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Abstract

Background Acute respiratory tract infections are very common and can be caused by many pathogens. The aim of
this study was to understand the characteristics of multi-pathogen infections of respiratory tract infections during the
seasonal changes in winter and spring in Xinjiang.

Methods Throat swab samples were collected from 2791 patients with influenza-like illness (ILI) and hospitalized
severe acute respiratory tract infection (SARI) in Xinjiang from January 2024 to May 2024 for multi-pathogen
detection. Then, the infection frequency of pathogens and their distribution characteristics in different months,
genders, regions and case classifications were analyzed.

Results The positive infection rate of pathogens in 2791 patients was 48.30% (1348/2791). The proportion of patients
infected with respiratory pathogens in the 0-9 age group was the highest. Of all pathogens detected, MP was most
common in positive patients (22.03%). The highest frequency of multiple infections was SPn. RSV, FluA and FluB

were the main infectious pathogens in January and February. The number of RV, HPIV and MP infections showed

an increasing trend from January to May. Compared to female patients, male patients are more likely to be infected
with ADV and SPn. Compared with hospitalized SARI patients, outpatient and emergency ILI patients were more
susceptible to infection with ADV and FluB. However, hospitalized SARI patients were more susceptible to infection
with RSV and MP. The positive infected patients mainly came from northern Xinjiang (60.83%). Compared with other
regions, the proportion of ADV positive patients in northern Xinjiang was higher.

Conclusion This study revealed the distribution characteristics of pathogen infection in patients with respiratory
tract infections in different months, genders, regions and case classifications during the seasonal changes of winter
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and spring in Xinjiang for the first time, which is helpful to formulate more effective treatment strategies and

preventive measures.
Clinical trial number not applicable.
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Background

Acute respiratory tract infections are very common and
have high morbidity and mortality rates worldwide [1, 2].
Many pathogens can cause acute respiratory tract infec-
tions. In addition to bacteria, many pathogenic microor-
ganisms are difficult to isolate and culture. These include
some viruses that are usually considered to be the main
cause of the disease, such as respiratory syncytial virus
(RSV), adenovirus (ADV), human parainfluenza virus
(HPIV), severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), influenza A virus (FluA), influenza
B virus (FluB) [3, 4]. The effective treatment of respira-
tory tract infections relies on efficient diagnosis and rapid
provision of appropriate treatment, usually in the form of
antimicrobial therapy [5]. Influenza is an acute respira-
tory disease with high infectivity and global distribution
[6, 7]. Children are the main group infected with influ-
enza [8]. It presents in different clinical forms, from influ-
enza-like illness (ILI) to severe acute respiratory tract
infection (SARI) [9].

The Global Influenza Surveillance and Response Sys-
tem (GISRS, https://www.who.int/initiatives/global-inf
luenza-surveillance-and-response-system),  established
by the World Health Organization (WHO), is a com-
prehensive network comprising National Influenza Cen-
tres (NICs), WHO Collaborating Centres (WHO CCs),
and other key laboratories worldwide [10]. The system
employs a multi-faceted approach to surveillance, includ-
ing virological monitoring, epidemiological tracking, and
clinical surveillance. Data collected by NICs are shared
with WHO CCs for in-depth analysis, and the results
are aggregated and disseminated through platforms like
FluNet and FlulD, which provide real-time global influ-
enza activity updates. Influenza surveillance is carried
out through influenza surveillance sentinel sites, and
respiratory specimens are collected for multi-pathogen
detection. Influenza surveillance is essential to monitor
epidemic trends, guide the selection of strains for vaccine
components, detect the emergence of pandemic poten-
tial viruses, and monitor their impact and spread [11, 12].
Surveillance data can also be used to promote prevention
strategies, and provide information for policy develop-
ment and public health interventions. Moreover, these
surveillance data are also used to describe the burden
of influenza. For low- and middle-income regions, the
quantification of influenza burden is poor [8]. Therefore,
for low- and middle-income regions, effective influenza

surveillance can provide a better understanding of the
impact of the disease to assess its severity and burden.

Xinjiang Uygur Autonomous Region is located in the
northwest inland of China and is a typical underdevel-
oped region [13]. Its area is 1.6649 million square kilo-
meters, accounting for about 1/6 of China’s total land
area. According to the 2023 national economic and social
development statistics bulletin of Xinjiang, the perma-
nent population is 25.98 million. Up to now, no relevant
reports have been found for the surveillance of respira-
tory tract infections in Xinjiang. Therefore, to understand
the characteristics and dynamic changes of multi-patho-
gen infection of respiratory tract infections during the
seasonal changes in winter and spring in Xinjiang, this
study collected 2791 outpatient and emergency ILI and
hospitalized SARI samples in Xinjiang influenza surveil-
lance sentinel hospitals from January 2024 to May 2024
for multiplex polymerase chain reaction (PCR) detection
and statistical analysis.

