
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Wang et al. BMC Infectious Diseases          (2024) 24:426 
https://doi.org/10.1186/s12879-024-09297-x

BMC Infectious Diseases

†Jin-Zhu Wang and Ding Yuan contributed equally to this work.

*Correspondence:
Hong-Xiang Xie
xiehongxiang007@163.com
Yan-Xia Gao
gaoyanxiazzu@163.com

Full list of author information is available at the end of the article

Abstract
Background  Severe acute respiratory infection (SARI), a significant global health concern, imposes a substantial 
disease burden. In China, there is inadequate data concerning the monitoring of respiratory pathogens, particularly 
bacteria, among patients with SARI. Therefore, this study aims to delineate the demographic, epidemiological, and 
aetiological characteristics of hospitalised SARI patients in Central China between 2018 and 2020.

Methods Eligible patients with SARI admitted to the First Affiliated Hospital of Zhengzhou University between 1 
January 2018 and 31 December 2020 were included in this retrospective study. Within the first 24 h of admission, 
respiratory (including sputum, nasal/throat swabs, bronchoalveolar lavage fluid, thoracocentesis fluid, etc.), urine, 
and peripheral blood specimens were collected for viral and bacterial testing. A multiplex real-time polymerase 
chain reaction (PCR) diagnostic approach was used to identify human influenza virus, respiratory syncytial virus, 
parainfluenza virus, adenovirus, human bocavirus, human coronavirus, human metapneumovirus, and rhinovirus. 
Bacterial cultures of respiratory specimens were performed with a particular focus on pathogenic microorganisms, 
including S. pneumoniae, S. aureus, K. pneumoniae, P. aeruginosa, Strep A, H. influenzae, A. baumannii, and E. coli. In 
cases where bacterial culture results were negative, nucleic acid extraction was performed for PCR to assay for the 
above-mentioned eight bacteria, as well as L. pneumophila and M. pneumoniae. Additionally, urine specimens were 
exclusively used to detect Legionella antigens. Furthermore, epidemiological, demographic, and clinical data were 
obtained from electronic medical records.

Results The study encompassed 1266 patients, with a mean age of 54 years, among whom 61.6% (780/1266) 
were males, 61.4% (778/1266) were farmers, and 88.8% (1124/1266) sought medical treatment in 2020. Moreover, 
80.3% (1017/1266) were housed in general wards. The most common respiratory symptoms included fever (86.8%, 
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Introduction
Severe acute respiratory infection (SARI) stands as a sig-
nificant contributor to morbidity and mortality across all 
age groups, particularly affecting children, the elderly, 
and individuals with cardiopulmonary disease and 
immune deficiency [1]. Despite advances in revealing the 
incidence and primary causes of SARI, meeting clinical 
demands remains challenging [2]. The respiratory patho-
gens accountable for SARI encompass various viruses 
and bacteria, their prevalence and distribution being sub-
ject to geographic location, seasonal variations, and age 
groups. Therefore, comprehending the composition of 
the SARI-associated respiratory pathogen spectrum is an 
important guide for judiciously administering antivirals 
and antibiotics [3].

Currently, comprehensive data are scarce regarding the 
epidemiology of respiratory pathogens in China, with a 
predominant focus on paediatric populations in exist-
ing studies. A comparative analysis in China explored 
viral test outcomes in hospitalised children with SARI 
in Beijing and Shanghai, unveiling distinct age-specific 
and seasonal distribution patterns of viral infections 

between the two cities. Rhinovirus (RV) and enterovi-
rus emerged as the most prevalent, followed by respira-
tory syncytial virus (RSV), human bocavirus (HBoV), 
adenovirus (ADV), human coronavirus (HCoV), and 
influenza viruses [4]. A 3-year surveillance in Wuhan, 
China, highlighted that the detection rate of respira-
tory viruses among children with SARI peaked in Janu-
ary and December decreasing significantly in February 
and August. Influenza virus was detected at the highest 
rate before, and RSV after, the coronavirus disease 2019 
(COVID-19) pandemic [5]. These findings significantly 
contributed to understanding the composition of the 
respiratory pathogen spectrums linked to SARI in chil-
dren. In a pilot hospital-based surveillance in Jinshan, 
Shanghai, examining etiological and epidemiological 
characteristics of SARI caused by multiple viruses and 
Mycoplasma pneumoniae in adult patients, the findings 
revealed that among 397 patients enrolled, 250 (63.0%) 
tested positive for at least one pathogen, with 52 (13.1%) 
patients testing positive for multiple pathogens. Myco-
plasma pneumoniae (23.9%), influenza virus (21.4%), and 

