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Abstract

Background Acute respiratory infections (ARIs) are a leading cause of global morbidity and mortality, with disease
severity influenced by factors such as advanced age, underlying comorbidities, and pathogen type. This report
analyzed the association between several clinical variables and disease severity.

Methods A hospital-based cross-sectional study was conducted from September 2023 to April 2024, with data
collected from eight districts in Chongging, China. The study included 1,638 patients with ARIs, including both severe
and mild cases. Severe cases were identified using the gSOFA and APACHE Il scores, while demographic and clinical
data were obtained via questionnaires and hospital records. Pathogen detection was performed using real-time
quantitative PCR. Data analysis was carried out using Stata 17.0, with multiple logistic regression models assessing the
associations between clinical factors and disease severity.

Results Influenza A was the most prevalent pathogen, detected in 65.1% of severe cases and 32.9% of mild cases
(P<0.001).42.0% (165/393) of severe cases had viral and bacterial co-infections, compared to 26.8% (334/1,245)

of mild cases (P<0.001). The most common pathogens in co-infections included influenza A and Streptococcus
pneumoniae. Severe cases were more common in rural areas (28.8% vs. 18.1%, P<0.001) and among older adults
(=60 years) (28.2% vs. 13.5%, P<0.001). Clinical symptoms such as fever (61.8% vs. 40.9%, P<0.001), cough (68.7% vs.
53.2%, P<0.001), and dyspnea (34.8% vs. 15.1%, P <0.001) were significantly more prevalent in severe cases. Logistic
regression analysis showed that influenza A (OR: 4.52, 95% Cl: 3.51-5.85), Streptococcus pneumoniae (OR: 1.54, 95% Cl:
1.28-2.15), and pre-existing cardiovascular diseases (OR: 1.96, 95% Cl: 1.28-2.99) were significantly associated with the
development of severe outcomes.
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populations.
Clinical trial number Not applicable.

Conclusions This study underscores the complex interplay of factors influencing ARI severity, including pathogen
type, co-infections, age, and underlying medical conditions. Early identification of high-risk patients, particularly
those with bacterial co-infections and cardiovascular comorbidities, is essential for improving clinical outcomes in
ARl patients. Targeted treatment and preventative strategies are needed to mitigate severe disease in vulnerable
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Background

Respiratory infections remain a leading global cause of
morbidity and mortality, with significant variations in
severity influenced by factors such as age, pre-existing
conditions, and pathogen type [1]. Early identification
of high-risk patients is critical for improving clinical
outcomes, particularly in vulnerable populations such
as older adults and those with chronic diseases [2—4].
Older age, pre-existing medical conditions, and specific
viral infections, such as Influenza A and B, are associated
with adverse outcomes [3, 4]. However, existing stud-
ies have been limited by their narrow focus on specific
bacterial and viral pathogens, with insufficient attention
given to the role of underlying diseases, complications,
and co-infections in determining disease severity. Bacte-
rial co-infections, such as Streptococcus pneumoniae and
Haemophilus influenzae, exacerbate disease severity [2].
Age-related immune system decline, chronic comorbidi-
ties, and bacterial superinfections have all been identified
as risk factors for severe outcomes [3, 4]. Clinical symp-
toms such as fever, cough, and dyspnea were strongly
associated with disease severity, serving as key indica-
tors for clinicians to identify high-risk patients. This
study examined pneumonia, bronchitis, and severe cases
defined by the APACHE II score as outcomes to explore
the potential impact of patient age, underlying medi-
cal conditions, clinical symptoms, pathogen infections,
and co-infections on the severity of acute respiratory
infections.

Methods

Data were collected from eight districts in Chongqing,
China (Fuling, Wanzhou, Qianjiang, Banan, Yongch-
uan, Nan’an, Jiangjin, and Xiushan) between September
2023 and April 2024. Patients from 23 medical institu-
tions were enrolled, including departments of respiratory
medicine, pediatrics, emergency care, and fever clinics.
Severe cases of respiratory infections were randomly
selected from patients requiring hospitalization for at
least 24 h. The control group comprised age- and gender-
matched patients (1:3) from the same time period who
were treated as outpatients. This classification was fur-
ther supported by clinical severity scores, including the
APACHE II score, to ensure a more objective assessment

