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Abstract
Backgroud By analyzing the etiological distribution and clinical characteristics of severe community-acquired 
pneumonia in children with virus mono-detection and co-detection with bacteria and other pathogens, to explore 
the clinical characteristics that can help identify mixed infections, thereby providing a basis for the more precise use 
of antimicrobial drugs.

Methods A retrospective study was conducted on hospitalized children aged 1 month to 14 years with severe 
community-acquired pneumonia who underwent bronchoscopy in Shenzhen Children’s Hospital from January to 
December 2018. The distribution of 19 pathogens detected by nucleic acid detection in bronchoalveolar lavage fluid 
was analyzed. Clinical data of children were obtained from the hospital electronic patient dossiers. Data were analyzed 
to describe the difference between viral mono-detection and co-detection.

Methods A retrospective study was conducted on hospitalized children aged 1 month to 14 years with severe 
community-acquired pneumonia who underwent bronchoscopy in Shenzhen Children’s Hospital from January to 
December 2018. The distribution of 19 pathogens detected by nucleic acid detection in bronchoalveolar lavage fluid 
was analyzed. Clinical data of children were obtained from the hospital electronic patient dossiers. Data were analyzed 
to describe the difference between viral mono-detection and co-detection.

Results A total of 479 children with severe community-acquired pneumonia were enrolled from January to 
December 2018, at least one pathogen was detected in 375 cases (78.3%), including 247 cases (51.6%) of viruses, 111 
cases (23.2%) of atypical pathogens, and 98 cases (20.5%) of bacteria. Among all positive cases, 274 cases (73.1%) had 
a single pathogen detected, and 101 cases (26.9%) had co-detection (≥ 2 pathogens). Among these co-detection, 
51 cases (50.5%) were virus-bacteria co-detection, and 20 cases (19.8%) were virus-atypical pathogens co-detection. 
There was no significant difference in the detection rates of different types of pathogens between male and female 
patients (p > 0.05). There were no significant differences in clinical presentation, signs, inflammation and organ 
function indicators, pulmonary complications, antibiotic use, glucocorticoid use, intravenous immunoglobulin use, 
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Background
Community-acquired pneumonia (CAP) is one of the 
leading causes of death in children under the age of 5, 
accounting for 12.8% of deaths, second only to neona-
tal diseases [1–3]. Although the incidence and mortality 
rates of CAP have been effectively reduced by improving 
medical standards, empirical use of antibiotics, effective 
vaccination against major pathogens, and widespread 
improvement in living conditions and nutrition, statisti-
cal data from developing countries between 2000 and 
2015 shows a 30% reduction in the incidence rate and a 
51% reduction in the mortality rate of CAP in children 
under 5 years old [4, 5]. However, the widespread use of 
antibiotics has led to an increase in antibiotic-resistant 
strains, and the current coverage rate of vaccines in some 
areas is still low, and there is a lack of vaccines against 
other common pathogens. Therefore, further efforts to 
strengthen the management and prevention of CAP, 
especially early identification of the pathogen causing 
severe CAP and early antimicrobial treatment, are crucial 
to further reduce the mortality rate of children with CAP.

This study focused on severe CAP children who require 
bronchoscopy to explore the pathogen distribution 
and clinical characteristics of children with severe CAP 
with a single viral detection or co-detection with other 
pathogens. The aim is to provide a basis for early clinical 
recognition of mixed pathogen infections and to use anti-
microbial drugs more accurately.

Methods
Patients
The inclusion criteria for hospitalized children with 
severe CAP are based on the 2013 edition of the Man-
agement Guidelines for CAP in Children [6], including: 
(1) Children aged 1 month to 14 years old; (2) Onset of 
illness occurred outside the hospital, including those 
who developed symptoms after being infected with a 
pathogen with a clear incubation period outside the hos-
pital; (3) Having respiratory infection symptoms, such 
as fever, cough, wheezing, dyspnea, and cyanosis; (4) 
Confirmed by pulmonary imaging as pneumonia; (5) 
Meeting the diagnostic criteria for severe pneumonia; 
(6) Undergoing bronchoscopy and obtaining BAL fluid. 
Exclusion criteria: (1) Hospitalized children with pneu-
monia caused by nosocomial infection; (2) Patients with 

incomplete medical dossier. This study was approved by 
the Ethics Committee of Shenzhen Children’s Hospital 
in accordance with the Declaration of Helsinki, and its 
later amendments or comparable ethical standards, with 
registration number 2,016,013. From January to Decem-
ber 2018, severe CAP hospitalized children who met the 
inclusion criteria were retrospectively analyzed.