1122/1266) and cough (77.8%, 986/1266). Chest imaging anomalies were detected in 62.6% (792/1266) of cases, 
and 58.1% (736/1266) exhibited at least one respiratory pathogen, with 28.5% (361/1266) having multiple infections. 
Additionally, 95.7% (1212/1266) of the patients were from Henan Province, with the highest proportion (38.3%, 
486/1266) falling in the 61–80 years age bracket, predominantly (79.8%, 1010/1266) seeking medical aid in summer 
and autumn. Bacterial detection rate (39.0%, 495/1266) was higher than viral detection rate (36.9%, 468/1266), with 
the primary pathogens being influenza virus (13.8%, 175/1266), K. pneumoniae (10.0%, 127/1266), S. pneumoniae 
(10.0%, 127/1266), adenovirus (8.2%, 105/1266), P. aeruginosa (8.2%, 105/1266), M. pneumoniae (7.8%, 100/1266), and 
respiratory syncytial virus (7.7%, 98/1266). During spring and winter, there was a significant prevalence of influenza 
virus and human coronavirus, contrasting with the dominance of parainfluenza viruses in summer and autumn. 
Respiratory syncytial virus and rhinovirus exhibited higher prevalence across spring, summer, and winter. P. aeruginosa, 
K. pneumoniae, and M. pneumoniae were identified at similar rates throughout all seasons without distinct spikes in 
prevalence. However, S. pneumoniae showed a distinctive pattern with a prevalence that doubled during summer 
and winter. Moreover, the positive detection rates of various other viruses and bacteria were lower, displaying a 
comparatively erratic prevalence trend. Among patients admitted to the intensive care unit, the predominant 
nosocomial bacteria were K. pneumoniae (17.2%, 43/249), A. baumannii (13.6%, 34/249), and P. aeruginosa (12.4%, 
31/249). Conversely, in patients from general wards, predominant pathogens included influenza virus (14.8%, 
151/1017), S. pneumoniae (10.4%, 106/1017), and adenovirus (9.3%, 95/1017). Additionally, paediatric patients 
exhibited significantly higher positive detection rates for influenza virus (23.9%, 11/46) and M. pneumoniae (32.6%, 
15/46) compared to adults and the elderly. Furthermore, adenovirus (10.0%, 67/669) and rhinovirus (6.4%, 43/669) 
were the primary pathogens in adults, while K. pneumoniae (11.8%, 65/551) and A. baumannii (7.1%, 39/551) prevailed 
among the elderly, indicating significant differences among the three age groups.

Discussion In Central China, among patients with SARI, the prevailing viruses included influenza virus, adenovirus, 
and respiratory syncytial virus. Among bacteria, K. pneumoniae, S. pneumoniae, P. aeruginosa, and M. pneumoniae were 
frequently identified, with multiple infections being very common. Additionally, there were substantial variations in 
the pathogen spectrum compositions concerning wards and age groups among patients. Consequently, this study 
holds promise in offering insights to the government for developing strategies aimed at preventing and managing 
respiratory infectious diseases effectively.

Keywords Central China, Hospitalised patients, Severe acute respiratory infection, Respiratory pathogen, 
Epidemiologic characteristics
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ADV (11.6%) were the most frequently identified patho-
gens [6].

In the recent surge of hospitalised patients with SARI, 
bacterial infections have emerged as a noteworthy con-
tributor alongside the common viral infections and a 
significant proportion of patients have mixed infections 
[7–9]. Currently, there is a dearth of studies concentrat-
ing specifically on respiratory pathogens, particularly 
bacterial infections, among individuals with SARI in 
China. This study, encompassing 1266 patients with 
SARI admitted to the First Affiliated Hospital of Zheng-
zhou University from 2018 to 2020, aims to delineate the 
demographic, epidemiological, and aetiological charac-
teristics of these patients in Central China.

Materials and methods
Participants
Henan Province, situated in Central China, boasts a pop-
ulation exceeding 100  million. The First Affiliated Hos-
pital of Zhengzhou University, located in the province’s 
capital, Zhengzhou, stands as a large healthcare facility 
accommodating up to 10,000 beds. Each year, it admits 
a substantial number of patients with respiratory infec-
tions from within and outside the province. Additionally, 
it serves as a national surveillance sentinel for monitoring 
respiratory pathogens.

Patients meeting the criteria for SARI and admitted 
to the First Affiliated Hospital of Zhengzhou University 
from 1 January 2018 to 31 December 2020 were retro-
spectively enrolled. SARI diagnosis aligned with the defi-
nition outlined by the World Health Organisation [10]: 

the presence of acute respiratory infection symptoms, 
along with a history of fever (≥ 38 °C), new onset of cough 
or worsening of pre-existing cough, necessitating hos-
pitalisation within the preceding 10 days. The exclusion 
criteria encompassed conditions such as thermoregu-
latory and haematological system disorders, duration 
from fever onset to visit exceeding > 7 days, and refusal 
to undergo etiological examinations, as demonstrated in 
Fig. 1.