of disease severity. Mild cases were defined as patients
with a qSOFA score of <2. Severe cases were initially
screened using the gSOFA score with a threshold of >3,
and further assessed using the APACHE II score for con-
firmation. A specific cutoff for severe cases in APACHE II
scoring was set at =10, corresponding to a higher risk of
mortality and severe organ dysfunction, which is a com-
monly accepted threshold used in clinical practice. The
diagnostic criteria for pneumonia and bronchitis in this
study were determined by clinicians based on chest imag-
ing results. A questionnaire was developed for this study
and used to collect information on sex, age, body mass
index (BMI), residential area, interval from onset to med-
ical consultation, complications, preexisting conditions,
smoking status, auxiliary treatment, course duration, and
clinical outcomes. All questionnaires were reviewed by
the attending physicians of the patients to ensure that the
information provided was consistent with the data in the
Hospital Information System. Social demographic and
clinical information of patients obtained from follow-
up visits. The ethical review of the project was done by
the Ethics Committee of the Chongqing Center for Dis-
ease Control and Prevention, and informed consent was
obtained from all relevant personnel.

Nucleic acid testing was conducted using real-time
quantitative PCR (qPCR) on nasopharyngeal swab sam-
ples to detect 17 respiratory pathogens (S. pneumoniae,
H. influenzae, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Staphylococcus aureus, Bordetella pertussis,
Mycoplasma pneumoniae, influenza A and B, rhinovi-
rus, adenovirus, enterovirus, respiratory syncytial virus,
human metapneumovirus, parainfluenza virus, coronavi-
rus, and bokavirus). The test reagent was the Respiratory
Pathogen Nucleic Acid Multiplex Test Kit from Jiangsu
Hechuang Biotechnology Co. Primers were designed
based on conserved regions of each pathogen, and reac-
tion conditions were standardized to ensure reproduc-
ibility. Positive and negative controls were used to ensure
the validity of the result. Data analysis was conducted
using Stata 17.0 (StataCorp). The univariable analysis
included chi-square tests. Multiple logistic regression
models were used to assess the association between each
clinical factor and disease severity after adjusting for
confounding factors such as age groups, gender, BMI,
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residential area, illness onset months, and smoking sta-
tus. A two-sided P<0.05 was considered significant.

Results

Overall, 1,638 patients with respiratory infections were
included in this study, of whom 1,245 (76.1%) were clas-
sified as mild cases and 393 (23.9%) as severe cases. The
distribution of cases across urban and rural areas was
significantly different (P<0.01), with a higher propor-
tion of severe cases originating from rural regions. In
total, 81.9% of mild cases (1,020/1,245) and 71.2% of
severe cases (280/393) were from urban areas (P<0.01);
18.1% of mild cases (225/1,245) and 28.8% of severe cases
(113/393) were from rural areas (P<0.001). Most patients
had a normal BMI (62.7% of mild cases and 55.7% of
severe cases). Younger patients (0—17 years) accounted
for the highest proportions of mild (48.4%) and severe
cases (42.5%). Older adults (=60 years) accounted for
13.5% of mild cases and 28.2% of severe cases. Mild cases
had a higher cure rate (45.0%) than severe cases (41.6%)
(Table 1).

The most frequently detected respiratory pathogens
were influenza A (40.6%), influenza B (19.4%), and Hae-
mophilus influenzae (18.36%). Notably, influenza A was
significantly more prevalent in severe cases (65.1%) com-
pared to mild cases (32.9%, P<0.001). Influenza A was
the most prevalent among mild (32.9%) and severe cases
(65.1%). S. pneumoniae and P. aeruginosa were detected
in 14.8% and 9.7% of cases, respectively. S. pneumoniae
was more common in severe cases (17.5%) than in mild
cases (14.1%). Severe cases showed higher detection rates
of bacterial co-infections, such as P aeruginosa (12.2%),
than mild cases (8.3%) (Table 2).

Among the 1,638 patients, 38.8% had viral infections,
9.8% had bacterial infections, and 30.5% had viral/bac-
terial co-infections. Severe cases were more likely to be
associated with viral infections (53.9%) and had a higher
proportion of co-infections (42.0%) than mild cases
(26.8%). Mild cases were balanced between viral (33.9%)
and co-infections (26.8%). Common symptoms, such
as fever, cough, and sputum production, were preva-
lent across all groups, with co-infected patients showing
higher frequencies than those with strictly viral or bacte-
rial infections (Table 3).

