

tical power.

Assessment of study quality and risk of bias

The Newcastle-Ottawa Scale (NOS) assessment scale 

was used to evaluate the quality of included observa‐

tional studies based on 3 domains with a maximum 

possible score of 9 points [16]. The quality of each 

study was categorized using the following scoring al‐

gorithms: scores≥7 were considered “good,” scores of 

2 to 6 were considered “fair,” and scores ≤1 was con‐

sidered “poor” quality. Furthermore, the risk of bias 

scale [17] was applied to evaluate the included RCTs 

based on random sequence generation, allocation con‐

cealment, blinding of participants and personnel, blind‐

ing of outcome assessment, incomplete outcome data, se‐

lective reporting, and other sources of bias.

Statistical analyses

Statistical analysis was performed using MetaProp, a 

package for meta-analysis of binomial data (R version 

4.1.1) [18]. Heterogeneity among the studies was ex‐

plored by calculation of I2 statistics proposed by Hig‐

gins et al. [19,20] Random-effect analysis was performed 

when I2 value was >50%; otherwise, a fixed-effect 

model was used to quantify the effect size. For each out‐

come, the individual effect size for each study and the 

·· 58



Infection Control 2026;3(2) ❒

summarized effect size with 95% confidence intervals 

(CI) were calculated and represented as forest plots. The 

pooled effect size is given as the “point estimate” with 

lower and upper limits in the forest plot, and the values 

were rounded off and represented with 2 decimals. The 

study weighting was performed using the DerSimonian-

Laird method [21]. Sensitivity analysis was conducted us‐

ing the Egger method. Two-sided P≤0.05 was consid‐

ered indicative of statistical significance.

Results

Study selection

The literature search resulted in the retrieval of 7,266 

articles from different databases. After removing dupli‐

cates, a total of 5,770 articles underwent for screening. 

Furthermore, based on title and abstract screening, 49 eli‐

gible studies were included for final analysis (Figure 1).

Characteristics of included studies

Total of 48,918 patients were included across the eli‐

gible studies. The studies were stratified into 5 differ‐

ent groups based on etiologic agents of the CAP (bac‐

teria, virus, fungi, other agents, and overall other). 

Among these, bacterial agents were reported in 44 

studies and viral and fungal agents were reported in 33 

and 21 studies, respectively. The total number of stud‐

ies reported from overall other and other agents was 

30 and 11, respectively. The PRISMA flow diagram il‐

lustrating the study selection process is presented in 

Figure 1. The baseline characteristics of the included 

studies are provided in Table S1.

Spectrum of various pathogens

Spectrum of bacterial agents causing CAP

Across the 49 studies included in the analysis, the pooled 

prevalence of major causative agents responsible for 

CAP was classified into bacterial, fungal, viral, other, 

and overall other pathogens. Among bacterial etiologies, 

the most frequently identified etiologic agent in patients 

with CAP was gram-negative bacilli. The pooled propor‐

tion of patients with gram-negative bacilli was 51% of 

patients (95% CI, 11–90; I2=92%; P<.01; Table s2) from 

a cohort of 237 patients [22–24], including K. pneumoniae 

(7%; 95% CI, 5 – 10), Haemophilus influenzae (6%; 

95% CI, 4–9), Acinetobacter baumannii (6%; 95% CI, 

3–13), Pseudomonas aeruginosa (4%; 95% CI, 2–7), 

and Escherichia coli (2%; 95% CI, 1–4). Gram-posi‐

tive cocci were another common etiologic agent of 

CAP, which were identified in a pooled proportion of 

23% of patients (95% CI: 18.0–29.0; I2=0%; P=0.48; 

Table s2) from a cohort of 237 patients involving 3 

studies [22–24]. Among gram-positive cocci, methicillin-

resistant staphylococcus aureus (MRSA) and S pneu‐

moniae were identified in a pooled proportions of 

13% (95% CI: 0–99.0; I2=94%; P<.01) [24–26] and 9% 

(95% CI: 6–13; I2=98%; P<.01) (Table S1) [22,24,26–48].

