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Abstract

Objective: Acute respiratory infections are a major global public health concern. However,
there are few epidemiological studies investigating pathogens associated with respiratory tract
infections in Guizhou Province, China.

Methods: We collected 17,850 blood samples from Guizhou Provincial People’s Hospital
between November 2018 and May 2023 to investigate the epidemiological characteristics of
respiratory pathogens and their spread during the SARS-CoV-2 epidemic in Guizhou Province.
Results: We identified influenza virus and Mycoplasma pneumoniae as the predominant pathogens
involved in acute respiratory infections in the study area. Immunoglobulin M positivity for respi-
ratory syncytial virus, influenza virus, and M. pneumoniae showed a strong correlation with the
clinical diagnosis of pneumonia. Seasonal epidemic patterns were observed for influenza A and B
viruses. Following the SARS-CoV-2 outbreak, there was a significant decrease in the positive rates
for most respiratory pathogens, particularly influenza A and B, Legionella pneumophila, and respi-
ratory syncytial virus.

Conclusion: This retrospective study contributes to the epidemiological evidence regarding
respiratory pathogens in Guizhou Province, thereby enhancing the surveillance network for
respiratory pathogens in China and providing valuable guidance for local hospitals.
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Introduction

Acute respiratory infections (ARIs) pose a
serious global public health challenge, given
their substantial impact on morbidity and
mortality. The World Health Organization
ranks ARIs as the fourth leading cause of
death worldwide, with nearly 3 million
deaths recorded in 2016. These infections
particularly affect vulnerable populations,
such as children and older adults.'”
Depending on the site of infection, ARIs
can be classified as acute upper respiratory
infections (AURIs) and acute lower respira-
tory infections (ALRIs). AURIs, often
referred to as the common cold, encompass
various conditions such as rhinitis, laryngi-
tis, and tonsillitis. These infections typically
present with mild symptoms and are pri-
marily self-limited diseases.*> The clinical
symptoms and morbidities associated with
ALRIs, such as pneumonia, are more severe
than those of AURIs. ALRIs have become
the leading cause of hospital admission and
in-hospital mortality among children in
low- and middle-income developing coun-
tries.”® China has a high incidence of pneu-
monia that causes more than 30,000 deaths
annually among children aged under
5 years.” A variety of pathogens can lead
to ARISs, such as influenza virus, adenovirus
(AdV), respiratory syncytial virus (RSV),
echovirus (ECHO), Legionella pneumophila
(LP), and  Mycoplasma  pneumoniae
(MP)."#? Of particular concern is the emer-
gence of SARS-CoV-2 toward the end of
2019, characterized by its high transmissi-
bility, pathogenicity, and fatality rate. This
outbreak has posed a serious threat to both
the global economy and health security,

prompting increased attention to respiratory
infectious diseases. In several studies,'®'?
polymerase chain reaction has been used to
investigate the epidemiological characteris-
tics of respiratory pathogens in various
countries. Li et al.' conducted a large-scale
investigation of the pathogenic and epidemi-
ological characteristics of ARIs in China
prior to the SARS-CoV-2 epidemic (2009—
2019). The authors found that influenza
virus and RSV were common in patients
with pneumonia, and RSV was the main
pathogen causing ARIs and pneumonia in
children. Additionally, Streptococcus pneu-
moniae and MP had the highest positive
detection rates among non-viral pathogens.'
To understand the etiological characteristics
of ARIs in China, epidemiological investiga-
tions have been carried out among children,
adults, and older adults in several Chinese
cities, such as Beijing,"} Guangzhou,'* and
Shanghai.'> However, epidemiological studies
are lacking on respiratory infection-related
pathogens in Guizhou Province, China.
Therefore, in this retrospective study, we sys-
tematically investigated the etiology of infec-
tion and the epidemic characteristics of
respiratory infectious disease pathogens in
Guizhou Province before and after the
SARS-CoV-2 outbreak. Our findings will be
of particular importance in enhancing
China’s respiratory pathogen surveillance
network and providing valuable guidance
for local hospitals in treatment protocols.