The association between clinical information and
disease severity is shown in Fig. 1 and Additional file 1
(Table S1-S3). The development of pneumonia was signif-
icantly associated with the following risk factors: individ-
uals aged 60 years and above (odds ratio [OR]: 4.03, 95%
confidence interval [CI]: 2.58-6.29), infection with respi-
ratory syncytial virus (OR: 3.31, 95% CI: 1.60—6.87), influ-
enza A(OR: 1.51, 95% CI: 1.10-2.07), and-influenza B
(OR: 1.57, 95% CI: 1.09-2.26), as well as pre-existing lung
diseases (OR: 2.34, 95% CI: 1.48-3.70) and cardiovascular
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diseases (OR: 2.62, 95% CI: 1.62—4.24). The develop-
ment of bronchitis was significantly associated with the
following risk factors: individuals aged 0-17 years (OR:
2.48, 95% CI: 1.55-3.97), infection with S. pneumoniae
(OR: 1.73, 95% CI: 1.17-2.56), P. aeruginosa (OR: 1.99,
95% CI: 1.25-3.17), and influenza B (OR: 1.51, 95% CI:
1.04-2.20), as well as pre-existing lung diseases (OR:
1.71, 95% CI: 1.03-2.85). For those severe cases, fever
(OR: 1.61, 95% CI: 1.21-2.14), cough (OR: 2.05, 95% CI:
1.49-2.82), dyspnea (OR: 1.95, 95% CI: 1.11-3.43), vom-
iting (OR: 2.19, 95% CI: 1.31-3.66) and Nausea (OR: 1.85,
95% CI: 1.06-3.23) were significantly associated with an
increased risk of severe outcomes. However, other symp-
toms like muscle pain (OR: 1.07, 95% CI: 0.77-1.48) and
sore throat (OR: 0.70, 95% CI: 0.54—0.92) did not show
a significant association with severe outcomes. Detection
of S. pneumoniae (OR: 1.54, 95% CI: 1.28-2.15), influenza
A (OR: 4.52, 95% CI: 3.51-5.85), and influenza B (OR:
2.38, 95% CI: 1.81-3.13) significantly associated with
severe outcomes. Patients with pre-existing cardiovas-
cular diseases (OR: 1.96, 95% CI: 1.28-2.99) were more
likely to experience severe outcomes.

The relationships between various respiratory patho-
gens and infection types are shown in Fig. 2 and Addi-
tional file 1 (Table S4). Among viral infections, Influenza
A virus was positively correlated with the detection of
bacterial (»=0.168, P<0.01). Influenza B virus and rhi-
novirus also exhibited positive associations, with corre-
lation coefficients of 0.180 and 0.143, respectively (both
P<0.01). The remaining common viruses (adenovirus,
enterovirus, respiratory syncytial virus, human meta-
pneumovirus, parainfluenza virus, coronavirus, and
bocavirus) showed correlation coefficients ranging from
0.057 to 0.114. Among bacterial infections, S. pneu-
moniae exhibited the most significant positive correla-
tion with viral infections (r=0.448, P<0.01), followed by
H. influenzae (r=0.264, P<0.01). P. aeruginosa, S. aureus,
and K. pneumoniae showed correlation coefficients with
viral infections of P>0.05, which did not reach statistical
significance. In virus-virus pairs, the negative correla-
tion between Influenza A and Influenza B was the most
significant (r = -0.407, P<0.01), indicating that these two
types of influenza viruses are less likely to be co-detected.
Rhinovirus showed low to moderate positive correla-
tions with enterovirus (r=0.149, P<0.01) and adenovirus
(r=0.085, P<0.01). The overall correlation coefficients
between virus-bacteria pairs were generally low (r<0.10).
However, most of the statistically significant correlations
were positive. For example, a significant positive correla-
tion was observed between Influenza B virus and Strep-
tococcus pneumoniae (r=0.053, P<0.05).
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Table 1 Social demographic and clinical information for patients with acute respiratory infections [N (%)]

Basic Information Mild Cases Severe Cases P
Total Number 1245 393

Gender 0.391
Male 609 (48.9) 202 (51.4)

Female 636 (51.1) 191 (48.6)

Age (years) <0.001
0-17 596 (48.4) 164 (42.5)

18-59 469 (38.1) 113(29.3)

>60 167 (13.5) 109 (28.2)

BMI 0.015
Underweight 97 (7.8) 48 (12.2%)

Normal 782 (62.7) 219 (55.7)

Overweight 242 (194) 78(19.8)