Patients within this study underwent categorisation 
based on age groups: individuals ≤ 14 years were identi-
fied as paediatric patients, those aged over 14 years and 
≤ 60 years were classified as adult patients, and those 
aged > 60 years were categorised as elderly patients.

Study methods
Collection of clinical data
Upon admission, comprehensive demographic and clini-
cal data were recorded for all patients. This encompassed 
details such as age, sex, occupation, date of visit, patient 
distribution (intensive care unit [ICU], respiratory ward, 
internal medicine ward, surgical ward, paediatric ward, 
and emergency ward), duration from fever onset to hos-
pital visit, primary clinical symptoms, history of chronic 
diseases, pre-admission antibiotic usage, chest imaging 
findings, and infection type, and other pertinent factors.

Collection, transportation, and storage of specimens
Within 24 h of admission (prior to treatment initiation), 
experienced nurses collected respiratory and blood 
specimens following standard protocols for viral and 

Fig. 1 Study flow chart
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bacterial testing. For viral tests, nasal/throat swabs were 
mandatory, while, if feasible, sputum, bronchoalveolar 
lavage fluid (BALF), thoracocentesis fluid, and peripheral 
blood were also obtained. Regarding bacterial specimens, 
peripheral blood, sputum, and urine were mandatory, 
and BALF and thoracocentesis fluid were collected if 
conditions permitted. Respiratory physicians performed 
BALF collection through fibreoptic bronchoscopy lavage 
when necessary, while thoracocentesis fluid collection 
was performed based on the condition of the patients 
with pleural effusion. Blood culture flasks needed to be 
submitted within 24  h and stored at room temperature 
(15–30  °C) before submission, while other specimens 
were stored at 4–8℃ before submission. During speci-
men transportation, blood culture flasks were stored at 
15–30℃, whereas other specimens were transported at 
4–8 ℃. All specimens were promptly tested for viruses 
and bacteria upon arrival at the testing laboratory of the 
First Affiliated Hospital of Zhengzhou University. Viral 
test specimens that could be examined within 24 h were 
stored at 4℃, while those requiring longer storage were 
kept at ≤-70℃. Bacterial culture specimens were isolated 
immediately to avoid repeated freeze-thaw cycles.

Detection of pathogens
Bacterial detection process The collected respiratory 
specimens (sputum, BALF, and thoracocentesis fluid) 
underwent processing and were inoculated into blood 
agar, MacConkey agar, and chocolate agar culture media. 
Concurrently, peripheral blood specimens were intro-
duced into blood culture flasks upon collection. All media 
were then incubated in a 5–10% carbon dioxide environ-
ment at 35 °C, maintaining a humid setting for 18–24 h. 
Subsequently, suspected bacteria displaying distinctive 
bacterial colony morphology were selected for isolation 
into pure culture. The eight primary pathogenic micro-
organisms encompassed Streptococcus pneumoniae(S. 
pneumoniae), Staphylococcus aureus(S.aureus), Klebsiella 
pneumoniae(K.pneumoniae), Pseudomonas aeruginosa(P. 
aeruginosa), Group A β Streptococcus(Strep A), Haemophi-
lus influenzae(H. influenzae), Acinetobacter baumannii(A. 
baumannii), and Escherichia coli(E.coli). In instances 
where bacterial culture results were negative, nucleic 
acid extraction was performed following the prescribed 
protocol for PCR assay. The commercial kit used for bac-
terial DNA extraction and PCR detection was Genomic 
DNA Extraction Kits (Thermo Fisher Scientific, Shanghai, 
China). This process targeted the above-mentioned eight 
bacteria in addition to Legionella pneumophila(L. pneu-
mophila) and Mycoplasma pneumoniae(M. pneumoniae). 
Urine specimens were exclusively used for Legionella 
antigen detection, using kits provided by HEPENGBIO 
(Shanghai, China).

Viral detection process The respiratory specimens 
(nasal/throat swabs, sputum, BALF, and thoracocentesis 
fluid) obtained were packaged and processed for nucleic 
acid extraction. Using the QIAamp Viral RNA/DNA 
Mini-Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions, viral ribonucleic acid (RNA) 
and deoxyribonucleic acid (DNA) were extracted from 
200 µL samples. RNA viruses were identified via reverse 
transcription-PCR, while DNA viruses were detected 
using the PCR method. The FTD Respiratory Pathogens 
21 (Fast Track Diagnostics) multiplex real-time PCR (Pre-
medical Laboratories, Beijing, China) diagnostic approach 
was used to detect human influenza virus, RSV, parainflu-
enza virus (PIV), ADV, HBoV, HCoV, human metapneu-
movirus, and RV. Specimens testing positive for nucleic 
acids underwent further analysis via virus isolation and 
variation assessment. In certain instances, peripheral 
blood specimens were chosen for antibody testing to 
suspected viruses (if necessary). Specimens negative for 
nucleic acids or peripheral blood viral antibodies were 
further analysed for unknown pathogens (if necessary).