Methods

Collection of samples

ILI was defined as fever (body temperature >38°C) with
cough or sore throat. SARI diagnosis aligned with the
definition outlined by the WHO [14, 15]. Hospitalization
SARI refers to the occurrence of acute respiratory infec-
tion symptoms requiring overnight hospitalization, along
with a history of fever (measured body temperature > 38
C), accompanied by cough, shortness of breath or dif-
ficulty breathing, and the onset of the disease does not
exceed 10 days. A total of 2791 patients were enrolled
from January 2024 to May 2024. All sample types were
throat swabs. Samples were collected from the Korla
(Bazhou People’s Hospital), Hami City (Hami Central
Hospital), Kashgar Prefecture (The First People’s Hos-
pital), Karamay (Karamay Central Hospital), Urumgqi
(Urumgqi First People’s Hospital (Urumgqi Children’s
Hospital) and Autonomous region People’s Hospital)
and Yining City (Yili Friendship Hospital) in Xinjiang.
Among them, Karamay, Urumgqi and Yining City belong
to northern Xinjiang, Korla and Kashgar Prefecture
belong to southern Xinjiang, and Hami City belong to
eastern Xinjiang. The collected samples were tested for
multi-pathogen, including RSV, ADV, rhinovirus (RV),
HPIV, human metapneumovirus (HMPV), enterovirus
(EV), human bocavirus (HBoV), severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), common human
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coronaviruses (OC43, 229E, HKU1 and NL63), FluA,
FluB, mycoplasma pneumoniae (MP), chlamydia pneu-
moniae (CP) and streptococcus pneumoniae (SPn).

Multi-pathogen detection

Nucleic acid was extracted from throat swab according
to the corresponding requirements and procedures in
the DNA/RNA extraction kit (Chongqing Zhongyuan
Biotechnology Co., LTD. Nucleic acid extraction kit). The
elution volume shall not be less than 50 pL. Then, multi-
pathogen detection was performed using real-time PCR
diagnostic kit rapid detection of multiple pathogens of
national acute respiratory infectious diseases (B version,
TagqMan Probe method, Beijing Applied Biotechnology
Co., LTD). Cycle threshold (Ct) value > 38 or no detection
was considered negative. The amplification curve was
S-shaped, and the Ct value <38 was considered positive.

Statistical analysis

Statistical analysis was performed using R Studio (ver-
sion 4.3.1). P<0.05 was considered statistically signifi-
cant. The number and percentage of cases were used
for statistical description of baseline characteristics. The
pathogens frequency table was made based on the results
of multiplex PCR pathogens detection, and the percent-
age of missing data was not calculated. Subgroup analysis
was performed on gender and collection area, and chi-
square test or Fisher exact probability method was used
to compare the differences between groups.

Table 1 Baseline characterization of positive and negative

samples
Total Negative  Positive
(n=2791) (n=1443) (n=1348)
Gender, n (%)
Female 1415 (50.70) 766 (53.08) 649 (48.15)
Male 1376 (49.30) 677 (46.92) 699 (51.85)
Age, n (%)
0-9 846 (30.31)  322(2231) 524(38.87)
10-19 381 (13.65) 185(12.82) 196 (14.54)
20-29 307 (11.00) 176 (12.20) 131(9.72)
30-39 355(13.06) 187(12.96) 168(1246)
40-49 195 (6.99) 7(811)  78(5.79)
50-59 238 (8.53) 146 (10.12) 92 (6.82)
60-69 202 (7.24) 138 (9.56) 64 (4.75)
70-79 142 (5.09) 89 (6.17) 3(3.93)
>80 125 (4.48) 83 (5.75) ( 2)
Sample collection area, n (%)
Northern Xinjiang 1552 (55.61) 732(50.73) 820 (60.83)
Southern Xinjiang 806 (28.88) 484 (33.54) 322(23.89)
Eastern Xinjiang 433 (15.51) 227 (15.73) 206 (15.28)
Case classification, n (%)
Outpatient and emergency ILI - 1813 (64.96) 866 (60.01) 947 (70.25)
Hospitalized SARI 978 (35.04)  577(39.99) 401 (29.75)

ILI, Influenza-like illness; SARI, severe acute respiratory infection
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Results

Baseline characteristics of study patients

A total of 2791 patients were enrolled in this study. The
patients were divided into positive and negative groups
according to whether the pathogens detection was posi-
tive. There were 1348 patients in the positive group and
1443 patients in the negative group (Table 1). The over-
all positive infection rate was 48.30%. Among the posi-
tive patients, the female infection rate was 48.15%, and
the male infection rate was 51.85%. The proportion of
patients infected with respiratory pathogens in the 0-9
age group was the highest. Moreover, with the increase of
age, the infection rate showed an overall downward trend
(Table 1). The positive infected patients mainly came
from northern Xinjiang (60.83%). Moreover, 70.25% of
the positive patients were outpatient and emergency ILI
cases.

Detection of multi-pathogen among the patients

The results of multiple PCR showed that there were 1193
(88.50%) patients of single pathogen infection and 155
(11.50%) patients of multiple infections among positive
patients. The results of pathogen frequency detected by
multiplex PCR is shown in Table 2. Among all detected
pathogens, MP appeared the most frequently in positive
patients (22.03%). It mainly shows as a single infection.
This was followed by SARS-CoV-2 infection (18.18%),
ADV infection (14.39%) and FluB infection (13.65%).
The highest frequency of multiple infections was SPn,
including 65 patients (48.87%) with double infections
and 13 patients (59.09%) with triple and quadruple infec-
tions (Table 2). This result suggests that SPn was prone
to multiple infections. In addition, multiple infections
in positive patients of all age groups were also analyzed
(Table 3). The result showed that the proportion of posi-
tive, double, triple and quadruple infections was the
highest in children aged 0-9 years.