Methods
Eligibility criteria

This study was conducted at Guizhou
Provincial People’s Hospital, one of the
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largest tertiary hospitals in Guizhou
Province. Samples were collected between
November 2018 and May 2023 for inclusion
in the analysis. All patient details were de-
identified for the included samples. All sam-
ples underwent immunoglobulin M (IgM)
detection for antibodies against the follow-
ing eight viruses: RSV, AdV, influenza A
virus (IAV), influenza B virus (IBV), para-
influenza virus (PIV), coxsackievirus A
(CVA), coxsackievirus B (CVB), ECHO,
as well as LP, MP, and Chlamydia pneumo-
niae (CP). The presence of one or more
pathogens with positive IgM results was
used to classify cases as either past infection
or current infection. According to this classi-
fication, we conducted analysis of the positive
rate, age distribution, seasonal characteristics
of infection, and co-infection patterns among
the various pathogens. The reporting of this
study conforms to the Strengthening the
Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.'®

Processing and laboratory testing of blood
samples

A total of 3 to SmL of venous blood was
extracted using vacuum blood collection
tubes containing ethylenediaminetetraacetic
acid (EDTA) anticoagulant. Each sample
was slowly and gently mixed five times
and centrifuged at 1174 x g for 5 minutes
to separate the plasma. The Respiratory
tract Profile 1 (IgM) Mosaic indirect immu-
nofluorescence test (FI 2821-1002-16M;
EUROIMMUN, Germany) was used to
detect RSV, AdV, IAV, IBV, PIV, CVA,
CVB, ECHO, LP, MP, and CP IgM. The
plasma to be tested was first diluted with a
sample dilution (containing IgG and IgA
sorbents) at 1:10 and centrifuged at room
temperature for 15 minutes or at 575 x g for
5 minutes. The supernatant was then aspi-
rated, followed by dilution with phosphate-
buffered saline with Tween-20 (PBST) to
1:100. A 25-uL sample at an appropriate

dilution ratio was taken and incubated
dropwise for 30 minutes on a matrix sheet
coated with the corresponding pathogen.
This was followed by washing three times
with PBST, with careful removal of excess
PBST solution. Subsequently, 25upL of
fluorescein isothiocyanate (FITC)-labeled
secondary antibody was added, and the
mixture was incubated at room temperature
for 30 minutes. After another round of
washing three times with PBST, the
matrix sheet was sealed with glycerol con-
taining anti-fluorescence quenching agent.
The fluorescence of the various pathogens
was observed under a fluorescence micro-
scope. For LP and MP, the plasma dilution
ratio used was 1:100, and for other patho-
gens, the plasma dilution ratio was 1:10.
Figure 1 illustrates the coating locations
of the various pathogen biological matrix
sheets.

Data management and analysis

The Department of Clinical Laboratory at
Guizhou Provincial People’s Hospital
received ISO15189 qualification accredita-
tion (CNAS MTO0333) in February 2018.
All the staff involved in specimen testing
were well-trained, with a high level of pro-
fessional knowledge, and all procedures
adhered to unified standards for test result
interpretation. The experimental results
were entered into the hospital reporting
system according to classification of the
detected pathogens. Patients with missing
data for clinical diagnosis and personal
information were eliminated during the
follow-up.

In this study, a total of six age groups
were set, as follows: infants (age 0-1 year),
toddlers (age >1-3 years), preschool chil-
dren (age >3-7 years), adolescents (age
>7-18 years), adults (age >18-60 years),
and older adults (age >60 years). This
study was reviewed and approved by the
Ethics Committee of Guizhou Provincial
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Figure |. Region A was coated with V, [, 2, 3, and 4 biological substrate sheets, which were quality control,
respiratory syncytial virus, adenovirus, influenza A virus, and influenza B virus, respectively. Region B was
coated with 5 biological substrate sheet containing parainfluenza virus. Region C was coated with 7, 8, 9, and
10 biological substrate sheets, which were Chlamydia pneumoniae, coxsackievirus B, coxsackievirus A, and
echovirus respectively. Region D was coated with 6 and | | biological substrate sheets, which were
Mycoplasma pneumoniae and Legionella pneumophila, respectively.