Spectrum of fungal agents

A total of 21 studies were reviewed for the CAP epi‐

sodes caused by different fungal agents. The pooled pro‐

portion of patients infected with Candida albicans (C. al‐

bicans) was 17% of patients (95% CI: 4.0–49.0; I2=54%; 

P=0.11; Table s2) from a cohort of 158 patients [22,28,49]. 

Fungal infection and Aspergillus had a pooled preva‐

lence of 9% (95% CI: 4.0–19.0; I2=97%; P<.01) and 7% 

(95% CI: 0.0–70.0; I2=91%; P<.01) from a cohort of 10,

933 and 452 patients, respectively [22,23,28,29,42,50–56].

Spectrum of other pathogens

Among other pathogens, Mycoplasma pneumoniae 

(M. pneumoniae) demonstrated the highest pooled 

prevalence of 9% (95% CI: 5.0–17.0; I2=98%; 

P< . 01) [2,22,26,27,29,32–40,42–44,47,56–59] followed by atypical 

pathogens at 4% (95% CI: 2.0 – 9.0; I2=86%; P< . 01) 
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from a cohort of 16,268 and 2578 patients, respectively 

(Table S2).

Spectrum of Overall Other Pathogens

Among overall other pathogens, a pooled prevalence of 

23% (95% CI: 11.0–42.0; I2=98%; P<.01) was demon‐

strated in a cohort of 3280 patients [28,31,39,41,44,45,48,52,55,60–63] 

(Table S2).

Spectrum of viral agents

A total of 33 studies were reviewed for the CAP epi‐

sodes caused by different viral agents. The most com‐

monly identified etiologic viral agent was influenza 

virus, which was detected in a pooled proportion of 

18% of the patients (95% CI: 7.0–37.0; I2=99; P< . 01; 

Table S2) from a cohort of 10, 658 patients involving 

9 studies [24,26,29,32–34,47,58,44] followed by viral infection where 

the pooled proportion was 15% of the patients (95% CI: 

8.0–25.0; I2=98; P<.01) from a cohort of 18,431 patients 

involving 19 studies [28,30,32–34,41,44,50–57,62–65].

Comorbidities and clinical characteristics associated 

with various pathogens

Comorbidities and clinical characteristics associated 

with bacterial agents

Major comorbidities associated with patients with 

H influenzae-positive CAP were hypertension 

(26%; 95% CI: 16.0–40.0; I2=60%; P= . 08) [22,48,65], 

chest pain (15%; 95% CI: 10.0–22.0; I2=83%; 

P<. 01) [22,38,42,43,66] and COPD (13%; 95% CI: 

7.0–22.0; I2=96%; P<.01) [22,36,39,41,42,65,43]. The associ‐

ated common clinical signs and symptoms are also 

discussed in Table S3).

In the case of patients with “(K pneumoniae)” positive 

CAP, hypertension (40%; 95% CI: 27.0–55.0; I2=94%; 

P< . 01) [22–24,28,30,44], cerebrovascular disease (15%; 

95% CI: 8.0–24.0; I2=98%; P<.01)[24,30,32,36,42,45,44,66] and 

diabetes mellitus (15%; 95% CI: 10.0 –22.0; I2=95%; 

P< . 01) [22–24,28,30,32,35,36,39,41,42,45,60,44,43,26] were observed as 

the major comorbidities. The most common clinical 

signs and symptoms are also discussed in Table S3.

In the case of patients with S aureus-positive CAP, hyperten‐

sion (38%; 95% CI: 23.0–55.0; I2=98%; P<.01) [22–24,30,48,44], 

diabetes mellitus (15%; 95% CI: 10.0 – 22.0; I2=

96%; P<.01) [22–24,30,35,36,39,41,42,48,60,44,43,26] and cerebro‐

vascular disease (14%; 95% CI: 8.0–26.0; I2=98%; 

P<.01) [24,30,36,41,42,48,44] were observed as the major co‐

morbidities. The most common clinical signs and 

symptoms are also discussed here in Table S3.