The monthly distribution of pathogens among posi-
tive patients is shown in Fig. 1. RSV and influenza virus
(FIuA and FluB) were the main infectious pathogens in
January and February. The number of EV, HBoV and CP
infections has been low from January to May. The num-
ber of RV, HPIV and MP infections showed an increasing
trend from January to May. Moreover, MP was the main
infectious pathogen in May. The number of SARS-CoV-2
infections increased significantly in March and April.

Subgroup analysis based on gender, collection area and
case classification of positive patients

The analysis of pathogen infections in gender subgroups
showed significant differences in the distribution of ADV
(P<0.001), SARS-CoV-2 (P=0.023) and SPn (P=0.001)
between females and males (Table 4). Compared to
female patients, male patients were more likely to be
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Table 2 The frequency distribution of the pathogens among positive patients

Pathogens Frequency of occurrence in posi- Single detection (n=1193) Double infection (n=55) Triple and
tive patients (n=1348) quadruple
infection
(n=22)
RSV 82 (6.08) 67 (5.62) 12 (9.02) 3(13.64)
ADV 94 (14.39) 9(13.33) 27 (20.30) 8(36.36)
RV 120 (8.90) 81 (6.79) 29 (21.80) 10 (45.46)
HPIV 58 (4.30) (3 60) 10(7.52) 5(22.73)
HMPV 45 (3.34) 3(2.77) 10(7.52) 2(9.09)
EV 7(0.52) (O 25) 2(1.50) 2(9.09)
HBoV* 2(0.17) 1(0.08) 1(0.75) 0
SARS-CoV-2 245 (18.18) 227 (19.03) 10(7.52) 4(18.18)
Common human coronaviruses 58 (4.30) 32(2.68) 19 (14.29) 7(31.82)
FIuA 101 (7.49) 87 (7.29) 13(9.77) 1 (4.55)
FluB 84 (13.65) 62 (13.58) 19 (14.29) 3(13.64)
MP 297 (22.03) 243 (20.37) 45 (33.83) 9 (40.91)
Cp* 2(0.17) 2(0.17) 0 0
SPn* 131 (11.05) 53 (4.44) 65 (48.87) 13 (59.09)

“*" indicates that HBoV, CP, and SPn were not tested in 162 patients, and data that were not tested will not be counted. As for the missing detection results of HBoV,
CP,and SPn in some patients, this was primarily due to the initial phase of the project, where the procurement of detection reagents required a certain lead time. The
procurement progress in some laboratories was delayed, resulting in incomplete coverage of pathogen detection during the initial stages

Table 3 Distribution of multiple infections in positive patients of

all ages
Age Positive patients Double infection Triple and
(n=1348) (n=133) quadruple

infection
(n=22)

0-9 524 (38.87) 88 (66.17) 14 (63.63)

10-19 196 (14.54) 8(13.53) 6(27.27)

20-29 131(9.72) 2(1.50) 0

30-39 168 (12.46) 6(4.51) 1(4.55)

40-49 78 (5.79) 6(4.51) 0

50-59 92 (6.82) 4(3.01) 0

60-69 64 (4.75) 4(3.01) 1(4.55)

70-79 53(3.93) 3(2.26) 0

>80 42 (3.12) 2(1.50) 0

infected with ADV and SPn. Compared to male patients,
female patients were more likely to be infected with
SARS-CoV-2.

The analysis of pathogen infections in collection
area subgroups showed significant differences in the
distribution of RSV (P<0.001), ADV (P<0.001), RV
(P=0.011), SARS-CoV-2 (P=0.003), FluA (P=0.033),
FluB (P=0.005), CP (P=0.030) and SPn (P=0.003)
among northern Xinjiang, southern Xinjiang and east-
ern Xinjiang (Table 5). Compared with other regions, the
proportion of RSV, RV, FluA and SPn positive patients in
southern Xinjiang were higher. However, the proportion
of SARS-CoV-2, FluB and CP positive patients in eastern
Xinjiang were higher. The proportion of ADV positive
patients in northern Xinjiang was higher.

The analysis of pathogen infections in case classifica-
tion subgroups showed significant differences in the

distribution of RSV (P=0.017), ADV (P<0.001), FluB
(P<0.001) and MP (P=0.005) between outpatient and
emergency ILI and hospitalized SARI (Table 6). Com-
pared with hospitalized SARI patients, outpatient and
emergency ILI patients were more susceptible to infec-
tion with ADV and FluB. Compared with outpatient and
emergency ILI patients, hospitalized SARI patients were
more susceptible to infection with RSV and MP.

Discussion
Monitoring the annual, seasonal and age-based distribu-
tion of respiratory tract infection effects will help deter-
mine geographical differences, detect epidemics, and also
support slowing down the spread of antimicrobial resis-
tance by preventing unnecessary antimicrobial use [16,
17]. In this study, multiplex PCR was performed on the
collected 2791 outpatient and emergency ILI and hospi-
talized SARI samples to detect the multi-pathogen infec-
tions characteristics of respiratory tract infections during
the seasonal changes in winter and spring in Xinjiang.
Multiplex PCR detection showed that 1348 patients had
pathogen infections. The infection rate was 48.30%. Of
the 1348 positive patients, 947 (70.25%) were outpatient
and emergency ILI and 401 (29.75%) were hospitalized
SARI. The proportion of patients infected with respi-
ratory pathogens in the 0-9 age group was the highest,
which implies that children are the main infected popu-
lation. In addition, the positive infected patients mainly
came from northern Xinjiang (60.83%).