Statistical methods
Statistical analyses were conducted using SPSS 24.0 
software. Normally distributed measurement data are 
presented as the mean ± standard deviation (x ± s), and 
non-normally distributed data are presented as the 
median and interquartile range. Categorical data are pre-
sented as the number of cases and percentage, and com-
pared using the χ2 test or Fisher’s exact test. A P-value of 
< 0.05 was considered statistically significant.

Results
General clinical data
This study encompassed 1266 patients, with a mean age 
of 54 years; among them, 64.4% (811/1266) were classified 
as adult patients. The cohort comprised 61.6% (780/1266) 
males and 61.4% (778/1266) individuals were farmers. A 
significant majority, 88.8% (1124/1266), sought medical 
treatment in 2020, with the majority (79.8%, 1010/1266) 
seeking treatment during summer and autumn. Addi-
tionally, 80.3% (1017/1266) were admitted to general 
wards. Common respiratory symptoms included fever 
(86.8%, 1122/1266) and cough (77.8%, 986/1266). Anom-
alies were detected in chest imaging studies for 62.6% 
(792/1266) of the patients, while 10.7% (135/1266) had 
received antibiotic therapy before admission. Moreover, 
65.4% (828/1266) underwent BALF collection. Among 
the cohort, 58.1% (736/1266) had at least one identified 
respiratory pathogen, as detailed in Table 1.

Epidemiological characteristics of 1266 patients with SARI
Furthermore, 95.7% (1212/1266) of the participants were 
from Henan Province, predominantly residing in and 
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Patient characteristics All patients (n = 1266)
Age [years, x ± s] 54 ± 18
Age distribution [n (%)]
≤ 14 years old 46 (3.6)
15–60 years old 669 (52.8)
> 60 years old 551 (43.6)
Sex [n (%)]
Male 780 (61.6)
Female 486 (38.4)
Geographic distribution [n (%)]
Henan Province 1212 (95.7)
Other provinces 54 (4.3)
Occupation type [n (%)]
Farmer 778 (61.4)
Retiree 97 (7.6)
Student 83 (6.6)
Worker 92 (7.2)
Cadres and office clerk 186 (14.6)
Others 5 (0.4)
Unknown 25 (1.9)
Year of visit [n (%)]
2018 39 (3.1)
2019 103 (8.1)
2020 1124 (88.8)
Season at the time of visit [n (%)]
Spring 120 (9.5)
Summer 402 (31.8)
Autumn 608 (48.0)
Winter 136 (10.7)
Patient distribution [n (%)]
Emergency ward 421 (33.2)
Respiratory ward 420 (33.2)
Internal medicine ward 83 (6.6)
Surgical ward 66 (5.2)
Paediatric ward 27 (2.1)
ICU 249 (19.7)
Time from onset to treatment [d, x ± s] 2 ± 1
Major respiratory symptoms and signs [n (%)]
Fever 1122 (86.8)
Cough 986 (77.8)
Expectoration 462 (36.4)
Shortness of breath 253 (19.9)
Difficulty breathing 618 (48.8)
Chest pain 119 (9.4)
Pulmonary rales 224 (17.7)
Concomitant symptoms [n (%)]
Headache 74 (5.8)
Weakness 152 (12.0)
Abdominal pain 65 (5.1)
Nausea 30 (2.4)
Dizziness 38 (3.0)
Arthralgia 22 (1.7)
Chest imaging [n (%)]
Unremarkable 21 (1.6)

Table 1 Demographic and clinical characteristics of 1266 patients with severe acute respiratory infection
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around Zhengzhou. Notably, there was a higher rep-
resentation of patients from the eastern region in com-
parison to the western part of Henan Province (A). Males 
(61.6%, 780/1266) constituted the majority, while individ-
uals aged 61–80 years (38.3%, 486/1266) accounted for 
the largest demographic group, followed by those aged 
41–60 years (36.3%, 460/1266). Seeking medical treat-
ment peaked during autumn (48.0%, 608/1266), followed 
by summer (31.8%, 402/1266) (B), as presented in Fig. 2.