Obese 124 (10.0) 48(12.2)

Residential Area <0.001
Urban 1020 (81.9) 280(71.2)

Rural 225(18.1) 113(28.8)

Interval from Onset to Medical Consultation (days) 0.060
0-3 561 (78.1) 178 (75.1)

4-7 76 (10.6) 38(13.9)

>8 81(11.3) 21(9.9)

Complications

No Complications 1063 (84.6) 192 (46.7) <0.001
Bronchitis 106 (13.4) 63(15.3) 0420
Pneumonia 64 (5.1) 115 (30.0) <0.001
Other 24(1.9) 41 (10.0) <0.001
Pre-existing Conditions

No Pre-existing Conditions 555 (69.4) 125 (46.1) <0.001
Lung Diseases 100 (12.6) 56 (20.7) 0.020
Cardiovascular Diseases 66 (8.3) 51(18.9) <0.001
Diabetes 31 (3.9 20(74) 0.030
Tumors 16 (2.0) 8(3.0) 0.440
Other 32(4.0) 114.1) 0.900
Smoking Status 0.490
Non-smoker 551 (44.4) 181 (46.2)

Long-term Smoker 152 (12.2) 57 (14.5)

Occasional Smoker 504 (40.7) 142 (36.2)

Former Smoker 32(26) 12(3.1)

Auxiliary Treatment <0.001
Oxygen 45 (3.6) 38(9.7)

Not Used 1195 (96.4) 354 (90.3)

Course Duration (days) 0.607
0-6 256 (60.2) 84 (64.6)

7-13 159 (37.4) 41 (31.5)

>14 10 (2.4) 5(3.8)

Clinical Outcome 0.349
Cure 555 (45.0) 161 (41.6)

Improvement 676 (54.9) 225 (58.1)

Death 1(0.1) 1(0.3)

Note: Descriptive statistics were utilized to summarize the demographic and clinical characteristics of the patients. Comparisons between severe and mild cases
were performed using chi-square tests, with a P-value of <0.05 considered statistically significant. BMI classification and Smoking Status are based on WHO
standards, and Residential Area is based on actual current residence. BMI=Body Mass Index
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Table 2 Test indicators and pathogen detection rates in mild and severe acute respiratory infections [N (%)]

Test Indicators Total Mild Severe
Influenza A Virus 666 (40.6) 410 (32.9) 256 (65.1)
Influenza B Virus 319(19.4) 202 (16.2) 117 (29.7)
Rhinovirus 74 (4.4) 70 (5.6) 4(1.0)
Adenovirus 13(0.8) 11(0.8) 1(0.2)
Enterovirus 28 (1.7) 26 (2.0) 3(0.7)
Respiratory Syncytial Virus 40 (2.4) 33(26) 6 (1.5)
Human Metapneumovirus 42 (2.5) 37(29) 4(1.0)
Parainfluenza Virus 26 (1.1) 21(1.6) 5(1.2)
Coronavirus 13(0.8) 10(0.8) 4(1.0)
Bordetella Pertussis 4(0.2) 3(0.2) 1(0.2)
Mycoplasma Pneumonia 43 (2.6) 3729 4(1.0)
Bokavirus 8(0.5) 7(0.5) 0
Streptococcus Pneumoniae 249 (14.8) 176 (14.1) 69 (17.5)
Haemophilus Influenzae 309 (18.4) 232 (18.6) 74 (18.8)
Klebsiella Pneumoniae 48 (2.9) 35(28) 1333)
Pseudomonas Aeruginosa 163 (9.7) 104 (8.3) 48 (12.2)
Staphylococcus Aureus 110 (6.5) 88(7.0) 22 (5.5)

Note: This table details the pathogen detection rates in mild and severe cases of acute respiratory infections, including the prevalence of viral and bacterial pathogens

Discussion

This study offers valuable insights into the multifactorial
nature of respiratory infection severity, highlighting the
significant roles of bacterial co-infections, pre-existing
conditions, and clinical symptoms in determining disease
outcomes.

Age emerged as a critical determinant of disease sever-
ity, with patients aged>60 years accounting for 28.2%
of severe cases. This finding aligns with previous stud-
ies demonstrating the increased susceptibility of older
adults to severe respiratory infections due to age-related
immune decline [5, 6]. However, those aged 0-17 years
accounted for a large proportion of mild and severe cases
(48.4% of mild cases, 42.5% of severe cases). While this
group had a lower risk of severe outcomes, the high pro-
portion of both mild and severe cases underscores the
importance of monitoring viral infections in pediatric
patients, as they may still contribute significantly to the
overall disease burden.

