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Abstract

Background Respiratory syncytial virus (RSV), a leading cause of lower respiratory tract infection (LRTI) among
children, has resurged in the form of endemic or even pandemic in many countries and areas after the easing of
COVID-19 containment measures. This study aimed to investigate the differences in epidemiological and clinical
characteristics of children hospitalized for RSV infection during pre- and post-COVID-19 eras in Yunnan, China.

Methods A total of 2553 pediatric RSV inpatients from eight hospitals in Yunnan were retrospectively enrolled in
this study, including 1451 patients admitted in 2018-2019 (pre-COVID-19 group) and 1102 patients admitted in 2023
(post-COVID-19 group). According to the presence or absence of severe LRTI (SLRTI), patients in the pre- and post-
COVID-19 groups were further divided into the respective severe or non-severe subgroups, thus analyzing the risk
factors for RSV-associated SLRTI in the two eras. Demographic, epidemiological, clinical, and laboratory data of the
patients were collected for the final analysis.

Results A shift in the seasonal pattern of RSV activity was observed between the pre-and post-COVID-19 groups. The
peak period of RSV hospitalizations in the pre-COVID-19 group was during January—April and October-December in
both 2018 and 2019, whereas that in the post-COVID-19 group was from April to September in 2023. Older age, more
frequent clinical manifestations (fever, acute otitis media, seizures), and elevated laboratory indicators [neutrophil-to-
lymphocyte ratio (NLR), c-reactive protein (CRP), interleukin 6 (IL-6), co-infection rate] were identified in the post-
COVID-19 group than those in the pre-COVID-19 group (all P<0.05). Furthermore, compared to the pre-COVID-19
group, the post-COVID-19 group displayed higher rates of SLRTI and mechanical ventilation, with a longer length of
hospital stay (all P<0.05). Age, low birthweight, preterm birth, personal history of atopy, underlying condition, NLR,
IL-6 were the shared independent risk factors for RSV-related SLRTI in both pre- and post-COVID-19 groups, whereas
seizures and co-infection were independently associated with SLRTI only in the post-COVID-19 group.
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Conclusions An off-season RSV endemic was observed in Yunnan during the post-COVID-19 era, with changed
clinical features and increased severity. Age, low birthweight, preterm birth, personal history of atopy, underlying
condition, NLR, IL-6, seizures, and co-infection were the risk factors for RSV-related SLRTI in the post-COVID-19 era.

Keywords Respiratory syncytial virus, Children, Post-COVID-19 era, Severe lower respiratory tract infection, Risk

factors

Introduction

Respiratory syncytial virus (RSV) represents a leading
cause of lower respiratory tract infection (LRTI) in young
children across the globe [1]. It was estimated that there
were approximately 33.1 million episodes of RSV-related
LRTI per year, resulting in 3.2 million hospital admis-
sions and 59,600 in-hospital deaths among children aged
below 5 years [2]. Of which, severe LRTI (SLRTI) has
long been identified as the most dominant factor respon-
sible for pediatric RSV-associated deaths, especially in
developing countries [3, 4]. In the past, RSV activity was
highly predictable due to marked seasonality in trans-
mission, with peak seasons from October to the follow-
ing April in the Northern Hemisphere and from April to
September in the Southern Hemisphere [5]. However,
this stable seasonal pattern of RSV spread was broken by
the COVID-19 pandemic, which had posed catastrophic
consequences to public health worldwide [6].