MP was the pathogen with the highest frequency
(22.03%) in positive patients. MP is a highly infectious
bacterium and an important cause of respiratory tract



Huang et al. BMC Infectious Diseases (2025) 25:252 Page 5 of 9
120 RSV
mam ADV
RV
100 —
m HPIV
. HVIPV
mm EV
HBoV
SARS-CoV-2
Common human
coronaviruses
m FluA
mm FluB
MP
. CP
B SPn
Jan 2024 Feb 2024 Mar 2024 Apr 2024 May 2024
Fig. 1 Monthly distribution of the detected pathogens among positive patients
Table 4 Analysis of pathogen infection in gender subgroups of positive patients
Pathogens Total (n=1348) Female (n=649) Male (n=699) P
RSV 82 (6.08) 42 (6.47) 40 (5.72) 0.565
ADV 194 (14.39) 67 (10.32) 127 (18.17) <0.001
RV 120 (8.90) 55(847) 65 (9.30) 0.595
HPIV 58 (4.30) 26 (4.01) 32(4.58) 0.605
HMPV 45 (3.34) 21 (3.24) 24 (3.43) 0.840
EV 7(0.52) 4(0.62) 3(043) 0.717
HBoV* 2(0.17) 1(0.17) 1(0.17) >0.999
SARS-CoV-2 245 (18.18) 134 (20.65) 111 (15.88) 0.023
Common human coronaviruses 58 (4.30) 23 (3.54) 35(5.01) 0.186
FIuA 101 (7.49) 50 (7.70) 51(7.30) 0.776
FluB 184 (13.65) 97 (14.95) 87 (12.45) 0.182
MP 297 (22.03) 146 (22.50) 151 (21.60) 0.692
Cp* 2(0.17) 2(0.34) 0(0.00) 0.240
SPn* 131 (11.05) 47 (8.09) 84 (13.88) 0.001

“*"indicates that HBoV, CP, and SPn were not tested in 68 female patients and 94 male patients, and data that were not tested will not be counted

infections in children and adults [18]. MP occurs endem-
ically worldwide in many different climates. There may
be a positive correlation between warmer temperatures
and MP infections, which may help explain the increase
numbers that may occur during warmer months [19, 20].
Herein, the number of MP infections showed an increas-
ing trend from January to May, which again hinted at this
correlation. Previous studies have shown that MP is the
most common pathogen in SARI [21, 22]. In this study,
the analysis of pathogen infections in case classification
subgroups showed hospitalized SARI patients were more
susceptible to infection with MP. Therefore, it is impor-
tant to pay attention to MP infection for hospitalized
SARI patients in Xinjiang.

Influenza virus and human RSV are major threats to
global public health [23]. RSV infection is most likely to
affect the respiratory system. Most of the damage to the
airways is mediated by the immune response, not by viral
replication itself [24]. Generally, about 3 to 7 days after
infection, patients begin to have some common symp-
toms, including fever, runny nose and cough [25]. Gener-
ally, the infection rate of RSV is high in winter and begins
to decline in early spring [26]. A study also showed that
the RSV positive rate of SARI was higher than that of ILI
[27], which was consistent with the results of this study.
Both FluA and FluB can cause respiratory tract infec-
tions in humans and even cause significant morbidity and
mortality [28]. The main viruses commonly diagnosed in



Huang et al. BMC Infectious Diseases (2025) 25:252

Page 6 of 9

Table 5 Analysis of pathogen infection in collection area subgroups of positive patients

Pathogens Total (n=1348) Northern Xinjiang (n=820) Southern Xinjiang (1=332) Eastern Xinjiang (1=206) P

RSV 82 (6.08) 38 (4.63) 35(10.87) 9(4.37) <0.001
ADV 194 (14.39) 155 (18.90) 25(7.76) 14 (6.80) <0.001
RV 120 (8.90) 63 (7.68) 42 (13.04) 15 (7.28) 0.011
HPIV 58 (4.30) 32(3.90) 17 (5.28) 9(4.37) 0.586
HMPV 45 (3.34) 33 (4.02) 5(1.55) 7 (3.40) 0.112
EV 7(0.52) 5(0.61) 2(0.62) 0(0.00) 0.746
HBoV* 2(0.17) 0(0.00) 2(0.62) 0 (0.00) 0.104
SARS-CoV-2 245 (18.18) 137 (16.71) 53 (16.46) 55 (26.70) 0.003
Common human coronaviruses 58 (4.30) 36 (4.39) 13 (4.04) 9 (4.37) 0.964
FIuA 101 (7.49) 50 (6.10) 34 (10.56) 17 (8.25) 0.033
FluB 184 (13.65) 119 (14.51) 28(8.70) 37(17.96) 0.005
MP 297 (22.03) 191 (23.29) 66 (20.50) 40 (19.42) 0.364
Cp* 2(0.17) 0 (0.00) 0(0.00) 2(0.97) 0.030
SPn* 131 (11.05) 72 (10.94) 48 (14.91) 11 (5.34) 0.003