People’s Hospital. This was a retrospective
study so the requirement for informed con-
sent was waived.

Results

Participants’ characteristics

In this study, 17,850 samples were collected
from November 2018 to May 2023 and
tested for IgM antibodies against 11 respi-
ratory pathogens. Among these samples,
9977 (55.89%) were positive for one or
more pathogens (Figure 2a). Notably,
there was a rapid increase in the number
of patient samples collected during
January and February 2020, coinciding
with the outbreak of SARS-CoV-2 in
December 2019 (Figure 2a). Subsequently,
in January 2023, there was another peak in
sample volume owing to adjustments in
China’s epidemic response, followed by a
period OF stabilization (Figure 2a). Prior
to the SARS-CoV-2 outbreak (i.e., before
December 2019), the lowest number of
specimens testing positive for respiratory
pathogens was observed in August 2019,
with a total of 187 cases and 74 viral
positive cases (positive rate of 39.57%)
(Figure 2a). After the outbreak of

SARS-CoV-2 (from January 2020 to May
2023), the fewest positive specimens was in
February 2023, with 290 cases and 34 pos-
itive cases (positive rate of approximately
11.72%) (Figure 2a).

From November 2018 to December
2019, co-infection with different viruses
was commonly observed (Figure 2b), par-
ticularly co-infections involving TAV and
IBV. However, during the period from
January 2020 to December 2021, there
was an increase in the proportion of co-
infections between viruses and other patho-
gens (Figure 2b), particularly IAV/IBV-MP
co-infection. From January 2022 to May
2023, the largest proportion of co-
infections  involved  different  viruses
(Figure 2b), with TAV-IBV co-infection
being particularly common. Regarding age
groups, from November 2018 to December
2019, the age groups 0 to 7 years and >18 to
60 years had the highest positive rates
(Figure 2¢). However, from January 2020
to May 2023, there was a gradual increase
in the positive rate among individuals over
age 60 years (Figure 2¢). Among the 17,850
specimens, the highest positive rates were
found for IBV (3363 cases), IAV (2825
cases), and MP (1999 cases), accounting for
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Figure 2. Characteristics of 17,850 blood samples included in this retrospectively analysis. (a) Total number
of specimens tested and number of positive samples from November 2018 to May 2023. (b) Proportion of
different co-infections at different time points from November 2018 to May 2023. (c) Age distribution of
positive cases from November 2018 to May 2023. (d) Number of samples positive for || pathogens.

(e) Number of samples positive for influenza B virus, influenza A virus, and Mycoplasma pneumoniae in the
respiratory and pediatric departments and (f) schematic diagram of follow-up research.

18.84%, 15.83%, and 11.20%, respectively
(Figure 2d). These pathogens were most
commonly detected in the Respiratory
Department, accounting for 38.00% (1277/
3363), 46.23% (1306/2825), and 34.02%
(680/1999) of total cases, respectively
(Figure 2e). IBV, IAV, and MP were also
common in the Pediatrics Department,
accounting for 14.18% (477/3363), 12.39%
(350/2825), and 23.86% (477/1999) of
cases, respectively (Figure 2e). We subse-
quently conducted a more in-depth analysis
of positive samples, the details of which are
depicted in Figure 2f.

Viral positivity rates and pathogen spectra

Using indirect immunofluorescence, we
detected IgM antibodies against RSV,
AdV, 1AV, IBV, PIV, CVA, CVB, and
ECHO (Figure 3a). Among the 7460 sam-
ples that were IgM-positive for viral