In response to the COVID-19 pandemic, most coun-
tries around the world implemented a series of rigorous
non-pharmaceutical interventions (NPIs). Substantial
evidence suggested that while the strict NPIs were effec-
tive in controlling COVID-19 pandemic, they also lim-
ited the seasonal circulation of RSV, with a significant
decline in detection rates reaching up to 98% during the
pandemic [7, 8]. However, as widely known, because
of the lack of licensed RSV vaccines and the gradual
decrease of maternal RSV neutralizing antibodies with
increasing age, seasonal exposure to RSV has served as
the primary way for children to acquire immune protec-
tion against RSV infection [9, 10]. Logically, the reduced
seasonal exposure to RSV during the COVID-19 pan-
demic would enhance susceptibility to RSV in children,
thereby increasing the severity of RSV infection. Indeed,
with the gradual lifting of NPIs in the post-COVID-19
era, numerous countries, such as Australia, New Zea-
land, Italy, Japan, and China, have reported out-of-season
RSV outbreaks, with increased proportions of RSV hos-
pitalizations and intensive care unit (ICU) admissions [7,
11-14]. Given that COVID-19 pandemic and its related
NPIs have affected the seasonal pattern, natural course,
and severity of RSV infection in children, studies regard-
ing RSV infection in post-COVID-19 era are urgently
needed to further elucidate its epidemiological and clini-
cal characteristics.

In the present study, we retrospectively collected the
data on pediatric RSV inpatients at multiple hospitals in

Yunnan, China, in 2018-2019 and 2023. A detailed analy-
sis of epidemiology and clinical characteristics of these
patients during the pre- and post-COVID-19 eras was
performed to evaluate the seasonal and clinical evolution
of RSV. In addition, we also compared the risk factors of
RSV-associated SLRTI between the two eras, aiming to
facilitate the early recognition of severe cases and reduc-
ing mortality in such patients during the post-COVID-19
era.

Methods

Study design and population

This multicenter retrospective study was conducted at
eight public tertiary hospitals in Yunnan, China, enroll-
ing children (<14 years) hospitalized for RSV infec-
tion in 2019 and 2023. Patients admitted during January
2018-December 2019 and January—December 2023 were
divided into the pre- and post-COVID-19 groups, retro-
spectively. Besides, to compare risk factors for RSV-asso-
ciated SLRTI between the two eras, patients in pre- and
post-COVID-19 groups were further classified into the
respective severe and non-severe subgroups according to
the presence or absence of SLRTT (Fig. 1).

SLRTI was defined as pneumonia or bronchiolitis
accompanied by at least one of following conditions
[15-17]: (1) a reduction in feeding amount to less than
half of the normal, dehydration or refusal to feed; (2) dis-
turbed consciousness; (3) manifestations of hypoxemia,
including cyanosis, age-specific tachypnea (=60 breaths/
min for children under 2 months; =50 breaths/min for
children aged 2 months to 1 year; 240 breaths/min for
children aged >1 to 5 years; 230 breaths/min for children
older than 5 years), three concave signs, nasal flaring,
grunting, intermittent apnea, or oxygen saturation <88%;
(4) persistent high fever for more than 5 days; (5) pulmo-
nary imaging suggesting>2/3 unilateral lung infiltration,
multilobar pulmonary infiltration, pleural effusion, pneu-
mothorax, atelectasis, pulmonary necrosis, or pulmonary
abscess; (6) extrapulmonary complications.

Ethical approval for this study was granted by the Eth-
ics Committees of Kunming Children’s Hospital Affili-
ated to Kunming Medical University (approval number:
2023-05-012-K01), who also waived the written informed
consent due to the retrospective design of the study.
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Children hospitalized with RSV infection during
January 2018- December 2019 (pre-COVID-19 era) and
January 2023- December 2023 (post-COVID-19 era)
(n=2553)

In 2023: n= 1102

Post-COVID-19 group
(n=1102)

Non- severe subgroup:
inpatients with general
RSV infection
(n=863)

Severe subgroup:
inpatients with SLRTI
(n=239)

| I

In 2018: n = 658 In2019: n =793

| |
1

Pre-COVID-19 group
(n=1451)

Non- severe subgroup:
inpatients with general
RSV infection
(n=1207)

Severe subgroup:
inpatients with SLRTI
(n=244)

Fig. 1 Flowchart of the overall study design. RSV, respiratory syncytial virus; SLRTI, severe lower respiratory tract infection