Data collection
A data collection form was developed for clinical data 
collection, including demographic characteristics, clini-
cal symptoms and signs, laboratory results, treatment 
processes and outcomes. The collected data encom-
passed: (1) demographic characteristics: gender and 
age; (2) clinical information: fever, cough, sputum pro-
duction, wheezing, shortness of breath, vomiting, 
and lung rales; (3) laboratory results: WBC increase 
(WBC > 12 × 10^9/L), WBC decrease(WBC<4 × 10^9/L), 
Increased neutrophils ratio (GR%>70%), CRP increase 
(CRP > 10  mg/L), PCT increase (PCT > 0.5ng/mL), ALT 
increase (ALT > 80IU/L), AST increase (AST > 80IU/L), 
LDH increase (LDH > 240IU/L), CK increase (CK > 200 
IU/L), and CK-MB increase (CK-MB > 6.8ng/mL); (4) 
complications: pleural effusion, atelectasis, respiratory 
failure, and plastic bronchitis; and (5) treatment and 
outcomes: antibiotics, antiviral drugs, glucocorticoids, 
intravenous immunoglobulin, oxygen therapy, mechani-
cal ventilation, admission to the PICU, and length of 
hospitalization.

Pathogen detection
Bronchoalveolar lavage (BAL) fluid was collected via 
bronchoscopy from the severely affected bronchi of the 
patient and transported to the clinical laboratory within 
2 h for standardized diagnostic analysis.

Respiratory pathogens, including common viruses and 
atypical pathogens, were detected using a respiratory 
pathogen multiplex PCR kit (Ningbo Haier Biomedi-
cal Technology Co., Ltd.) and GeXP system software. 
The 11 pathogens included adenovirus(ADV), influ-
enza A virus(FluA), influenza B virus(FluB), human 
bocavirus(HBoV), human coronavirus(HCoV), human 
metapneumovirus(HMPV), human rhinovirus(HRV), 
parainfluenza virus(PIV), respiratory syncy-
tial virus(RSV), Chlamydia pneumoniae(CP), and 

PICU admission rate, need for mechanical ventilation, and length of hospital stay among children with virus-bacteria 
co-detection, virus-atypical pathogens co-detection, and virus mono-detection (p > 0.05).

Conclusion Virus-bacteria co-detection or virus-atypical pathogens co-detection are common in children with 
severe community-acquired pneumonia. Clinical features alone cannot distinguish between viral mono-infection and 
mixed bacterial or atypical pathogen infections.
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Mycoplasma pneumoniae (MP). Bacteria were 
detected by real time PCR, including Streptococcus 
pneumoniae(Sp), Haemophilus influenzae(Hi), Staphylo-
coccus aureus(Sa), moraxella catarrhalis(Mc), Klebsiella 
pneumoniae(Kp), Acinetobacter baumannii(Ab), Pseu-
domonas aeruginosa(Pa) and Escherichia coli(Ec). PCR 
cycle threshold (Ct) < 30 was judged to be positive.

Statistical analysis
Based on the etiological detection results of the BAL 
fluid, the patients were categorized and analyzed accord-
ing to the following groups: viruses, bacteria, atypical 
pathogens (MP/CP), virus-bacteria, and virus-atypical 
pathogens.

SPSS 27.0 software was used for statistical analysis. 
Categorical variables were presented as counts with 
percentages, and analyzed using the chi-square test or 
Fisher’s exact test, as appropriate. Quantitative variables 
were represented as medians. Comparisons between two 
groups were conducted using the Wilcoxon rank-sum 
test, while comparisons among multiple groups were per-
formed using the Kruskal-Wallis test. A P-value of < 0.05 
was considered statistically significant. For pairwise com-
parisons among multiple groups, the Bonferroni cor-
rection method was applied, and a corrected P-value of 
< 0.005 was considered statistically significant.

Results
Pathogen detection in children with severe CAP
According to the inclusion and exclusion criteria, a total 
of 479 children were enrolled in the study, including 299 
males and 180 females, with a gender ratio of 1.7. The 
minimum age was 1 month, the maximum age was 14 
years, and the median age was 29.0 months (12.0, 58.0). 
Among them, 133 cases (15%) were aged between 1 
month and ≤ 1 year, 143 cases (26%) were aged between 
1 and 3 years, 113 cases (16%) were aged between 4 and 
6 years, and 90 cases (11%) were aged between 7 and 14 
years.