infection, the most common pathogens
were IBV (3363 cases), IAV (2825 cases),
and PIV (771 cases), accounting for
45.08%, 37.87%, and 10.34% of cases,
respectively (Figure 3b). The most infre-
quently detected pathogens were CVB (14
cases), CVA (5 cases), and ECHO (1 case),
accounting for 0.19%, 0.067%, and 0.013%
of cases, respectively (Figure 3b). We per-
formed seasonal epidemic trend analysis for
IBV (Figure 3c), IAV (Figure 3d), PIV (Figure
3e), AdV (Figure 3f), and RSV (Figure 3g).
Prior to December 2019, the positive rate of
IBV increased from January to May and
decreased from June to October (Figure
3c). However, the positive rate of IAV was
higher in February and April. With imple-
mentation of prevention and control meas-
ures after the outbreak of SARS-CoV-2, the
positive detection rate of IAV decreased sig-
nificantly after May 2020 (Figure 3d). PIV,
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Figure 3. Viral positivity rates and pathogen spectra. (a) IgM-positive indirect immunofluorescence maps
for respiratory syncytial virus, adenovirus, influenza A virus, influenza B virus, parainfluenza virus, cox-
sackievirus A, coxsackievirus B, and echovirus. (b) Viral positivity rates for influenza B virus, influenza A
virus, parainfluenza virus, adenovirus, respiratory syncytial virus, coxsackievirus A, coxsackievirus B and
echovirus. (c—g) Monthly positive rate of influenza B virus (c), influenza A virus (d), parainfluenza virus (e),
adenovirus (f), and respiratory syncytial virus (g) from November 2018 to May 2023. (h) Comparison of
positive rates for influenza B virus, influenza A virus, parainfluenza virus, adenovirus, and respiratory syn-
cytial virus before (November 2018 to December 2019) and after (January 2020 to May 2023) the outbreak
of SARS-CoV-2 and (i) comparison of monthly positive rates of influenza A virus and influenza B virus from
November 2018 to May 2023.
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AdV, and RSV did not exhibit significant
seasonal epidemiological characteristics
(Figure 3e-3g). When comparing positive
rates of the five viruses (IAV, IAB, AdV,
RSV and PIV) before and after the out-
break of SARS-CoV-2, we observed that
the positive rate of IBV, IAV, and RSV
decreased significantly; however, the posi-
tive rate of PIV decreased slightly and the
positive rate of AdV increased. We noted
an interesting phenomenon in that before
December 2019, the positive rates of IAV
and IBV were equal. However, from
January to May 2020, the positive rate of
TIAV was significantly higher than that of
IBV. From June 2020 to May 2023, the pos-
itive rate of IBV was significantly higher
than that of TAV, reaching approximately
four times the IAV positivity rate (e.g., in
September 2022, the IAV positive rate was
7.28% and that of IBV was 28.48%)
(Figure 3i)

Positive rates and pathogen spectra of
bacterial, mycoplasma, and chlamydia
infections

Using indirect immunofluorescence, we
detected IgM antibodies against LP, MP,
and CP (Figure 4a). Among the 2517 cases
with IgM-positive results, LP accounted for
approximately 15.85% (399 cases), MP
accounted for 79.42% (1999 cases), and CP
accounted for 4.73% (119 cases) of the total
(Figure 4b). Seasonal epidemiological trends
were analyzed for LP (Figure 4c), MP
(Figure 4d), and CP (Figure 4e). No clear
seasonal characteristics were observed for
the infection patterns of LP, MP, and CP
(Figure 4c—4e). A comparison of the positive
rates for these three pathogens before and
after the outbreak of SARS-CoV-2 revealed
that the positive rate of LP decreased signif-
icantly, the positive rate of CP did not
change significantly, and the positive rate
of MP increased slightly (Figure 4f).

Patterns of the age-specific viral positivity
rate and diagnosis pneumonia

During the SARS-CoV-2 outbreak, there
was a significant decrease in the positive
rate of RSV (Figures 3h and 5a) and a nota-
ble shift in age-specific RSV positivity,
shifting from the age group 0 to 1 year
old to the group over 60 years old
(Figure 5a). The positive rates of IAV and
IBV also decreased significantly after
December 2020 (Figure 5b and 5¢), accom-
panied by an increase in the proportion of
positive cases in the age group over 60 years
old (Figure 5b and 5c¢). Similarly, the posi-
tive rate of PIV exhibited a significant
decrease after December 2020 (Figure 5d),
with a higher proportion of positive cases in
the age group over 18 years (Figure 5d).
Notably, although the positivity rates of
AdV  decreased = significantly  after
December 2020 (Figure 5e), these rates
remained higher than pre-pandemic levels
(i.e., before December 2019) (Figures 3h
and 5e), with a higher proportion of posi-
tive cases in the age group over 18 years
(Figure 5e). We conducted correlation stud-
ies to examine the association between pos-
itive cases and a clinical diagnosis of
pneumonia for RSV, IBV, IAV, PIV, and
AdV (Table 1). The strongest correlation
was identified for RSV, accounting for
approximately 43.75% of cases, followed
by IBV, 1AV, PIV, and AdV .