Data extraction and definition

Data obtained from electronic medical records included
demographic information (age, gender), clinical charac-
teristics [low birthweight, preterm birth, personal and
family histories of atopy, non-exclusively breastfeeding
(non-EBF), underlying condition, duration of symptoms
prior to admission, fever, fever peak, cough, rhinorrhea,
nasal congestion, wheezing, acute otitis media, seizures,
poor appetite, diarrhea, vomiting], laboratory indica-
tors [oxygen saturation, leucocyte count, neutrophil-
to-lymphocyte ratio (NLR), CD4*/CD8" T cell ratio,
erythrocyte sedimentation rate (ESR), c-reactive protein
(CRP), procalcitonin (PCT), interleukin 6 (IL-6), alanine
transaminase (ALT), aspartate transaminase (AST), lac-
tate dehydrogenase (LDH), creatinine (Cr), urea, creatine
kinase myocardial band (CK-MB), co-infection], and
outcome measures [SLRTI, mechanical ventilation, ICU
admission, length of hospital stay (LOS)].

In the above-mentioned data, low birthweight was
defined as a birth weight of less than 2500 g; preterm
birth was defined as gestational age <37 weeks; underly-
ing diseases included congenital heart diseases, bron-
chopulmonary dysplasia, pectus excavatum, malignant
tumors, immunodeficiency, or severe malnutrition;

non-EBF was defined as that the feeding practice within
6 months after birth was formula feeding or mixed feed-
ing. In addition, all patients in this study had received
the molecular detection of multiple respiratory patho-
gens, including RSV, influenza A virus (IAV), influenza B
virus (IBV), human parainfluenza virus (HPIV), human
adenovirus (HAdV), human rhinovirus (HRV), human
metapneumovirus (HMPV), SARS-COV-2 (only in the
post-COVID-19 era), mycoplasma pneumoniae (M.
pneumoniae), chlamydophila pneumoniae, and legio-
nella pneumophila. Co-infection referred to detection
of another pathogen concurrent to RSV diagnosis. All
data were cross-checked by two trained Ph.D. students to
ensure accuracy.

Statistical analysis

Categorical variables were expressed as frequencies (n)
and percentages (%) and compared using Pearson’s chi-
square or Fisher’s exact test, while continuous variables
with non-normal distributions tested by the Shapiro-
Wilk test were summarized as medians with interquartile
range (IQR) and then compared using Mann-Whitney
U test. Multivariate logistic regression analysis was per-
formed to identify the independent risk factors for SLRTI
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Table 1 General characteristics of patients in the pre- and post-COVID-19 groups
Characteristics Total Post-COVID-19 group Pre-COVID-19 group P
(n=2553) (n=1102) (n=1451) value
Age, months, median (IQR) 74(3.3,13.1) 15.1(10.5,21.6) 55(2.1,11.2) <0.001
Male, n (%) 1492 (58.4) 628 (57.0) 864 (59.5) 0.194
Low birthweight, n (%) 330(12.9) 155 (14.1) 175(12.1) 0.135
Preterm birth, n (%) 336 (13.2) 136 (12.3) 200 (13.8) 0.286
Personal history of atopy, n (%) 554 (21.7) 249 (22.6) 305 (21.0) 0339
Family history of atopy, n (%) 362 (14.2) 168 (15.2) 194 (13.4) 0.179
Non-EBF, n (%) 1157 (45.3) 505 (45.8) 652 (44.9) 0.654
Underlying condition, n (%) 361 (14.1) 163 (14.8) 198 (13.6) 0411
Duration of symptoms prior to admission, days, 1.0 (1.0, 2.0) 1.0(1.0,1.0) 1.0(1.0,20) 0.219
median (IQR)
IQR, interquartile ranges; Non-EBF, non-exclusively breastfeeding
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Fig. 2 The temporal distribution of admissions in the pre- and post-COVID-19 groups

among pediatric RSV inpatients. All statistical analyses
were carried out using R 3.5.1 (R Foundation, Vienna,
Austria) with a significance level set at a two- tailed P
value<0.05.