Of the 479 cases, 375 cases (78.3%) had pathogen 
detection, including 247 cases (51.6%) with viral detec-
tion, 98 cases (20.5%) with bacterial detection, and 111 
cases (23.2%) with detection of atypical pathogens. The 
pathogen detection rates were followed: ADV 117 cases 
(24.4%), MP 109 cases (22.8%), HRV 62 cases (12.9%), 
Sp 37 cases (7.7%), FluB 40 cases (8.4%), RSV 23 cases 
(4.8%), CP 20 cases (4.2%), FluA (H3N2) 13 cases (2.7%), 
HBoV 13 cases (2.7%), PIV 19 cases (4.0%), HMPV 18 
cases (3.8%), Sa 7 cases (1.5%), HCoV 4 cases (0.8%), CP 4 
cases (0.8%), Pa 4 cases (0.8%), Kp 3 cases (0.6%), and Ec 
1 case (0.2%).

Among the 375 cases with pathogen detection, single-
pathogen detection was found in 274 cases (73.1%), while 
mixed pathogens were detected in 101 cases (26.9%), 

including 15 cases (4.0%) of virus-virus co-detections, 7 
cases (1.9%) of bacteria-bacteria co-detections, 2 cases 
(0.5%) of MP-CP co-detections, 51 cases (13.6%) of virus-
bacteria co-detections, 20 cases (5.3%) of virus-atypical 
pathogens co-detections, 2 cases (0.5%) of bacteria- atyp-
ical pathogens co-detections, and 4 cases (1.1%) of virus-
bacteria-atypical pathogens co-detections. Among the 
co-detections, the most frequently detected viruses 
were PIV (11/19, 57.9%), rhinovirus (32/62, 51.6%), and 
RSV (10/23, 43.5%). Bacteria were mostly co-detected 
with other pathogens, with a co-detection rate of 65.3% 
(64/98) for bacteria, 85% (17/20) for CP, 75.7% (28/37) for 
Sp. The co-detection rate of Hi was 55.0% (22/40), while 
that of Sa was 57.1% (4/7). Pa, Ab, Kp, and Ec were only 
detected with other pathogens (Fig. 1).

Among them, 232 cases of pathogens were detected 
in male children (77.6%), while 143 cases were detected 
in female children (79.4%). However, the difference in 
pathogen detection between male and female children 
was not statistically significant (χ2 = 0.227, P = 0.634).

Clinical characteristics of severe CAP with single or mixed 
pathogen detections
Based on the pathogen detection for all cases of severe 
CAP, we divided the patients into the following 5 groups: 
virus group (172 cases), bacteria group (41 cases), atypi-
cal pathogen (MP/CP) group (85 cases), virus mixed with 
bacteria group (51 cases), and virus mixed with atypical 
pathogen group (20 cases). The clinical manifestations, 
laboratory examination results, treatment, and outcomes 
were presented in Table  1. Due to the small number of 
cases, 4 cases of bacterial mixed with atypical pathogen 
and 2 cases of virus mixed with bacteria and atypical 
pathogen were not included in the statistics.

Clinical characteristics of severe CAP with single pathogen 
detection
Compared with bacteria mono-detection, patients with 
virus mono-detection had a higher fever rate, a higher 
likelihood of elevated procalcitonin, and a greater need 
for oxygen therapy (P < 0.05). Compared with atypical 
pathogen mono-detection, patients with virus mono-
detection had a lower fever rate, a lower incidence of 
pleural effusion, a smaller likelihood of elevated neu-
trophil percentage and C-reactive protein (CRP), and a 
higher likelihood of wheezing, dyspnea, leukocytosis, and 
a greater need for intravenous immunoglobulin and oxy-
gen therapy (P < 0.05).

There was no significant difference (P > 0.05) in the 
comparison of cough, sputum, vomiting, diarrhea, ALT 
levels, AST levels, LDH levels, CK and CK-MB levels, 
pulmonary atelectasis, respiratory failure, bronchiol-
itis obliterans, antibiotic use, antiviral medication use, 
corticosteroid use, PICU admission rate, mechanical 
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ventilation requirement, and length of hospital stay 
among severe CAP children with different types of patho-
gen mono-detection or co-detections.