Age-specific positivity rates of bacterial,
mycoplasma, and chlamydia infections
and association with pneumonia diagnosis

During the SARS-CoV-2 outbreak, there
was a significant decrease in the positive
rate of LP after December 2020 (Figure
6a). Furthermore, there were notable shifts
in age-specific positivity, with a gradual
decrease among individuals under 18 years
old and an increase among those aged 18 to
60 years and over 60 years old (Figure 6a).
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Figure 4. Positive rates and pathogen spectra for bacterial, mycoplasma, and chlamydia infections.

(a) IgM-positive indirect immunofluorescence maps for Legionella pneumophila, Mycoplasma pneumoniae and
Chlamydia pneumoniae. (b) Positive rate for L. pneumophila, M. pneumoniae, and C. pneumoniae. (c—e) Monthly
positive rate of L. pneumophila (c), M. pneumoniae (d), and C. pneumoniae (e) from November 2018 to May
2023 and (f) comparison of positive rates for L. pneumophila, M. pneumoniae, and C. pneumoniae before
(November 2018 to December 2019) and after (January 2020 to May 2023) the outbreak of SARS-CoV-2.

Similarly, the positive rate of MP decreased sig-
nificantly after December 2020 (Figure 6b).
Over time, there was a gradual decrease in
the proportion of positive cases in the age
group 0 to 1 year old whereas the positive
rate gradually increased among individuals
over 60 years of age (Figure 6b).
Additionally, the positive rate of CP

decreased significantly after December
2020 (Figure 6¢) and exhibited an increase
in 2023 (Figure 6¢), with no clear change in
the age distribution (Figure 6¢). We further
examined the association between cases that
were IgM-positive for LP, MP, and CP
and the clinical diagnosis of pneumonia
(Table 2). The strongest association with a
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Table I. Association of clinical diagnosis of pneumonia with IgM positivity for respiratory syncytial virus
(RSV), influenza A virus (IAV), influenza B virus (IBV), parainfluenza virus (PIV), and adenovirus (AdV),

2018-2023.
Nov-Dec Jan—Dec Jan—Dec Jan—-Dec Jan—Dec Jan—May Nov 2018-May
2018 2019 2020 2021 2022 2023 2023

Pos Pne Pos Pne Pos Pne Pos

Pne Pos Pne Pos Pne Pos Pne

RSV 14 13 24 10 25 10 21 4 8 3 4 2 96 42 (43.75%)
AV 92 27 770 182 1315 80 247 38 218 42 183 21 2825 390 (13.81%)
IBV 10l 33 10l 190 789 84 164 68 496 87 511 45 3363 507 (15.08%)
PIV 23 8 143 36 397 28 99 l6 58 I 51 4 771 103 (13.36%)
AdV 6 2 26 5 193 23 75 0 4 Il 43 4 385 45 (11.69%)
IgM, immunoglobulin M; Pos, number of positive cases; Pne, number of pneumonia cases.

Values in the table are n or n (%).

pneumonia diagnosis was identified for  approximately 18.84%, 15.83%, and

MP, accounting for approximately 17.56%
of cases, followed by LP and CP.