“*"indicates that there are 162 patients in northern Xinjiang who have not tested HBoV, CP, and SPn, and the untested data are not counted

Table 6 Analysis of pathogen infection in case classification subgroups of positive patients

Pathogens Total (n=1348) Outpatient and emergency ILI  Hospitalized SARI (n=401) P
(n=947)

RSV 82(6.08) 48(5.07) 34(8.48) 0.017
ADV 194(14.39) 156(16.47) 38(9.48) <0.001
RV 120(8.90) 83(8.76) 37(9.23) 0.785
HPIV 58(4.30) 39(4.12) 19(4.74) 0.608
HMPV 45(3.34) 33(348) 12(2.99) 0.646
EV 7(0.52) 3(0.32) 4(1.00) 0.206
HBoVv* 2(0.17) 1(0.11) 1(0.25) 0.301
SARS-CoV2 245(18.18) 163(17.21) 82(20.45) 0.159
Common human coronaviruses 58(4.30) 47(4.96) 11(2.74) 0.066
FluA 101(7.49) 75(7.92) 26(6.48) 0.360
FluB 184(13.65) 150(15.84) 34(8.48) <0.001
MP 297(22.03) 189(19.96) 108(26.93) 0.005
Ccp* 2(0.17) 1(0.11) 1(0.25) 0.301
SPn* 131(11.05) 94(9.93) 37(9.23) 0.455

ILI, Influenza-like iliness; SARI, severe acute respiratory infection. “*” indicates that HBoV, CP, and SPn were not tested in 120 outpatient and emergency ILI patients

and 42 hospitalized SARI patients, and data that were not tested will not be counted

association with ILI are FluA, FluB and RSV. Moreover,
FluA and FluB infections peak in winter [29]. Compared
with FluA and FluB, RSV infection or its complications
are associated with higher mortality [29]. Herein, RSV
and influenza virus (FluA and FluB) were the main infec-
tious pathogens in January and February. Therefore,
influenza virus and RSV infections should be the focus of
attention during the cold winter months in Xinjiang, and
effective preventive and therapeutic measures should be
provided.

ADV is a highly infectious pathogen that can cause a
variety of diseases, including respiratory diseases [30].
The ADV is divided into 7 species A-G according to the
classification criteria of the Human Adenovirus Working
Group (http://hadvwg.gmu.edu/). Species B, C and E are
commonly associated with respiratory tract infections
[30]. ADV is also an important pathogen for respiratory

tract infections in children [31]. Some previous studies
have shown that ADV infection does not have gender
preference [32, 33], but other study has shown that ADV
is more likely to infect men. The reason for this oppo-
site result may have something to do with geographi-
cal distribution. In this study, gender subgroup analysis
showed that ADV was more susceptible to infection in
male patients, and the specific reasons for this need to
be further studied. In addition, gender subgroup analysis
showed that SPn was also more susceptible to infection
in male patients. SPn is a Gram-positive bacterial patho-
gen that can colonize the mucosal surfaces of the naso-
pharynx and upper respiratory tract of the host [34]. The
analysis of patients recruited from 9 European countries
showed that the male carrier rate was higher than that of
women [35], which was consistent with the results of this
study. Carrying is usually asymptomatic, however, SPn
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can become invasive, spreading from the upper respira-
tory tract to the lungs, causing pneumonia and spreading
to other organs to causing serious illness [36]. Therefore,
compared with female patients in Xinjiang, male patients
with respiratory infection should pay more attention to
the infection of ADV and SPn.

SARS-CoV-2 emerged in December 2019 and has
caused a pandemic of acute respiratory diseases. The
severity of the disease ranges from asymptomatic infec-
tion to severe disease and death [37, 38]. Higher popula-
tion aggregation is a direct factor affecting SARS-CoV-2,
and weather is an indirect factor. Low temperature
and significant diurnal temperature difference lead to
decreased human immunity and promote SARS-CoV-2
infection [39]. In addition, previous reports have shown
that there are significant gender differences in clinical
outcomes of SARS-CoV-2 infection [40, 41]. This differ-
ence can be influenced by gender behavior, occupation,
and habits [42]. For example, the use of nicotine, large
public gatherings or close contact with outdoor people,
the wearing of masks, personal hygiene and health care.
SARS-CoV-2 causes a long course of disease beyond
acute illness, and the prevalence of this “post-COVID-19
syndrome” and the number of persistent symptoms is
higher in women than in men [40]. Female gender was
a risk factor for reinfection with SARS-CoV-2 [43]. In
this study, gender subgroup analysis showed that SARS-
CoV-2 was more susceptible to infection in female
patients, and the specific reasons for this need to be fur-
ther studied. The gender preference of pathogen infection
suggests that the focus and preventive measures for male
and female patients should be targeted.