Patients with cardiovascular comorbidities had a signif-
icantly higher risk of the development of pneumonia and
severe outcomes, aligning with findings showing they are
more susceptible to poor outcomes in respiratory infec-
tions [7]. The presence of other pre-existing conditions,
including endocrine and metabolic disorders, further
increases the risk of severe disease. Additionally, pre-
existing lung diseases were significantly associated with
an increased risk of severe outcomes such as pneumonia
(OR=2.34, 95% CI: 1.48-3.70) and bronchitis (OR=1.71,
95% CI: 1.03-2.85). Although endocrine diseases
(OR=1.59, 95% CI: 0.87-2.90) and cancer (OR=1.18,
95% CI: 0.48-2.86) showed elevated odds ratios for severe
cases, these associations were not statistically significant,

indicating a need for further research with larger sample
sizes to clarify their impact on disease severity..

The development of pneumonia was significantly asso-
ciated with respiratory syncytial virus, influenza A, and
influenza B infection. Viral infections, particularly influ-
enza A, were significantly associated with severe cases,
corroborating previous studies that underscore the
heightened virulence of influenza A during seasonal epi-
demics and pandemics [8]. Recent studies have further
substantiated the association between respiratory syn-
cytial virus infection and an increased risk of pneumo-
nia. For instance, a study published in the International
Journal of Infectious Diseases identified several risk fac-
tors for respiratory syncytial virus-associated acute lower
respiratory tract infections, emphasizing the significant
burden of respiratory syncytial virus-related pneumonia,
especially among vulnerable populations [9]. Similarly,
research has demonstrated that influenza B virus infec-
tion is linked to a heightened risk of pneumonia in adults,
highlighting the need for vigilant monitoring and man-
agement of patients with influenza B to prevent severe
respiratory complications [10].

In this study, bacterial pathogens such as S. pneu-
moniae and P. aeruginosa were associated with the devel-
opment of bronchitis. Additionally, S. pneumoniae were
identified as risk factor that may contribute to severe
cases, though it is not possible to confirm from this anal-
ysis whether S. pneumoniae was involved in co-infection.
These findings underscore the necessity of early and
accurate detection of both viral and bacterial pathogens,
as well as the implementation of targeted therapeutic
strategies to mitigate the risk of severe outcomes. Nota-
bly, bacterial infections have been identified as a pivotal
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Table 3 Distribution of infections and clinical outcomes in acute respiratory infections by pathogen type and Co-Infection status [N

(%0)]

Indicator Total No Infection Virus Only Bacteria Only Co-Infection
Number 1638 343 (20.9) 635 (38.8) 161 (9.8) 499 (30.5)
Age (Years)

0-17 760 107 (14.1) 253(33.2) 76 (10.0) 326 (42.9)
18-60 582 142 (24.4) 272 (46.7) 54(9.3) 114(19.6)
>60 276 94 (34.1) 106 (384) 31(11.2) 45(16.3)
Gender

Male 811 178 (21.9) 287 (354) 76 (94) 270 (33.3)
Female 827 165 (19.9) 348 (42.1) 85(10.3) 229(27.7)
Severity

Mild 1245 333 (26.8) 423 (33.9) 155 (12.5) 334 (26.8)
Severe 393 10 (2.5) 212(53.9) ( 165 (42.0)
Complications

No Complications 1255 301 (24.0) 470 (37.4) 141(11.2) 343 (27.4)
Bronchitis 169 19(11.2) 56 (33.1) 13(7.7) (4 0)
Pneumonia 179 21 (11.7) 99 (55.3) 6(3.4) 3(29.6)
Other 49 4(8.2) 15(30.6) 2(4.0) (57 1)
Duration (Days)

0-6 770 187 (24.3) 311 (404) 73(9.5) 199 (25.8)
7-13 447 76 (17.0) 182 (40.7) 37(83) 152 (34.0)
>14 63 18 (28.6) 21(33.3) 5(7.9) 19(30.2)
Symptoms