Discussion

In this study, we examined 17,850 samples
collected between November 2018 and May
2023 to detect IgM antibodies for 11 respi-
ratory pathogens, namely, RSV, AdV, IAV,
IBV, PIV, CVA, CVB, ECHO, MP, CP,
and LP. Although previous studies have
analyzed the prevalence and genotype of
RSV in Guizhou Province,!” there are few
epidemiological investigations of other respi-
ratory pathogens in this region. Therefore, we
aimed to help improve understanding of the
transmission characteristics of multiple respi-
ratory pathogens in Guizhou Province and
their impact on the epidemic dynamics
before and after the outbreak of SARS-
CoV-2. Our findings can help enhance knowl-
edge regarding the epidemic characteristics
and etiology of respiratory infectious diseases
in Guizhou Province and provide insights
into the influence of epidemic prevention
and control measures on the spread of respi-
ratory pathogens.

Among samples that were IgM-positive
against the 11 respiratory pathogens, the
most common were for IBV, TAV, and
MP  (Figure 2d), accounting for

11.20% of cases, respectively. Influenza
viruses accounted for the most positive
results. Among the remaining pathogens,
MP had the highest proportion of positive
results, followed by LP and CP (Figure 2d),
which is consistent with a report by Li
et al.' The positive rate for IBV was
higher among adults (>18 years of age).
Prior to the outbreak of SARS-CoV-2
(before December 2019), MP infections
were observed across all age groups; how-
ever, the positive rate decreased in the age
group 0 to 1 year old after January 2020
(Figure 6b). Additionally, before
December 2019, RSV infections were more
common in children aged 0 to 3 years
(Figure 5a), which is in line with previous
studies."*”!'” However, there was a signifi-
cant increase in the RSV positivity rates
among adults over 18 years of age after
the outbreak of SARS-CoV-2 (i.e., after
January 2020) (Figure 5a). This finding
may be associated with reduced exposure
risks owing to restricted mobility during
the pandemic, during which time children
tended to have limited opportunities to
engage in outdoor activities. RSV infection
among adults and older adults (>60 years)
is a matter of particular concern. Following
the outbreak of SARS-CoV-2 (i.e., after
December 2019), the positive rates of most



Fu et al.

(a) Legionella pneumophila
40+
30 Legionella pneumophila
‘é 2023.1-2023.5
2 20 2022.1.2022.12
g E 2021.1-2021.12
10_ 2020.1-2020.12
2019.1-2019.12:
n 2018.11-2018.12
U ¥ a2 U LI T
by L by N N o
Fiadis. ’ . .
Q& .éﬁ -é¢ Ql'ﬂ' ﬂ? Percent
SISO AR
& N
PO G A
Date
(b) Mycoplasma pneumoniae
60+
Mycoplasma pneumoniae
t 404 2023.1-2023.5
§ 2022.1-2022.12
3 20 = 2021.1-2021.12
5 2020.1-2020.12
2019.1-2019.12
0 r r . Y r . 2018.11-2018.12
S o ¥ a2 : s
R T e
P 951“ F rﬂ:'& & arcen
GO 9 o
PR I
Date
(© Chlamydia pneumoniae
40+
30 Chlamydia pneumoniae
t 2023.1-2023.5
§ 204 2022.1-2022.12
g ] 2021.1-2021.12
10+ S 20201202012
2015.1-2019.12
0 4 r - ¥ r . 2018.11-2018.12
& W ¥ a2 & ° N
A AN 4 T e O F
o g,_\n? P 'a}:» o ercen
S s 41 S
U R
Date

El age more than 60 years old
BN 18-60 years old (included)
Bl 7-18 years ol (included)
R 3-7 years old (included)
BB 1-3 years old (included)
I 0-1 years old (included)

Wl age more than 60 years old
W 18-60 years old (included)
Wl 7-18 years old (included)
B 3-7 years old (included)
B 1-3 years old (included)
Bl 0-1 years old (included)

El age more than 60 years old
B 18-60 years old (included)
Wl 7-18 years old (included)
I 3-7 years old (included)
B 1-3 years old (included)
W 0-1 years old (included)

Figure 6. Age-specific positive rates of bacterial, mycoplasma, and chlamydia infections and diagnostic
association with pneumonia. (a—c) Positive rates of Legionella pneumophila, Mycoplasma pneumoniae, and
Chlamydia pneumoniae at different times from November 2018 to May 2023 (left) and age-specific positive

cases (right).

respiratory pathogens decreased significant-
ly owing to reduced population movement
and improved personal protection meas-
ures. This was particularly evident for

IBV, TAV, LP, and RSV (Figures 3h and
4f). PIV showed a slight decrease in the pos-
itivity rate (Figure 3h), and CP demonstrat-
ed no significant change (Figure 4f).
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Table 2. Association of with clinical diagnosis of pneumonia with IgM positivity for Legionella pneumophila
(LP), Mycoplasma pneumoniae (MP), and Chlamydia pneumoniae (CP), 2018-2023.