Results

General characteristics of patients

During the entire study period, a total of 2553 pediat-
ric RSV inpatients were included in this study. Among
which, 1451 cases (658 cases in 2018 and 793 cases in
2019) were enrolled in the pre-COVID-19 group with

a median age of 5.5 (2.1, 11.2) months and a male pro-
portion of 59.5% (864/1451), while 1102 cases were
enrolled in the post-COVID-19 group with a median
age of 15.1 (10.5, 21.6) months and a male proportion of
57.0% (628/1102). Patients in the post-COVID-19 group
were significantly older than those in the pre-COVID-19
group (P<0.001) (Table 1).

Epidemiological characteristics of patients
In terms of temporal distribution of admissions (Fig. 2),
the post-COVID-19 group showed that the number of
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RSV hospitalizations began to increase rapidly in April
and culminate in August, followed by a sharp decline in
October, indicating a peak period of hospitalization in
April-September 2023, with the monthly hospitalization
counts successively being 98 (8.9%) in April, 131 (11.9%)
in May, 172 (15.6%) in June, 187 (17.0%) in July, 192
(17.4%) in August, and 117 (10.6%) in September.

In contrast, the period from May to September was
an relative trough for RSV hospitalizations in the pre-
COVID-19 group, which showed a peak period during
January—April and October—December in both 2018 and
20109.

Clinical and laboratory characteristics of patients

There were significant differences regarding clinical
and laboratory characteristics between the pre- and
post-COVID-19 groups (Table 2). Specifically, despite a
deceased proportion of wheezing, more frequent clini-
cal manifestations (fever, acute otitis media, seizures)
and significantly elevated laboratory indicators (leuko-
cyte count, NLR, CRP, IL-6, co-infection rate) were found

Page 5 of 12

in the post-COVID-19 group than the pre-COVID-19
group (all P<0.05). More notably, the proportion of
patients developing SLRTI was 21.7% (239/1102) in the
post-COVID-19 group, with a mechanical ventilation
rate of 7.8% (86/1102) and a median LOS of 6.0 (4.0, 8.0)
days, all of which were greater than those identified in the
pre-COVID-19 group [16.8% (244/1451), 4.8% (70/1451),
5.0 (4.0, 7.0) days, respectively; all P<0.05] (Table 3).

Co-infection of patients
Co-infection was detected in 439 cases (39.8%) in the
post-COVID-19 group and 518 cases (35.7%) in the pre-
COVID-19 group. As summarized in Table 4, dual infec-
tion was the most common mixed infection [299 (68.1%)]
in the post-COVID-19 group, followed by triple infec-
tion [98 (22.3%)] and quadruple infection [42 (9.6%)].
The three most common combinations of co-infection
were RSV+IAV [60 (13.7%)], RSV+M. pneumoniae [47
(10.7%)], and RSV+HRYV [38 (8.7%)].

The concurrent infection in the pre-COVID-19 group
was also dominated by dual infection, with a higher

Table 2 Clinical and laboratory characteristics of patients in the pre- and post-COVID-19 groups

Characteristics Total Post-COVID-19 group (n=1102) Pre-COVID-19 group (n=1451) Pvalue
(n=2553)

Clinical symptoms
Fever, n (%) 1284 (50.3) 582 (52.8) 702 (484) 0.027
Fever peak, °C, median (IQR) 37.7(37.2,382) 37.8(37.2,384) 37.7(37.2,38.1) 0.118
Cough, n (%) 2276 (89.2) 993 (90.1) 1283 (88.4) 0.175
Rhinorrhea, n (%) 7(43.8) 495 (44.9) 622 (42.9) 0.301
Nasal congestion, n (%) 1086 (42.5) 452 (41.0) 634 (43.7) 0.175
Wheezing, n (%) 1099 (43.0) 448 (40.7) 1(44.9) 0.033
Acute otitis media, n (%) 553(21.7) 284 (25.8) 269 (18.5) <0.001
Seizures, n (%) 202 (7.9) 131 (11.9) 7149 <0.001
Poor appetite, n (%) 838 (32.8) 351(31.9) 487 (33.6) 0.362
Diarrhea, n (%) 115 (4.5) 56 (5.1) 59 (4.1) 0.220
Vomiting, n (%) 174 (6.8) 72 (6.5) 102 (7.0) 0622