Analysis of the respiratory pathogen spectrum of 1266 
patients with SARI
Most patients (88.8%, 1124/1266) sought medical treat-
ment in 2020, and the pathogen spectrums were similar 
in 2018, 2019, and 2020 (C). Among the 1266 patients 
with SARI, the top five viruses identified were influenza 
virus (13.8%, 175/1266), ADV (8.2%. 105/1266), RSV 
(7.7%, 98/1266), RV (5.2%, 67/1266), and PIV (4.8%, 
62/1266). The primary subtypes of influenza virus were 
influenza A virus H1N1(8.0%), influenza B virus(4.9%), 
and influenza A virus H3N2(3.7%).The top five bacteria 

Fig. 2 Epidemiological characteristics of 1266 patients with severe acute respiratory infection. Geographic distribution (A) distribution of patients ac-
cording to sex and age by the month of visit (B)

 

Patient characteristics All patients (n = 1266)
Pulmonary exudation 144 (11.4)
Pulmonary hyperinflation 130 (10.3)
Pleural effusions 419 (33.1)
Lymphadenectasis 99 (7.8)
Not checked 290 (22.9)
Chronic medical conditions [n (%)]
Heart disease 107 (8.4)
Hypertension 247 (19.5)
Diabetes mellitus 111 (8.7)
Chronic respiratory disease 21 (1.6)
CKD 12 (0.9)
Use of antibiotics before admission [n (%)]
Yes 135 (10.7)
No 895 (70.7)
Unclear 236 (18.6)
Special respiratory specimens [n (%)]
BALF 828 (65.4)
Thoracentesis fluid 104 (8.2)
Single infection [n (%)] 385 (30.4)
Multiple infections [n (%)]
Two pathogens 208 (16.4)
Three pathogens 113 (8.9)
Four or more pathogens 40 (3.1)
ICU, intensive care unit; CKD, chronic kidney disease; BALF, bronchoalveolar lavage fluid

Table 1 (continued) 
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identified were K. pneumoniae (10.0%, 127/1266), S. 
pneumoniae (10.0%, 127/1266), P. aeruginosa (8.2%, 
105/1266), M. pneumoniae (7.8%, 100/1266), A. bauman-
nii (5.7%, 73/1266), and H. influenzae (5.2%, 66/1266) (A). 
The overall bacterial detection rate stood higher at 39.0% 
(495/1266) compared to the viral detection rate of 36.9% 
(468/1266) (B). The predominant pathogen spectrum 
comprised influenza virus (13.8%, 175/1266), followed by 
K. pneumoniae (10.0%, 127/1266), S. pneumoniae (10.0%, 
127/1266), ADV (8.2%, 105/1266), P. aeruginosa (8.2%, 
105/1266), M. pneumoniae (7.8%, 100/1266), and RSV 
(7.7%, 98/1266) (A), as depicted in Fig. 3.

Differences in the pathogen spectrum among patients in 
different years of visits
Dividing patients into two groups, 2018 and 2019, and 
comparing them with the pathogen spectrum of patients 
in 2020. It was found that the positive rates of influenza 
virus, rhinovirus, human coronaviruses, and K. pneu-
moniae in the 2020 group were significantly lower than 
those in the 2018 and 2019 groups, and the differences 
were statistically significant (all P < 0.05). The detection 
rates of adenovirus, respiratory syncytial virus, boca-
virus, S. pneumoniae, P. aeruginosa, M. pneumoniae, A. 
baumannii, H. influenzae, S. aureus, E. coli, and L. pneu-
mophila in the 2020 group were also lower than those in 
the 2018 and 2019 groups, but no statistical differences 
were observed (all P > 0.05), as presented in Fig. 4.

Respiratory viral detection in patients with SARI seeking 
medical treatment in different seasons
Influenza virus (A) and HCoV (F) exhibited signifi-
cant prevalence during spring and winter. Particularly 
notable was the high detection rate of influenza virus at 
71.6% (86/120) in spring and 44.8% (61/136) in winter. 
Conversely, their prevalence trend appeared relatively 
sporadic in other seasons. PIV (C) demonstrated pre-
dominant prevalence in summer and autumn, recording 
positive rates of 5.5% (22/402) and 5.6% (34/608), respec-
tively. RSV (B) and RV (H), with notably higher positive 

detection rates, were more frequently observed in spring, 
summer, and winter, and less common in autumn. On the 
other hand, several other viruses exhibited lower detec-
tion rates and relatively sporadic prevalence trends (D, E, 
and G), as presented in Fig. 5.

Respiratory bacterial detection in patients with SARI 
seeking medical treatment in different seasons
P. aeruginosa (A), K. pneumoniae (B), and M. pneu-
moniae (G), exhibiting higher positive detection rates, 
maintained similar rates across all seasons. In contrast, S. 
pneumoniae (D) displayed a “double peak” prevalence in 
summer and winter. The positive detection rates of sev-
eral other bacteria were lower, and their prevalence trend 
was relatively sporadic (C, E, F, H, I, and J), as presented 
in Fig. 6.