In addition to MP, this study also showed that RV and
HPIV showed an increasing trend from January to May.
RV is the leading cause of acute respiratory tract infec-
tions [44]. In temperate climates, RV is present through-
out the year, with peak infections observed in spring and
autumn [45]. HPIV is a single-stranded coated RNA virus
of the paraviruses family that can cause respiratory dis-
ease in children and adults [46]. A retrospective study in
China showed that the positive infection rate of HPIV
in patients with acute lower respiratory tract infections
was higher in spring and summer months [47]. Moreover,
the monthly distribution of pathogens also showed that
the number of SARS-CoV-2 infections increased signifi-
cantly in March and April. MP was the main infectious
pathogen in May. RSV, FluA and FluB were the main
infectious pathogens in January and February. The above
results suggest that during the winter and spring seasonal
changes in Xinjiang, the types of pathogen infections
fluctuate with temperature and season. This discovery is
beneficial for the prevention and management of respira-
tory tract infections in Xinjiang.
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Notably, the analysis of pathogen infections in collec-
tion area subgroups showed differences in the propor-
tion of infections among northern Xinjiang, southern
Xinjiang and eastern Xinjiang. Compared with other
regions, the proportion of RSV, RV, FluA and SPn posi-
tive patients in southern Xinjiang was higher. However,
the proportion of SARS-CoV-2, FluB and CP positive
patients in eastern Xinjiang was higher. CP is an obligate
intracellular pathogen that can cause a variety of acute
and chronic human diseases, including pneumonia and
other respiratory diseases [48]. The proportion of ADV
positive patients in northern Xinjiang was higher. The
results contribute to understanding the regional charac-
teristics of pathogen infection in Xinjiang to help develop
targeted treatment and prevention measures. However,
the reasons for this regional difference are unclear and
worthy of further study.

There are some limitations in this study. Firstly, the
sample size was not sufficient, with only 2791 samples.
Therefore, more samples need to be collected for analy-
sis and statistical verification in the later stage to obtain
more accurate and reliable results. Secondly, the dura-
tion of sample collection is not long enough and the col-
lection year is single. Large-scale sample collections of
longer duration and multiple years allow better assess-
ment of the epidemiological characteristics of pathogen
infections.

Conclusion

This study highlights the complex multi-pathogen land-
scape of respiratory tract infections during the winter-
spring transition in Xinjiang. The high detection rate
(48.30%) of respiratory pathogens underscores the sig-
nificant burden of respiratory tract infections in this
region. The findings reveal distinct epidemiological pat-
terns, with RSV and FluA/FluB dominating in winter
months, while RV, HPIV, and MP infections increased
as spring progressed. Children aged 0-9 years were the
most vulnerable group. Regional disparities were evident,
with northern Xinjiang reporting the highest proportion
of positive cases. Additionally, gender and case classifi-
cation differences were observed. Compared to female
patients, male patients are more likely to be infected
with ADV and SPn. Compared with hospitalized SARI
patients, outpatient and emergency ILI patients were
more susceptible to infection with ADV and FluB. How-
ever, hospitalized SARI patients were more susceptible
to infection with RSV and MP. These insights emphasize
the need for targeted surveillance and preventive strat-
egies tailored to seasonal, demographic, and regional
variations to effectively manage respiratory infections
in Xinjiang. In this study, the multi-pathogen infection
characteristics of respiratory tract infectious diseases
during seasonal changes in winter and spring in Xinjiang
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were revealed for the first time. Moreover, the distribu-
tion characteristics of the pathogens in different months,
genders, regions and case classifications were revealed,
which can facilitate the development of more effective
treatment strategies and preventive measures.

Abbreviations

ILI Influenza-like illness

SARI Severe acute respiratory infection
RSV Respiratory syncytial virus

ADV Adenovirus

HPIV Human parainfluenza virus

FluA influenza A virus

FluB influenza B virus

PCR Polymerase chain reaction
RV Rhinovirus

HMPV Human metapneumovirus
EV Enterovirus

HBoV Human bocavirus
SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
MP Mycoplasma pneumonia
@3 Chlamydia pneumonia
SPn Streptococcus pneumonia
Ct Cycle threshold

Acknowledgements
None.

Author contributions

Conception and design: JH, XMAdministrative support: HWProvision of
study materials or samples: XZ, YC, NA, QLCollection and assembly of data:
HAData analysis and interpretation: JH, XMAIl authors have made important
contributions to data analysis, drafting the article or revising the article.

Funding
None.

Data availability

All data generated or analyzed during this study are included in this published
article. The data generated during and/or analysed during the current study
are available from the corresponding author (Haiyan Wu: 147597960@qg.com)
on reasonable request.

Declarations

Ethics approval and consent to participate

The present study was approved by the Ethics Committee of Xinjiang Center
for Disease Control and Prevention. This study complied with the Declaration
of Helsinki. The informed consent was obtained from the all participants.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Conflict of interest
The authors declare that they have no conflict of interest.

Author details

'Institute of Pathogenic Biological Detection, Xinjiang Center for Disease
Control and Prevention, Urumgji, Xinjiang, China

2Xinjiang Center for Disease Control and Prevention, No. 380, Jianquan 1st
Street, Tianshan District, Urumgi 830002, Xinjiang, China

Received: 10 October 2024 / Accepted: 17 February 2025
Published online: 23 February 2025

Page 8 of 9

References

1.

20.

21.

22.

23.

24.

25.

Huang HS, Tsai CL, Chang J, Hsu TC, Lin S, Lee CC. Multiplex PCR system for
the rapid diagnosis of respiratory virus infection: systematic review and meta-
analysis. Clin Microbiol Infect. 2018;24:1055-63.