Laboratory findings, median (IQR)
Oxygen saturation, % 94.0(91.0,97.0) 93.0(90.0,97.0) 94.0(91.0,98.0) 0.104
Leukocyte count, x10%/L 123(101 4.9) 8(11.0,16.7) 11.1(9.5,13.9) <0.001
NLR 9(3.1,5.3) 2 (3.5, 62) 3.6 (2.8, SO) <0.001
CD4* /CD8* T cell ratio 2(09,1.6) 2(08,1.5) 1.2(1.0,1.7) 0.621
ESR, mm/H 170(150 230) 210(140 290) 160(140 220) 0.195
CRP. mg/L 7(8.0,17.9) 3(89,196) 9.8(4.7,17.2) 0.009
PCT, ng/mL (O 1,1.1) 4(0.1,1.2) 04(0.2,1.1) 0418
IL-6, pg/mL 182(103 27.8) (124 32.8) 165(102 27.3) 0.007
ALT, U/L 25.0(20.0,37.0) 240(190 33.0) 25.0(21.0,39.0) 0.110
AST, U/L 27.0(20.0,35.0) 26.0(19.0,35.0) 28.0(22.0,35.0) 0322
LDH, U/L 390.6 (350.7,509.0) 398.6 (351.2,568.9) 387.0 (349.6, 505.8) 0.175
Cr, umol/L 29.5(24.9,37.8) 31.6(26.3,38.2) 29.2(23.9,37.6) 0.382
Urea, mmol/L 2(2.2,47) 0(2.1,45) 2(22,47) 0510
CK-MB, U/L 48.1 (39.3,55.0) 51.0 (41.4,60.8) 46.3 (39.0,53.6) 0.139
Co-infection, n (%) 957 (37.5) 439 (39.8) 518 (35.7) 0.032

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK-MB, creatine kinase myocardial band; Cr, creatinine; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; IL-6, interleukin 6; IQR, interquartile ranges; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin
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Table 3 Outcome measures of patients in the pre- and post-COVID-19 groups

Characteristics Total Post-COVID-19 group (n=1102) Pre-COVID-19 group (n=1451) Pvalue
(n=2553)

SLRTI, n (%) 483 (18.9) 239(21.7) 244 (16.8) 0.002

Mechanical ventilation, n (%) 156 (6.1) 86 (7.8) 70 (4.8) 0.002

ICU admission, n (%) 210(8.2) 101 (9.2) 109 (7.5) 0.132

LOS, days, median (IQR) 5.0(4.0,7.0) 6.0 (4.0,8.0) 50(4.0,7.0) <0.001

ICU, intensive care unit; IQR, interquartile ranges; LOS, length of hospital stay; SLRTI, severe lower respiratory tract infection

Table 4 Co-infection of patients in the pre- and post-COVID-19
groups

Characteristics Post-COV- Pre-COV- P
ID-19group  ID-19group value
(n=439) (n=518)
Dual infection, n (%) 299 (68.1) 412 (79.5) <0.001
Triple infection, n (%) 98 (22.3) 80 (154) 0.006
Quadruple infection, n (%) 42 (9.6) 26 (5.0) 0.006
Main combinations of co-infection, n (%)
RSV + 1AV 60 (13.7) 35(6.8) <0.001
RSV+HRV 38(8.7) 73(14.1) 0.009
RSV +HPIV 24(5.5) 61(11.8) 0.001
RSV+HMPV 7(1.6) 69 (13.3) <0.001
RSV +M. pneumoniae 47 (10.7) 33 (6.4) 0.016