Differences in respiratory pathogen spectrums between 
patients with SARI in the ICU and those in general wards
Among the 249 patients admitted to the ICU, the top five 
identified pathogen spectrums comprised K. pneumoniae 
(17.2%, 43/249), A. baumannii (13.6%, 34/249), P. aeru-
ginosa (12.4%, 31/249), influenza virus (9.6%, 24/249), 
and S. pneumoniae (8.4%, 21/249). Conversely, among 
the 1017 patients in general wards, the top five pathogen 
spectrums comprised influenza virus (14.8%, 151/1017), 
S. pneumoniae (10.4%, 106/1017), ADV (9.3%, 95/1017), 
K. pneumoniae (8.2%, 84/1017), and RSV (8.0%, 82/1017). 
Moreover, patients admitted to the ICU exhibited sig-
nificantly higher positive detection rates than patients 
in general wards for K. pneumoniae (17.2% vs. 8.2%), 
A. baumannii (13.6% vs. 3.8%), P. aeruginosa (12.4% vs. 
7.2%), S. aureus (4.4% vs. 2.5%), HCoV (5.6% vs. 4.4%), 
and PIV (6.8% vs. 4.4%). Conversely, patients admitted to 
the ICU had lower positive detection rates of influenza 
virus (9.6% vs. 14.8%), ADV (4.4% vs. 9.3%), RV (2.4% vs. 
5.9%), and M. pneumoniae (1.8% vs. 7.1%), as depicted in 
Fig. 7.

Fig. 3 Respiratory pathogen spectrum of 1266 patients with severe acute respiratory infection. Overall pathogen distribution (A) comparison of the 
number of patients with positive bacterial and viral tests (B) pathogen distribution across different years (C)
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Differences in respiratory pathogen spectrums among 
patients with SARI across different age groups
The positive detection rates of influenza virus and M. 
pneumoniae reached as high as 23.9% (11/46) and 32.6% 
(15/46), respectively, in paediatric patients, significantly 
surpassing those observed in adult and elderly patients. 
Moreover, among adults, ADV (10.0%, 67/669) and 
RV (6.4%, 43/669) emerged as the primary pathogens, 
whereas in the elderly, K. pneumoniae (11.8%, 65/551) 
and A. baumannii (7.1%, 39/551) were predominant, 
exhibiting significant differences among the three age 
groups. Notably, there were no significant differences 
observed in the positive detection rates of other viruses 
and bacteria across the age groups, as depicted in Fig. 8.

Discussion
Routine surveillance of the SARI-associated respiratory 
pathogen spectrum and epidemiological characteristics 
within a country or region serves as an important guide 
for developing appropriate prevention and control strat-
egies. This study described the epidemiological charac-
teristics of common viruses and bacteria responsible for 
SARI in Henan Province over 3 years (2018–2020). The 
findings indicated a substantial influx of patients (79.8%) 
seeking medical treatment during summer and autumn, 
contrasting with fewer visits in winter, possibly linked 
to the COVID-19 pandemic at the end of 2019. During 

this period, comprehensive government-imposed mea-
sures aimed to curb population movement [11]. More-
over, a predominant 95.7% hailed from Henan Province, 
particularly from the vicinity of Zhengzhou. More-
over, the higher patient count from the eastern part of 
Henan Province might stem from the limited medical 
resources, leading patients to opt for treatment in Zheng-
zhou, abundant in medical facilities. This underscores 
regional disparities in resource distribution. Additionally, 
individuals aged 61–80 years constituted a significant 
proportion and faced heightened susceptibility to respi-
ratory infections. The majority (80.3%) were from general 
wards, with 13.2% requiring ICU care, Notably compris-
ing elderly individuals with underlying health conditions 
or compromised immune systems—consistent with pre-
vailing research [12]. Furthermore, fever (86.8%) and 
cough (77.8%) emerged as the most prevalent clinical 
symptoms, aligning with previous findings [6, 13]. Chest 
imaging revealed anomalies in 62.6% of cases, suggesting 
a likelihood of over half of the patients eventually receiv-
ing a diagnosis of community-acquired pneumonia.