Clinical characteristics of patients with co-detection
Compared with virus mono-detection, patients with 
virus-bacteria co-detections or virus-atypical pathogens 
co-detections showed no significant differences in terms 
of wheezing, fever, pulmonary rales, dyspnea, white 
blood cell count, CRP level, neutrophil ratio, procalcito-
nin level, and pleural effusion, as well as the use of intra-
venous immunoglobulin and oxygen therapy (P > 0.05). 
Compared with bacteria mono-detection, patients with 
virus-bacteria co-detections were more likely to pres-
ent pulmonary rales (P < 0.05), but showed no significant 
differences in other aspects mentioned above (P > 0.05). 
Compared with atypical pathogen mono-detection, 
patients with virus-atypical pathogens co-detections 
showed no significant differences in terms of wheezing, 
fever, dyspnea, pulmonary rales, white blood cell count, 
CRP level, neutrophil ratio, procalcitonin level, pleural 
effusion, and the use of intravenous immunoglobulin and 
oxygen therapy (P > 0.05).

Discussion
Given the presence of colonized bacteria and non-patho-
genic viruses in the human oral/nasopharyngeal region, 
pathogen detection in BAL fluid is considered more reli-
able for etiological diagnosis and provides more accurate 
indications of pathogens causing lower respiratory tract 
infections compared to oral/nasopharyngeal swabs [7–9]. 
In this study, we utilized nucleic acid amplification tech-
nology to detect a spectrum of pathogens, including 9 
viruses, 8 bacteria, and 2 atypical pathogens, in BAL fluid 

from hospitalized children with severe CAP. The detec-
tion was facilitated through multiplex PCR. We identified 
at least one pathogen in 375 cases, a total detection rate 
of 78.3%, which exceeded the 58.13% previously reported 
by Huang et al. for severe CAP patients in Suzhou [10]. 
This detection rate is notably higher than the 29.7% by 
culture and PCR in BAL fluid observed in a large-scale 
study of severe CAP pathogens in children across Africa 
and Asia [1]. Additionally, Khai reported a 90.5% positive 
rate for pathogen detection in nasopharyngeal aspirates 
from severe CAP patients using RT-PCR [11]. Eva dem-
onstrated that the application of multiplex PCR technol-
ogy on BAL fluid from pneumonia patients significantly 
improved the pathogen detection rate compared to tra-
ditional culture methods [12]. These findings showed 
the importance of the sample type and detection meth-
odology in determining the detection rate of severe CAP 
pathogens.

Among the positive cases, the detection rate of mixed 
pathogens reached 26.9%, with virus-bacteria co-detec-
tion being the most prevalent, followed by virus-mixed 
MP/CP. This suggested that co-detection with other 
pathogens play a significant role in severe CAP in chil-
dren. Ding Lin reported a 38.4% co-detection rate in 
childhood severe CAP in Suzhou in 2018, with virus-
bacteria co- detections accounting for 55.8% [13]. Khai’s 
study in Japan showed a higher proportion of co-detec-
tion, with virus-bacteria co-detections making up 43.1% 
of positive cases, involving mainly Sp, Hi, methicillin-
resistant Sa, and Kp [11]. Study on severe pneumonia in 
Malaysian children under 5 years old reported a 13.3% 
mixed pathogen in 2020 [14]. The variability in mixed 
pathogen detection rates across studies was closely 

Fig. 1 Specific combinations of pathogens identified in BAL fluid from severe CAP patients with lower respiratory tract infections
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related to the sample type, detection method, and timing 
of testing.

Nolan found that children with viral-bacterial co-
infections exhibited a more pronounced increase in 
white blood cells, a higher likelihood of lung consolida-
tion and pleural effusion, a greater need for ICU admis-
sion, mechanical ventilation, and a longer hospital stay 
compared to those with simple viral infections [15]. Lin’s 
study associated bacterial co-infection with elevated CRP, 
hyponatremia, PICU admission, and prolonged hospital 
stay [16]. Choo’s research indicated that children with 
co-infection of respiratory viruses and MP were younger, 
had a longer fever duration, and were more likely to prog-
ress to severe pneumonia and refractory MP pneumonia 
[17]. Gao’s study demonstrated that children with MP co-
infection with viruses had a longer hospital stay, longer 
fever duration, a higher incidence of respiratory distress, 

and a higher rate of oxygen therapy and non-invasive 
ventilation use compared to those with a single MP infec-
tion [18]. However, Anna Marie Nathan’s study showed 
that mixed infections were only associated with higher 
CRP levels and did not correlate with other aspects of 
disease severity [8]. Our study found no significant dif-
ferences in disease severity indicators, such as the 
occurrence of pulmonary complications, the use of glu-
cocorticoids or intravenous immunoglobulin, antibiotic 
use, PICU admission, mechanical ventilation require-
ment, and hospital stay, among children with virus-bac-
teria co-detection, virus-atypical pathogen co-detection, 
and virus mono-detection. This may be due to the inclu-
sion of only severe CAP cases in this study, all of whom 
required bronchoscopy, indicating an already severe con-
dition. Furthermore, due to the presence of colonizing 
pathogens, the co-detection of pathogens did not entirely 