Nov-Dec Jan—-Dec Jan—-Dec Jan—-Dec Jan—-Dec Jan—-May Nov 2018-May

2018 2019 2020 2021 2022 2023 2023

Pos Pne Pos Pne Pos Pne Pos Pne Pos Pne Pos Pne Pos Pne
LP 18 3 114 19 142 16 56 44 8 25 4 399 55 (13.78%)
MP 76 43 297 115 1005 102 314 4I 221 42 86 8 1999 351 (17.56%)
CP 2 0 22 2 37 3 23 14 2 21 4 119 13 (10.92%)

IgM, immunoglobulin M; Pos, number of positive cases; Pne, number of pneumonia cases.

Values in the table are n or n (%).

Notably, the positive detection rates of
AdV and CP showed a slight increase
(Figures 3h and 4f). Correlation analysis
revealed strong associations of a clinical
diagnosis of pneumonia with pathogen pos-
itivity for RSV, IBV, IAV, and MP (Tables 1
and 2). Additionally, seasonal trend analysis
of LP (Figure 4c), MP (Figure 4d), and CP
(Figure 4e) showed no distinct seasonal epi-
demiological characteristics, which is consis-
tent with previous studies.’

Two noteworthy findings emerged from
our study. (1) From November 2018 to
December 2019, virus—virus co-infections
were common, particularly IAV-IBV co-
infections (Figure 2b). However, from
January 2020 to December 2021, the propor-
tion of co-infections involving viruses and
other pathogens increased (Figure 2b),
especially TAV/IBV-MP  co-infections.
Subsequently, from January 2022 to May
2023, there was a resurgence of virus—virus
co-infections, primarily IAV-IBV co-
infections (Figure 2b). We speculate that
this phenomenon may be related to the high
positive rate of MP observed from January
2020 to December 2021 (Figure 6b), which
significantly increased the proportion of
IAV/IBV-MP co-infections. (2) The positive
rates of IAV and IBV remained relatively
stable until December 2019 (Figure 3i).
However, from January 2020 to May 2020,
the positive rate of IAV greatly surpassed
that of IBV (Figure 3i), consistent with

previous studies."'® From June 2020 to
May 2023, the positive rate of IBV exceeded
that of TAV by approximately four-fold
(Figure 3i), reaching its peak in September
2022 (IAV positive rate: 7.28% and IBV pos-
itive rate: 28.48%). The underlying biological
characteristics contributing to this distinct
epidemic pattern warrant further exploration.

Herein, we report important findings of
our comprehensive analysis regarding the
etiology of ARIs in Guizhou Province
from November 2018 to May 2023.
However, there are certain study limitations
that should be acknowledged. First, among
the 17,850 specimens tested, only 9977
(55.89%) were positive for IgM antibodies,
leaving a portion of specimens from
patients with respiratory symptoms but
with negative IgM results, for which the
underlying etiology remains unexplained.
IgM detection is used instead of nucleic
acid testing to avoid false negatives, and
the use of IgG detection for epidemiological
profiling may lead to higher positive detec-
tion rates owing to the longer duration of
IgG antibodies. Therefore, IgM detection is
widely used in the investigation of the epi-
demic characteristics of various patho-
gens.'®1? Despite these limitations, our
analysis of the transmission characteristics
of respiratory pathogens contributes to
improving understanding of the predomi-
nant transmission patterns in Guizhou
Province. This information may serve as a
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valuable reference for subsequent diagnosis,
prevention, control, and vaccination strate-
gies in the region.
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