Although the main consultation time for patients in 
this study is in 2020, the pathogen spectrum in these 
three years (2018–2020) shows a similar trend. The 
premise for obtaining this result is that patients infected 
with COVID-19 are excluded from this study. As we 
all know, the COVID-19 pandemic has caused a huge 

Fig. 4 Differences in the pathogen spectrum among patients in different years of visits.For each pathogen, the positive rate on the Y-axis is the number 
of patients who tested positive for respiratory pathogen in that year divided by the number of patients in that year
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disease and economic burden worldwide [14, 15]. Wear-
ing masks for personal protection and maintaining a cer-
tain social distance has become an important measure 
for “epidemic prevention,” and this recommendation has 
been deeply rooted in the public consciousness [16]. Our 
study found that the positive rates of influenza viruses, 
rhinoviruses, human coronaviruses, and K. pneumoniae 
detection in the 2020 group were significantly lower than 
those in the 2018 and 2019 groups, and the differences 

were statistically significant (all P < 0.05). In addition, 
the detection rates of adenoviruses, respiratory syncy-
tial viruses, bocaviruses, S. pneumoniae, P. aeruginosa, 
M. pneumoniae, A. baumannii, H. influenzae, S. aureus, 
E. coli, and L. pneumophila in the 2020 group were also 
lower than those in the 2018 and 2019 groups, but no 
statistical differences were shown (all P > 0.05). This indi-
cates that standardized mask wearing, as a non-phar-
maceutical intervention measure, is not only effective in 

Fig. 5 Detection of respiratory viruses in patients with severe acute respiratory infection seeking medical treatment in different seasons. Each image 
illustrates the seasonal distribution of the pathogen. For each pathogen, the positive rate on the Y-axis is the number of patients who tested positive for 
respiratory viruses in that season divided by the number of patients in that season. Influenza virus (A) respiratory syncytial virus (B) parainfluenza virus (C) 
adenovirus (D) human bocavirus (E) human coronavirus (F) human metapneumovirus (G) rhinovirus (H)

 



Page 10 of 14Wang et al. BMC Infectious Diseases          (2024) 24:426 

Fig. 6 (See legend on next page.)
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reducing COVID-19 virus infections but also effective in 
preventing the transmission of other pathogens.

While most patients sought medical treatment in 2020, 
the pathogen spectrums observed over 3 years (2018–
2020) exhibited a consistent trend, contingent upon the 
exclusion of individuals infected with COVID-19 from 
this study. Moreover, 58.1% (736/1266) of the patient 
cohort had at least one identifiable respiratory patho-
gen, with the bacterial detection rate (39.0%) marginally 
surpassing the viral detection rate (36.9%), contrary to 
findings in other studies. Furthermore, the surveillance 
focused on monitoring the incidence of bacterial infec-
tions in SARI. The higher bacterial positive detection 
rates observed in this study may be attributed to the fact 
that up to 65.4% of the patients underwent BALF col-
lection. Previous studies have demonstrated that BALF, 
being a lower respiratory specimen, exhibits significantly 
higher rates of positive bacterial culture compared to 
upper respiratory specimens, particularly in cases of life-
threatening lung infections. In such cases, employing 
metagenome next-generation sequencing can expedite 
the identification of pathogens [17–19].

The study identified the top five viruses as influenza 
virus (13.8%), ADV (8.2%), RSV (7.7%), RV (5.2%), and 
PIV (4.8%). Further analysis of influenza virus subtypes 
revealed influenza A virus H1N1, influenza A virus H3N2, 
and influenza B virus as the primary subtypes, prevalent 
during winter and spring, aligning with the previous sur-
veillance in Hubei [20, 21]. This emphasises the impor-
tance of influenza vaccination, particularly for high-risk 
groups such as infants, young children, and elderly indi-
viduals with underlying diseases, as a preventive measure. 
HCoV exhibited a significant prevalence trend in spring 
and winter, while PIV predominated in summer and 
autumn. Additionally, RSV and RV, with higher positive 
detection rates, were more prevalent in spring, summer, 
and winter but less common in autumn. Conversely, sev-
eral other viruses exhibited relatively low detection rates 
and sporadic prevalence trends, a consistent epidemio-
logical feature observed in previous reports [4]. Of the 
1266 patients, 28.5% presented with multiple infections, 
primarily a combination of bacterial and viral infections. 
Similar patterns have been reported in previous studies 
[22]. This could be attributed to viral infections disrupt-
ing airway tissues and function, thereby increasing sus-
ceptibility to bacterial invasion [23, 24].

The top five bacteria identified in this study were 
K. pneumoniae (10.0%), S. pneumoniae (10.0%), P. 

aeruginosa (8.2%), M. pneumoniae (7.8%), A. baumannii 
(5.7%), and H. influenzae (5.2%). Notably, S. pneumoniae, 
M. pneumoniae, and H. influenzae are commonly associ-
ated with community-acquired pneumonia, whereas K. 
pneumoniae, P. aeruginosa, and A. baumannii are fre-
quently associated with hospital-acquired pneumonia. 
These findings align with previous studies, emphasising 
the importance of these bacteria in pneumonia diagnoses 
[25, 26]. For effective early-stage empirical anti-infective 
therapy upon hospital admission, identifying the specific 
bacterial infection based on patients’ underlying condi-
tions and risk factors is crucial. This tailored approach 
aids in selecting appropriate antibiotics, a key measure 
to reduce antibiotic abuse and bacterial resistance [27]. 
M. pneumoniae detection rates in this study were sig-
nificantly lower than those in Jinshan, Shanghai [6], and 
Kenya [28], but similar to rates observed in Hong Kong 
[29], indicating regional and climatic differences in bac-
terial prevalence. Epidemiologically, P. aeruginosa, K. 
pneumoniae, and M. pneumoniae, with higher positive 
detection rates, exhibited consistent rates across all sea-
sons. In contrast, S. pneumoniae demonstrated a “double 
peak” prevalence in summer and winter, warranting spe-
cial attention.