Table 1 Comparison of clinical features in detection with different types of pathogens and co-detection
virusan = 172(%) bacteriab

n = 41(%)
MP/
CPcn = 85(%)

virus + bacteri-
adn = 51(%)

virus + MP/CPe

n = 20(%)
statistical 
measure

P 
value

Gender(male) 108(62.8) 30(73.2) 44(51.8) 33(64.7) 14(70.0) χ2 = 147.9 0.152
Age(month) 20(11,36)ce 18(9,47)ce 76(53,98)abd 18

(11.5,41)ce
62.5 
(36.25,79.5)abd

Z = 125.3* 0.000

Fever 140(81.4)bc 24(58.5)ace 83(97.6)abd 40(78.4)c 19(95.0)b χ2 = 33.308 0.000
Cough 166(96.5) 39(95.1) 85(100) 50(98.0) 20(100) F = 4.158 0.309
Expectoration 134(77.9) 35(85.4) 64(75.3) 43(84.3) 14(70.0) χ2 = 3.585 0.465
Wheezing 82(47.7)c 22(53.7)ce 4(4.7)abd 26(51.0)c 3(15.0)b χ2 = 59.661 0.000
Anhelation 53(30.8)c 11(26.8) 8(9.4)a 13(25.5) 3(15.0) χ2 = 15.488 0.004
Vomiting 41(23.8) 8(19.5) 21(24.7) 13(25.5) 4(20.0) χ2 = 0.688 0.953
Lung rale 71(41.3) 9(22.0)d 28(32.9) 27(52.9)b 9(45.0) χ2 = 11.163 0.025
Atelectasis 39(22.7) 9(22.0) 22(25.9) 11(21.6) 5(25.0) χ2 = 0.514 0.972
Pleural effusion 28(16.3)c 5(12.2) 29(34.1)ad 2(3.9)c 3(15.0) χ2 = 23.049 0.000
Respiratory failure 6(3.5) 1(2.4) 4(4.7) 1(2.0) 1(5.0) F = 1.244 0.881
Plastic bronchitis 16(9.3) 1(2.4) 10(11.8) 2(3.9) 4(20.0) F = 7.233 0.105
WBC increase 76(44.2)c 22(53.7)c 22(25.9)abd 32(62.7)c 7(35.0) χ2 = 20.784 0.000
WBC decrease 23(13.4) 1(2.4)e 9(10.6) 3(5.9) 6(30.0)b χ2 = 12.382 0.015
Increased neutrophils ratio 36(20.9)c 6(14.6)c 38(44.7)abd 10(19.6)c 7(35.0) χ2 = 22.26 0.000
CRP increase 90(52.3)c 15(36.6)c 67(78.8)ab 30(58.8) 11(55.0) χ2 = 25.154 0.000
PCT increase 65(37.8)b 5(12.2)a 20(23.5) 17(33.3) 6(30.0) χ2 = 12.906 0.012
ALT increase 4(2.3) 1(2.4) 5(5.9) 2(3.9) 1(5.0) F = 2.918 0.532
AST increase 25(14.5) 3(7.3) 7(8.2) 4(7.8) 3(15.0) χ2 = 4.094 0.393
LDH increase 142(82.6) 30(73.2) 68(80.0) 43(84.3) 17(85.0) χ2 = 2.541 0.637
CK increase 30(17.4) 4(9.8) 16(18.8) 3(5.9) 1(5.0) χ2 = 7.673 0.104
CK-MB increase 9(5.2) 2(4.9) 0(0.0) 4(7.8) 0(0.0) F = 7.352 0.075
Antibiotics 166(96.5) 37(90.2) 84(98.8) 49(96.1) 20(100) F = 5.331 0.192
Antiviral 48(27.9) 7(17.1) 13(15.3) 9(17.6) 7(35.0) χ2 = 8.503 0.075
Corticosteroid 83(48.3) 19(46.3) 47(55.3) 22(43.1) 14(70.0) χ2 = 5.54 0.236
Intravenous immunoglobulin 57(33.1)c 6(14.6) 12(14.1)a 9(17.6) 6(30.0) χ2 = 15.719 0.003
Oxygen inhalation 96(55.8)bc 8(19.5)a 22(25.9)a 20(39.2) 7(35.0) χ2 = 31.686 0.000
Mechanical ventilation 1(0.6) 1(2.4) 1(1.2) 0(0.0) 0(0.0) F = 2.867 0.423
PICU administration 11(6.4) 1(2.4) 3(3.5) 1(2.0) 2(10.0) F = 3.392 0.441
Duration of hospitalization 9(6,11) 8(6,9) 8(7,10) 9(7,10) 8.5(6.8,12.8) Z = 5.259* 0.262
a, b, c, d and e represented statistically significant differences between different groups, F refers to Fisher’s exact test, * indicated data that is not normally distributed, 
expressed as median (P25, P75), and the statistical measure was the Z value