Williams BG, Gouws E, Boschi-Pinto C, Bryce J, Dye C. Estimates of world-wide
distribution of child deaths from acute respiratory infections. Lancet Infect
Dis. 2002;2:25-32.

Gao M, Yao X, Mao W, Shen C, Zhang Z, Huang Q et al. Etiological analysis of
virus, mycoplasma pneumoniae and chlamydia pneumoniae in hospitalized
children with acute respiratory infections in Huzhou. 2020;17:119.
Tregoning JS, Schwarze J. Respiratory viral infections in infants: causes, clinical
symptoms, virology, and immunology. Clin Microbiol Rev. 2010;23:74-98.
Chapman R, Jones L, D'Angelo A, Suliman A, Anwar M, Bagby S. Nanopore-
based metagenomic sequencing in respiratory tract infection: a developing
diagnostic platform. Lung. 2023;201:171-9.

luliano AD, Roguski KM, Chang HH, Muscatello DJ, Palekar R, Tempia S, et al.
Estimates of global seasonal influenza-associated respiratory mortality: a
modelling study. Lancet. 2018;391:1285-300.

Paget J, Spreeuwenberg P, Charu V, Taylor RJ, luliano AD, Bresee J, et al.
Global mortality associated with seasonal influenza epidemics: New

burden estimates and predictors from the GLaMOR Project. J Glob Health.
2019;9:020421.

Darmaa O, Burmaa A, Gantsooj B, Darmaa B, Nymadawa P, Sullivan SG, et al.
Influenza epidemiology and burden of disease in Mongolia, 2013-2014 to
2017-2018. Western Pac Surveill Response J. 2021;12:28-37.

Pereira LA, Lapinscki BA, Debur MC, Santos JS, Petterle RR, Nogueira MB, et
al. Standardization of a high-performance RT-qPCR for viral load absolute
quantification of influenza A. J Virol Methods. 2022;301:114439.

Hay AJ, McCauley JW. The WHO global influenza surveillance and response
system (GISRS)-A future perspective. 2018;12:551-7.

Brammer L, Budd A, Cox N. Seasonal and pandemic influenza surveillance
considerations for constructing multicomponent systems. Influenza Other
Respir Viruses. 2009;3:51-8.

Kelly ME, Gharpure R. Etiologies of influenza-like illness and severe acute
respiratory infections in Tanzania, 2017-2019. 2023,3:¢0000906.

Kang L, Xia S. Study on urbanization sustainability of Xinjiang in China:
connotation, indicators and measurement. Int J Environ Res Public Health.
2023;20.

Wang JZ, Yuan D, Yang XH, Sun CH, Hou LL, Zhang Y, et al. Epidemiological
and etiological characteristics of 1266 patients with severe acute respiratory
infection in central China, 2018-2020: a retrospective survey. BMC Infect Dis.
2024;24:426.

Juliana AE, Tang MJ, Kemps L, Noort AC, Hermelijn S, P16tz FB, et al. Viral
causes of severe acute respiratory infection in hospitalized children and
association with outcomes: a two-year prospective surveillance study in
Suriname. PLoS ONE. 2021;16:20247000.

Gulen F, Yildiz B, Cigek C, Demir E, Tanag R. Ten year retrospective evaluation
of the seasonal distribution of agent viruses in childhood respiratory tract
infections. Turk Pediatri Ars. 2014;49:42-6.

Shaw Stewart PD. Seasonality and selective trends in viral acute respiratory
tract infections. Med Hypotheses. 2016;86:104-19.

Waites KB, Xiao L, Liu Y, Balish MF, Atkinson TP. Mycoplasma pneumoniae from
the respiratory tract and Beyond. Clin Microbiol Rev. 2017;30:747-809.
Onozuka D, Hashizume M, Hagihara A. Impact of weather factors on Myco-
plasma pneumoniae pneumonia. Thorax. 2009;64:507-11.

Onozuka D, Chaves LF. Climate variability and nonstationary dynamics of
Mycoplasma pneumoniae pneumonia in Japan. PLoS ONE. 2014,9:€95447.
Li J, Song CL,Wang T, Ye YL, Du JR, Li SH, et al. Etiological and epidemiologi-
cal characteristics of severe acute respiratory infection caused by multiple
viruses and Mycoplasma pneumoniae in adult patients in Jinshan, Shanghai:
a pilot hospital-based surveillance study. PLoS ONE. 2021;16:e0248750.
XuW, Guo L, Dong X, Li X, Zhou P, Ni Q et al. Detection of viruses and Myco-
plasma pneumoniae in hospitalized patients with severe Acute respiratory
infection in Northern China, 2015-2016. Jpn J Infect Dis. 2018;71:134-9.

LiY, Reeves RM, Wang X, Bassat Q, Brooks WA, Cohen C, et al. Global patterns
in monthly activity of influenza virus, respiratory syncytial virus, parainfluenza
virus, and metapneumovirus: a systematic analysis. Lancet Glob Health.
2019;7:21031-45.

Shang Z,Tan S, Ma D. Respiratory syncytial virus: from pathogenesis to poten-
tial therapeutic strategies. Int J Biol Sci. 2021;17:4073-91.

Linder KA, Malani PN. Respiratory Syncytial Virus Jama. 2017;317:98.