This study compared the detection of respiratory 
pathogens between 249 patients admitted to the ICU and 
1017 patients admitted to the general ward. It revealed 
that the prevalent pathogens in the ICU were K. pneu-
moniae, A. baumannii, and P. aeruginosa, while the gen-
eral wards showed higher occurrences of influenza virus, 
ADV, RV, and Chlamydia pneumoniae. This highlights 
the critical need for close monitoring of patients with 
K. pneumoniae, A. baumannii, and P. aeruginosa due to 
their potential susceptibility to inadequate anti-infective 
therapy and disease progression, potentially linked to the 
rise in bacterial drug resistance [30, 31]. Regarding dif-
ferent age groups, the paediatric patients exhibited mark-
edly elevated positive detection rates of influenza virus 
(23.9%) and M. pneumoniae (32.6%), surpassing those 
observed in adult and elderly patients, a trend consistent 
with previous research [32]. Additionally, among adults, 
ADV (10.0%) and RV (6.4%) were the predominant 
pathogens, mostly treated in general wards with a lower 
likelihood of condition exacerbation. Contrastingly, the 
elderly, with higher risks of disease progression, exhibited 
major pathogens such as Klebsiella pneumoniae (11.8%) 
and Acinetobacter baumannii (7.1%), often leading to 
ICU admission for treatment. It also reflects that elderly 

(See figure on previous page.)
Fig. 6 Detection of respiratory bacteria in patients with severe acute respiratory infection seeking medical treatment in different seasons. Each image 
illustrates the seasonal distribution of the pathogens. For each pathogen, the positive rate on the Y-axis is the number of patients who tested positive 
for respiratory bacteria in that season divided by the number of patients in that season. Pseudomonas aeruginosa (A) Klebsiella pneumoniae (B) Staphy-
lococcus aureus (C) Streptococcus pneumoniae (D) Haemophilus influenzae (E) Group A haemolytic streptococcus (F) Mycoplasma pneumoniae (G) 
Legionella (H) Acinetobacter baumannii (I); Escherichia coli (J)
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patients with chronic cardiovascular diseases and immu-
nodeficiencies are likely to have exacerbation of condi-
tions and even life-threatening conditions once SARI 
occurs, adding substantial burdens to families and soci-
ety [33, 34].

This study has several limitations. First, it is a single-
centre study with a small sample size. Despite the centre’s 
status as the largest hospital in Central China, the gen-
eralisability of these findings is relatively limited. Sec-
ond, there are fewer paediatric patients and the visitation 

Fig. 8 Differences in the respiratory pathogen spectrums among patients with severe acute respiratory infection across different age groups. The positive 
rate on the Y-axis is the number of patients who test positive for respiratory pathogens divided by the total number of patients. Statistical significance in 
terms of the detection rate among the three groups was set at P < 0.05 (marked with an asterisk)

 

Fig. 7 Differences in respiratory pathogen spectrums between patients with severe acute respiratory infection admitted to the intensive care unit and 
those in general wards. The positive rate on the Y-axis is the number of patients who tested positive for respiratory pathogens divided by the total number 
of patients. Statistical significance in terms of the detection rate between the two groups was set at P < 0.05 (marked with an asterisk)
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years, potentially introducing biases into the results. 
Third, the study focuses solely on common pathogens, 
overlooking the detection of uncommon ones such as 
Mycobacterium tuberculosis, fungi, and Pneumocystis 
jirovecii. Consequently, patients with unidentified patho-
gens might test positive for other unidentified pathogens. 
Lastly, the exclusion of patients with COVID-19 from 
this study is notable. Given, COVID-19’s prevalence as 
a common respiratory virus, it needs special attention in 
the diagnosis and treatment processes.

Conclusion
This study pioneers the surveillance of respiratory patho-
gens and epidemiological characteristics of patients with 
SARI in Central China, demonstrating the proliferation of 
various viruses and bacteria influenced by demographic 
factors and climate dynamics. It underscores the impor-
tance of continuous sentinel surveillance for SARI at the 
national and local levels. This surveillance offers a precise 
evaluation of SARI-associated pathogen prevalence and 
disease burden, crucially informing policy strategies for 
SARI prevention, control, and clinical management.
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