In the case of patients with S pneumoniae-positive 

CAP, hypertension (32%; 95% CI: 21.0–47.0; I2=98%; 

P< . 01) [22,24,28,30,47,48,44], diabetes mellitus (15%; 95% CI: 

10.0 – 21.0; I2=95%; P< . 01) [22,24,28,30,32,35,36,39,41,42,45,47,48,44,43,26] 

and cerebrovascular disease (14%; 95% CI: 9.0–22.0; I2=

98%; P<.01) [24,30,32,36,41,42,45,48,44] were observed as the major 

comorbidities (Table s3). The most common clinical signs 

and symptoms included are discussed here in Table S3.

In the case of patients with Escherichia coli-positive 

CAP, hypertension (38%; 95% CI: 18.0–63.0; I2=96%; 

P< .01) [22,23,30,44], diabetes mellitus (16%; 95% CI: 11.0 –

22.0; I2=95%; P<.01) [22,23,30,35,36,41,42,45,60,44,43,26] and chest pain 

(15%; 95% CI: 10.0–22.0; I2=83%; P< . 01) [22,38,41,42,43] 

were observed as the major comorbidities. The most 

common clinical signs and symptoms included are dis‐

cussed here in Table S3.

In the case of patients with Pseudomonas-positive 

CAP, hypertension (41%; 95% CI: 24.0–60.0; I2=

95%; P<.01) [22–24,30,44], cerebrovascular disease (16%; 

95% CI: 7.0–31.0; I2=98%; P< . 01) [24,30,41,42,45,44] and 

diabetes mellitus (14%; 95% CI: 9.0 –23.0; I2=96%; 

P< . 01) [22–24,30,35,39,41,42,45,44,43,26]. were observed as the 

major comorbidities. The most common clinical 

signs and symptoms included are discussed here in 

Table S3.
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Comorbidities and clinical symptoms associated with 

viral agents

The major comorbidities associated with patients with 

influenza A-positive CAP were diabetes mellitus (11%; 

95% CI: 7.0 – 19.0; I2=92%; P< . 01) [35,42,60,61,64,67]. The 

most common clinical symptoms included are dis‐

cussed in Table S3.

Comorbidities and clinical symptoms associated with 

other pathogens

The major comorbidities associated with patients with M 

pneumoniae-positive CAP were hypertension (37%; 

95% CI: 14.0–69.0; I2=96%; P< . 01) [22,47,56,44,67], 

chest pain (12%; 95% CI: 8.0–18.0; I2=90%; 

P<.01) [22,32,38,41,42,47,59,43,67] and diabetes mellitus (11%; 95% 

CI: 7.0 – 18.0; I2=94%; P< . 01) [22,32,35,36,39,41,42,47,56,59,44,43,26,67]. 

The most common clinical symptoms included are dis‐

cussed in Table S3.

Overview of studies reporting etiology of CAP

Overview of studies reporting bacterial etiology of 

CAP

A total of 19 studies reported bacterial agents associ‐

ated with CAP, with study populations ranging from 

19 to 1420 patients. In a study with a larger cohort (n=

253), 1 case of Streptococcus pyogenes, 2 cases of 

Chryseobacterium indole (n=488), 1 case of Citrobac‐

ter spp, Flavobacterium and Klebsiella acidogens, re‐

spectively, and 13 cases of another Streptococcus spp. 

A separate study with a larger cohort (n=1420) re‐

ported 2 cases of Aspergillus spp, 8 cases of K acido‐

gens, and 23 cases of another Streptococcus spp. In an‐

other study with n=909, 40 and 78 cases of Enterobac‐

ter aerogenes and Legionella spp, respectively, were 

reported. Another study with a large cohort (n=593) re‐

ported 23 cases of other bacterial species (Table S4).

Overview of studies reporting fungal etiology of CAP

A total of 6 studies (n=593) reported fungal agents as‐

sociated with CAP with only 1 case reported Candida 

parapsilosis from a study (n=52), whereas 24 cases re‐

ported Candida spp (n=72). Another investigation (n=

19) reported only 2 cases of Candida tropicalis, 

whereas 11 cases reported non-Pneumocystis jirovecii 

from a different study (n=81). (Table S5).