Page 6 of 7Chen et al. BMC Pulmonary Medicine          (2025) 25:130 

indicate co-infection, which may introduced bias into the 
experimental results.

The study also revealed no significant differences 
in clinical presentations, including wheezing, dys-
pnea, fever, cough, sputum, vomiting, and lung sounds, 
between patients with virus-bacteria co-detections, 
virus-atypical pathogen co-detection, and virus mono-
detection. Similarly, there were no significant differences 
in inflammatory markers such as CRP, white blood cell 
count, neutrophil ratio, procalcitonin, and organ func-
tion markers like alanine aminotransferase, aspartate 
aminotransferase, lactate dehydrogenase, creatine kinase, 
and creatine kinase isoenzymes. Do suggested that clini-
cal symptoms alone were insufficient to diagnose severe 
RSV pneumonia mixed with bacterial infection, but ele-
vated procalcitonin was associated with mixed bacterial 
infection [19]. However, Ericksen found that procalcito-
nin could not be used as a basis for judging virus-induced 
bronchiolitis complicated by bacterial pneumonia with 
respiratory failure [20]. Gao’s study showed no signifi-
cant differences in laboratory examinations between 
single MP infection and its mixed adenovirus infection 
[18]. Therefore, this study suggested that relying solely on 
clinical features was not sufficient to distinguish between 
simple viral infection and mixed viral infections with 
other pathogens in severe CAP, and targeted antimicro-
bial therapy still relies on pathogen detection.

This study has several limitations. Firstly, all cases were 
children who required BAL for diagnosis and/or treat-
ment, which may have certain characteristics that do not 
represent the general distribution of pathogens in severe 
CAP. Secondly, some children had received antimicrobial 
drugs before BAL, which may have selectively affected 
the detection of bacteria and atypical pathogens, leading 
to discrepancies between detected pathogens and actual 
infection status. Thirdly, although the use of BAL fluid 
for pathogen detection in this study provides more reli-
able etiological diagnosis compared to oral/nasopharyn-
geal swabs, it is still challenging to avoid the presence of 
colonizing pathogens. Additionally, the PCR detection 
method, with its higher sensitivity, may detect pathogens 
that are not necessarily indicative of active infections, 
which could potentially influence the experimental out-
comes. Fourthly, as this study was retrospective, there 
may be biases in the observation of clinical indicators.

Conclusion
The study revealed no significant differences in clinical 
presentations, including wheezing, dyspnea, fever, cough, 
sputum, vomiting, and lung sounds, between patients 
with virus-bacteria co-detections, virus-atypical patho-
gen co-detections, and virus mono-detection. Similarly, 
there were no significant differences in inflammatory 
markers such as CRP, white blood cell count, neutrophil 

ratio, procalcitonin, and organ function markers like ala-
nine aminotransferase, aspartate aminotransferase, lac-
tate dehydrogenase, creatine kinase, and creatine kinase 
isoenzymes. Therefore, this study suggested that relying 
solely on clinical features was not sufficient to distinguish 
between simple viral infection and mixed viral infections 
with other pathogens in severe CAP, and pathogen detec-
tion plays a critical role in etiological diagnosis and tar-
geted antimicrobial therapy. However, the presence of 
respiratory colonizing pathogens cannot be overlooked. 
In clinical practice, it is essential to integrate microbio-
logical findings with clinical characteristics and labora-
tory results to achieve a comprehensive and accurate 
assessment.
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