Huang et al. BMC Infectious Diseases

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

(2025) 25:252

Staadegaard L, Caini S. Defining the seasonality of respiratory syncytial virus
around the world: National and subnational surveillance data from 12 coun-
tries. 2021;15:732-41.

Huang Y, Hua J,Wang D, Chen L, Zhang J, Zhu H, et al. Risk factors of respira-
tory syncytial virus infection among pediatric influenza-like illness and severe
acute respiratory infections in Suzhou, China. J Med Virol. 2018,90:397-404.
Gao S, Zhang W, Lu C, Cao M, Cen S, Peng Y et al. Identification of a type-
specific promoter element that differentiates between Influenza A and B
viruses. J Virol. 2019,93.

Cohen R, Babushkin F, Geller K, Finn T. Characteristics of hospitalized adult
patients with laboratory documented Influenza A, B and Respiratory
Syncytial Virus - A single center retrospective observational study. PLoS ONE.
2019;14:20214517.

Al-Heeti OM, Cathro HP, Ison MG. Adenovirus infection and transplantation.
Transplantation. 2022;106:920-7.

Bimouhen A, Regragui Z, El Falaki F, Ihazmade H, Benkerroum S, Cherkaoui

I, et al. Viral aetiology of influenza-like ilinesses and severe acute respiratory
illnesses in Morocco, September 2014 to December 2016. J Glob Health.
2022;12:04062.

Niang MN, Diop NS, Fall A, Kiori DE, Sarr FD, Sy S, et al. Respiratory viruses in
patients with influenza-like iliness in Senegal: Focus on human respiratory
adenoviruses. PLoS ONE. 2017;12:¢0174287.

Wang S, Zou X, Fu J, Deng F, Yu H, Fan H et al. Genotypes and phylogenetic
analysis of Human Adenovirus in Hospitalized Pneumonia and Influenza-Like
lliness patients in Jiangsu Province, China (2013-2021). 2024;17:2199-211.
Kadioglu A, Weiser JN, Paton JC, Andrew PW. The role of Streptococcus pneu-
moniae virulence factors in host respiratory colonization and disease. Nat Rev
Microbiol. 2008;6:288-301.

Yahiaoui RY, den Heijer C, van Bijnen EM, Paget W], Pringle M, Goossens H, et
al. Prevalence and antibiotic resistance of commensal Streptococcus pneu-
moniae in nine European countries. Future Microbiol. 2016;11:737-44.
lovino F, Nannapaneni P, Henriques-Normark B. The impact of the ancillary
pilus-1 protein RrgA of Streptococcus pneumoniae on colonization and
disease. 2020;113:650-8.

Flerlage T, Boyd DF, Meliopoulos V. Influenza virus and SARS-CoV-2: patho-
genesis and host responses in the respiratory tract. 2021;19:425-41.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 9 of 9

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from
patients with Pneumonia in China, 2019. N Engl J Med. 2020;382:727-33.

Yu Z,Wang J, Tan Z, Luo Y. Impact of climate change on SARS-CoV-2 epidemic
in China. PLoS ONE. 2023;18:€0285179.

Lott N, Gebhard CE, Bengs S, Haider A. Sex hormones in SARS-CoV-2 suscepti-
bility: key players or confounders? 2023;19:217-31.

Green MS, Nitzan D, Schwartz N, Niv Y, Peer V. Sex differences in the case-
fatality rates for COVID-19-A comparison of the age-related differences and
consistency over seven countries. PLoS ONE. 2021;16:20250523.

Wolfe J, Safdar B, Madsen TE, Sethuraman KN, Becker B, Greenberg MR et al.
Sex- or gender-specific differences in the clinical presentation, outcome, and
treatment of SARS-CoV-2. Clin Ther. 2021;43:557-71.e1.

YuW, GuoY, HuT, Liu Y, Fan Q Guo L, et al. Incidence and severity of
SARS-CoV-2 reinfection, a multicenter cohort study in Shanghai. China.
2023;95:€28997.

Ljubin-Sternak S, Mestrovi¢ T. Rhinovirus-A true respiratory threat or a com-
mon inconvenience of Childhood? 2023;15.

Marcelo RZ, Lustik MB, Jones MU. Seasonality and climatic factors Associated
with Human Rhinovirus/Enterovirus nasopharyngeal sample positivity on
Oahu, Hawai'i, 2016-2019. Mil Med. 2024;189:e34-9.

Branche AR, Falsey AR. Parainfluenza Virus infection. Semin Respir Crit Care
Med. 2016;37:538-54.

Xu B,Wang J, Li Z Xu C, Liao Y, Hu M, et al. Seasonal association between viral
causes of hospitalised acute lower respiratory infections and meteorological
factors in China: a retrospective study. Lancet Planet Health. 2021;5:154-63.
Villegas E, Sorlézano A, Gutiérrez J. Serological diagnosis of Chlamydia
pneumoniae infection: limitations and perspectives. J Med Microbiol.
2010;59:1267-74.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Retrospective study on the epidemiological characteristics of multi-pathogen infections of hospitalized severe acute respiratory tract infection and influenza-like illness in Xinjiang from January to May 2024
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Collection of samples
	﻿Multi-pathogen detection
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics of study patients
	﻿Detection of multi-pathogen among the patients
	﻿Subgroup analysis based on gender, collection area and case classification of positive patients

	﻿Discussion
	﻿Conclusion
	﻿References