Fever 1217 201 (16.5) 510 (41.9) 93 (7.6) 413 (33.9)
Cough 1267 236 (18.6) 507 (40.0) 119(94) 405 (31.9)
Sputum Production 768 176 (22.9) 312 (40.6) 71(9.2) 209 (27.2)
Headache 462 92(19.9) 208 (45.0) 39 (84) 129 (27.9)
Fatigue 497 90 (18.1) 226 (45.5) 38(7.6) 143 (28.8)
Muscle Pain 258 51(19.7) 134 (51.9) 14 (54) 59(22.9)
Nasal Congestion 320 44 (13.8) 121(37.8) 26 (8.1) 129 (40.3)
Sore Throat 454 80 (17.6) 195 (42.9) 40 (8.8) 139 (30.6)
Sneezing 210 33(15.7) 82 (39.0) 1(0.5) 79 (37.6)
Runny Nose 469 60 (12.8) 178 (38.0) 37(7.9) 194 (41.4)
Shortness of Breath 56 16 (28.6) 21 (37.5) 4(7.0) 5(26.8)
Chest Tightness 71 14(19.7) 21(29.6) 8(11.3) 28(39.4)
Diarrhea 32 11 (344) 11 (344) 2(6.3) 8(25.0)
Nausea 59 13(22.0) 27 (45.8) 3(5.1) 16 (27.1)
Vomiting 71 12(16.9) 22 (31.0) 4(5.6) 33 (46.5)
Clinical Outcome

Cured 716 4(15.9) 315(43.9) 62 (8.6) 225(314)
Improved 901 227 (25.2) 318 (35.3) 92(10.2) 264 (29.3)
Death 2 0(0.0) 1(50.0) 1(50.0) 0(0.0)

Note: This table illustrated the distribution of pathogens and their associated clinical outcomes in patients with acute respiratory infections

factor in worsening the prognosis of viral respiratory dis-
eases, further emphasizing the need for comprehensive
diagnostic and treatment approaches [11, 12].

Moreover, viral-bacterial co-infections were more com-
mon in severe cases, particularly with influenza A and S.
pneumoniae. The positive correlation between Influenza
A virus and bacterial infections, such as S. pneumoniae,
suggests that influenza A may predispose patients to sec-
ondary bacterial infections, worsening their clinical out-
comes. This aligns with previous studies indicating that

viral infections, especially influenza, often facilitate bac-
terial co-infections by compromising the immune sys-
tem, leading to more severe disease manifestations [7].
Interestingly, while influenza B and rhinovirus were also
associated with bacterial co-infections, their correlation
was weaker compared to influenza A, which highlights
the distinct severity profiles of different viral pathogens.
The predictive value of clinical symptoms in assessing
disease severity was also investigated. Symptoms such as
fever, cough, and dyspnea were significantly associated
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A.  Factors Associated with Pneumonia

Variables Odds Ratio (95% C1) Variables
017 years old 1.22/(075.196) 0-17 years old
260 years old 4.03(2.58,629) 260 years old
‘Symptomatic: 589 (0.80, 43.05) Fever

Fever 1,36 (0.92.199) Cough
Cough 299 (1.78, 5.00) Productive Cough
Productive Cough 1,69 (1:22,235) ‘Headache
Headache 093 (065, 1.33) Fatigue
Fatigue 1.25(0.89,175) Musdo Pan

Muscle Pain 098063, 154

Nasal Congestion 109 (073, 161) !

Sore Throat 077(053,1.12) Sore Throat
Sneezing 098 (061, 1.58) Sneezing
Rhinorthea 067 (046,097 Rhinorrhea
Dyspnea 3.80(2.09,691) Dyspnea

Chest Tightness. 159 (0.81,3.10) Chest Tightness

Diarrhea 120 (0.41,348) Diarrhea
Nausea
Vomiting
Seizures

154 (0.74,321) Nausea
1.32 (066, 266) Vomiting
148 (0.32,6.89) Seizures
222(1.36,362) Detected Pathogen Infection
043 (0.16,1.20)
093(028,3.13)
331 (1,60, 6.87)
112(043,292)
155 (0.53,459)
062 (0.08, 4.76)
1.17(0.45,3.05)

Rhinovirus
Enterovius

Respiratory Syncytal Virus
Human Metapneumovirus
Parainfiuenza Virus
Coronavirus

Mycoplasma peumaniae

Enterovirus
Respiratory Syncytial Virus
Human Metapneumovirus
Parainfiuenza Virus

B. Factors Associated with Bronchitis

P T ———
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C. Factors Associated with Severe Case