Overview of Studies Reporting Viral Etiology of CAP

Overall, 7 studies (n=871) reported viral agents associ‐

ated with CAP, with n=43 to n=321. Cytomegalovirus 

was reported in 2 studies, with 53 and 2 cases reported 

in a population size of n=288 and n=43, respectively. 

In addition, 72 cases of CAP reported no influenza vi‐

rus (n=288). However, another study (n=124) reported 

8 and 7 cases of CAP caused by H1N1 and H3N2 vi‐

ruses, respectively. (Table S6).

Overview of studies reporting the etiology of CAP of 

other organisms

A total of 9 studies (n=2341) reported cases of CAP 

caused by different organisms. The highest number of 

cases reported was 142, followed by 112, 109, 83, and 

76 cases. In addition to this, 30 cases were undeter‐

mined (Table S7).

Discussion

This systemic review demonstrated the etiologies of 

several pathogens in the adult population with CAP (>

18 years) from different Chinese provinces. Previous 

studies on adult patients with CAP in China reported 

that bacterial etiology was significantly higher than vi‐

ral causes, with rates ranging from 30.3% to 53.1% 

compared with 10.6% to 19.0% [35,68,69]. Several epide‐

miological studies on the adult population in China 

with CAP have reported S pneumoniae and M. pneu‐

moniae as important causative pathogens [39,70–72]. Fur‐

thermore, a prospective surveillance study conducted 

by Cao et al. (2010) reported M. pneumoniae as the 

most common pathogen responsible for causing CAP 
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among adult Chinese patients [71]. Moreover, Tao et al. 

(2012) conducted a prospective surveillance study on 

the etiology of CAP involving adult patients across 36 

centers in 22 cities in China and identified S pneu‐

moniae, H influenzae, and K pneumoniae as the three 

most common bacterial agents responsible for CAP in 

the Chinese adult population [39]. In consistent with the 

previous studies, the current study revealed that gram-

negative bacilli were the predominant bacterial patho‐

gens, followed by bacterial infection, gram-positive 

cocci, MRSA, S pneumoniae, and other bacterial infec‐

tions among patients with CAP in China. In the pres‐

ent study, it was demonstrated that the pooled propor‐

tion of S pneumoniae among patients with CAP was 

reported at 9%, based on the results from multiple 

studies. In the present analysis MRSA demonstrated a 

pooled proportion of 13% however, the estimate 

showed a very wide CI (95% CI: 0 –99%) with sub‐

stantial heterogeneity (I2=94%; P< . 01), due to the 

small number of included studies and low event rates, 

thereby indicating limited stability and interpretability. 

In contrast, S pneumoniae continues to be the classical 

and predominant cause of CAP.

In recent years, viral pathogens have been demon‐

strated to cause CAP in both children and adults. In a 

study, Zhou et al. (2019) conducted a national, prospec‐

tive, multicenter study in China and reported that 

among immunocompetent patients with pneumonia, the 

most commonly found virus was influenza virus 

(28.4%), followed by RSV (3.6%), HAdV (3.3%), and 

HCoV (3.0%) [73]. In addition to that, a recent meta-

analysis incorporating 31 observational studies exclud‐

ing regional differences in study populations, reported 

influenza A and B as the most frequently identified vi‐

ruses in patients with CAP, followed by HRV, RSV, and 

HCoV [74]. These findings are in line with the results of 

the present findings, where the most commonly identi‐

fied etiologic viral agent was the influenza virus (18%), 

followed by other viral infections (15%).

In recent years, fungal pathogens have demonstrated 

an upsurge in etiologies of CAP in both children and 

adults, although they are less commonly reported 

pathogens as compared with bacteria and viruses [75]. 

Among the studies, Candida species, that is, C. albi‐

cans (8%), was identified as the most common fungal 

pathogen causing CAP in adult Chinese patients. In 

consistent with the previous studies, the present study 

also demonstrated C. albicans (17%) as the most com‐

mon fungal pathogen causing CAP in the Chinese 

adult population. Several studies indicated the possibil‐

ity of causing pneumonia by fungal pathogens in com‐

bination with bacterial pathogens [76,77]. Airway fungal 

colonization has been reported to compromise the host 

immune system, thereby allowing the development of 

bacterial pneumonia [76,78]. In addition, fungal patho‐

gens such as Candida species have been implicated in 

CAP infections among patients with underlying condi‐

tions, including chronic aspiration and immunodefi‐

ciency disorders [79,80]. The diagnosis of Candida pneu‐

monia should be made with considerable caution. In 

addition to this, confirmation also requires histopatho‐

logical evidence from a lung biopsy, which will re‐

main as the diagnostic gold standard. Apart from this, 

clinical symptoms, microbiological results, and radio‐

graphic reports should not be the only diagnostic pa‐

rameters for a reliable diagnosis [80]. Similarly, Asper‐

gillus species detected in respiratory specimens may 

also represent colonization rather than true CAP patho‐

gens, and their clinical relevance should be interpreted 

with caution in the absence of supporting clinical and 

histopathological evidence.

Among other pathogens, M pneumoniae (9%) was 

identified as the most common agent causing CAP in 

Chinese adults, followed by atypical pathogens. More‐

over, for a comprehensive understanding of the overall 

prevalence of CAP in the Chinese Mainland, we have 

also considered the studies that reported atypical 

pathogens (4%) as causative agents of CAP. This 

·· 62



Infection Control 2026;3(2) ❒

might be a reason for the inclusion of Candida spe‐

cies, as it is the most common fungal pathogen among 

adults with CAP in this study.

Furthermore, the results of the current study revealed 

that the most common comorbidities associated, 

among patients with bacterial, viral, and other forms 

of CAP, were hypertension and diabetes mellitus. 

Similarly, a previous study by Mai et al. conducted a 

retrospective cohort study to investigate associations 

between comorbidities and in-hospital mortality 

caused by CAP. The results from this study reported 

that comorbid burden, such as congestive heart failure, 

renal disease, diabetes with complications, and demen‐

tia, was associated with an increased risk of in-hospi‐

tal mortality [81]. Therefore, these findings indicated the 

importance of clinical management of CAP patients 

with such comorbid conditions.

Despite the strengths, the present review also has cer‐

tain limitations. First, comparing the etiologies of CAP 

across published studies is challenging because of the 

use of diverse laboratory tests to identify pathogens. In 

addition, diagnostic testing in many patients with CAP 

reveals >2 pathogens, including combinations of viral 

and bacterial pathogens, which complicate the determi‐

nation of the clinical significance of any individual 

pathogen [82,83]. Second, some studies reported the fre‐

quency of detected etiologic agents using different 

sample types without reporting potential overlaps be‐

tween the results. In addition, certain studies reported 

the data based on the numbers of microbial isolates 

rather than the numbers of individual patients, inflating 

the prevalence of a specific etiologic agent. Third, this 

review is limited by significant heterogeneity among in‐

cluded studies, for which the possible reasons remain 

unknown. Furthermore, it is important to note that het‐

erogeneity cannot be avoided in a meta-analysis, par‐

ticularly in etiologic-based data. Previous studies dem‐

onstrating the etiology of CAP reported significant het‐

erogeneity [68,74]. This heterogeneity was largely due to 

clinical diversity across the included studies, which 

comprised immunocompetent and immunocompro‐

mised patients as well as those with comorbidities. In 

view of this clinical and methodological heterogeneity, 

formal subgroup analyses based on immune status or 

other clinical characteristics were not feasible. There‐

fore, subtyping or serotyping of identified pathogens 

was not performed or reviewed, which limits the level 

of detail regarding the specific causes of CAP among 

patients. Furthermore, for less frequently reported 

pathogens such as MRSA, small sample size resulted in 

low statistical power and wide CI, so the pooled esti‐

mates should be interpreted cautiously and may reflect 

potential detection and reporting bias rather than true 

epidemiological differences.

Conclusions

In China, bacterial infections were reported to be the 

primary cause of CAP the adult population, with S 

pneumoniae being among the most identified bacterial 

agents. Although viral and fungal pathogens also con‐

tributed significantly across a range of severities in pa‐

tients with CAP. The findings of the present review 

will be helpful to estimate the disease burden associ‐

ated with these pathogens among the adult population 

with CAP and may support the development of more 

effective and targeted therapeutic approaches.
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