‘Streptococcus pneumoniae
Haemophilus influenzae

099 (063, 1.53)
078 (051, 1.19)
099 (0.39, 255)

Haemophilus influenzae

Pseudomonas aeruginosa
‘Staphylococcus aureus

072 (040, 1.31)

Jpepiosgived Staphylococcus aureus

T T "I|1I*|'*I1m+ ‘ ”*'+*+~+t
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Fig. 1 Factors Associated with Severe Cases of Acute Respiratory Infections. Note: The association between each factor and the disease severity was
analyzed by multiple logistic regression adjusted for age group, gender, BMI, residential area, illness onset months, and smoking status; aOR=adjusted

Odds Ratio; Cl=Confidence Interval

with severe cases, reaffirming their utility as critical indi-
cators for clinicians in identifying high-risk patients.
Although less frequently observed, symptoms such as
vomiting and nausea were highly indicative of severe dis-
ease, necessitating closer monitoring and timely inter-
vention. Additionally, the presence of multi-symptom
presentations may serve as a valuable tool for identifying
patients at elevated risk of complications, particularly
those with co-infections or underlying chronic health
conditions. These findings highlight the importance of
a comprehensive clinical evaluation to guide early inter-
vention and improve patient outcomes.

This study has several limitations that should be con-
sidered when interpreting the results. First, key patient
characteristics such as vaccination status and lifestyle
factors (e.g., alcohol use and physical activity) were not
included in the analysis, and these factors could poten-
tially influence disease outcomes. For example, vac-
cination status might affect the severity of respiratory
infections, with vaccinated individuals generally experi-
encing milder disease courses. Second, the study relied
on data collected from patients in a specific geographic
area from September 2023 to April 2024. The period
primarily focuses on the autumn and winter months,
which are typically associated with higher rates of respi-
ratory infections. However, this time-frame may not
fully capture the seasonal variation in respiratory infec-
tions, potentially affecting pathogen distribution and
disease severity. Additionally, the study’s geographic
limitation may affect the generalizability of the findings
to other regions with different population characteris-
tics or healthcare systems. Third, we could not confirm
co-infection in some cases, as the study only identified

pathogens based on nucleic acid detection, and bacterial
co-infections were not always verified through culture or
other confirmatory methods. Furthermore, the study did
not verify whether patients had received any medication
prior before seeking treatment. For instance, antibiotic
used before treatment could alter the pathogen pro-
file or obscure certain infections. Lastly, while the study
controlled for several confounding factors, unmeasured
variables, such as socioeconomic status and healthcare
access, may still influence the severity of respiratory
infections and clinical outcomes. Moreover, our study
design allows for the identification of associations but
does not establish causality. Future longitudinal follow-
up studies are warranted to enhance our understanding
of disease dynamics. These limitations highlight the need
for further research that incorporates a broader range of
factors to better understand the complexities of respira-
tory infection severity.

Conclusions

In conclusion, this study underscores the complex inter-
play of factors influencing respiratory infection severity,
including bacterial co-infections, pre-existing conditions,
and clinical symptoms. These findings emphasize the
importance of early detection and targeted treatment
strategies to improve outcomes in high-risk populations.
Key risk factors include the development of pneumo-
nia and bronchitis, co-infection, and pre-existing health
conditions such as cardiovascular disease. Age, clini-
cal symptoms, and viral pathogens (particularly influ-
enza A and B) were significantly associated with severe
outcomes. These findings underscore the importance
of early detection, targeted treatment, and preventative
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Fig. 2 Clinical Symptoms and Severity in Patients with Acute Respiratory
Infections (1 N_,.=100). B: Pathogen Detection cases in Severe and Mild

Infections. A: Pathogen Detection cases in Severe and Mild Acute Respiratory
Acute Respiratory Infections (N,,<100). C: Heat map of Pearson correlation

coefficients for pathogens pair comparison. Abbreviation: RSV =Respiratory Syncytial Virus; HPIV=Human Parainfluenza Virus; CoV = Coronavirus; BoV
= Bocavirus; M. Pneumoniae = Mycoplasma Pneumoniae; B. pertussis = Bordetella PertussisS. pneumoniae = Streptococcus pneumoniae; H. influenzae = Hae-
mophilus influenzae; P. aeruginosa= Pseudomonas aeruginosa; S. aureus = Staphylococcus aureus

strategies to improve outcomes in patients with respira-
tory infections, particularly in high-risk populations such
as older adults and those with chronic diseases.
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