HMPV, human metapneumovirus; HPIV, human parainfluenza virus; HRV, human
rhinovirus; 1AV, influenza A virus; M. pneumoniae, mycoplasma pneumoniae; RSV,
respiratory syncytial virus

proportion than that in the post-COVID-19 group
[79.5% (412/518) vs. 68.1% (299/439), P<0.001]; whereas
the proportions of triple and quadruple infections were
significantly lower than those in the post-COVID-19
group [15.4% (80/518) vs. 22.3% (98/439), P=0.006; 5.0%
(26/518) vs.9.6% (42/439), P=0.006)]. The top three com-
binations of co-infections in the pre-COVID-19 group
in order were RSV+HRYV [73 (14.1%)], RSV+HMPV [69
(13.3%)], and RSV+HPIV [61 (11.8%)].

Independent risk factors for RSV-associated SLRTI

As shown in Tables 5 and 239 (21.7%) cases in the post-
COVID-19 group and 244 (16.8%) cases in the pre-
COVID-19 group were classified into respective severe
subgroups. Patients’ characteristics of severe and non-
severe subgroups in both pre- and post-COVID-19
groups were summarized in Tables 5, 6 and 7. Variables
with significant differences between severe and non-
severe subgroups were included into logistic regression
analysis. Finally, age, low birthweight, preterm birth, per-
sonal history of atopy, underlying condition, NLR, and
IL-6 were identified as the shared independent risk fac-
tors of SLRTT in both pre- and post-COVID-19 groups,
whereas seizures and co-infection were independently
associated with SLRTT only in the post-COVID-19 group
(Fig. 3).

Discussion

Based on multicenter data, this study assessed children
hospitalized for RSV infection during the pre- (2018-
2019) and post-COVID-19 eras (2023) in Yunnan, China,
to clarify the differences in characteristics of pediatric
RSV infection between the two periods.

Before the COVID-19 pandemic, the RSV activities
generally followed a predictable seasonal pattern with
epidemic peaks from October to April of the follow-
ing year in the Northern Hemisphere [5]. Consistent
with this knowledge, in the pre-COVID-19 group of
our study, the RSV-associated hospitalizations occurred

Table 5 General characteristics of patients in the respective severe and non-severe subgroups

Characteristics Post-COVID-19 group P value Pre-COVID-19 group P
Severe (n=239) Non-severe Severe (n=244) Non-severe value
(n=863) (n=1207)

Age, months, median (IQR) 11.2(93,17.9) 17.3(14.1,22.5) <0.001 2.2(1.0,5.1) 58 (2 3,124) <0.001
Male, n (%) 139 (58.2) 489 (56.7) 0.679 151 (61.9) 3(59.1) 0422
Low birthweight, n (%) 48 (20.1) 107 (124) 0.002 42 (17.2) ( 0) 0.007
Preterm birth, n (%) 40 (16.7) 96 (11.1) 0.020 44 (18.0) 6(13.8) 0.035
Personal history of atopy, n (%) 69 (28.9) 180 (20.9) 0.009 63 (25.8) 242 (20 0) 0.044
Family history of atopy, n (%) 45(18.8) 123 (14.3) 0.082 45 (18.4) 49(12.3) 0011
Non-EBF, n (%) 116 (48.5) 389 (45.1) 0.342 107 (43.9) 545 (45.2) 0.709
Underlying condition, n (%) 51(21.3) 2(13.0) 0.001 46 (18.9) 52(126) 0.009
Duration of symptoms prior to admis- 1.0(1.0,20) 0(1.0,1.0) 0.581 1.0(1.0,20) 1.0(1.0,20) 0.880

sion, days, median (IQR)

IQR, interquartile ranges; Non-EBF, non-exclusively breastfeeding
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Table 6 Clinical and laboratory characteristics of patients in the respective severe and non-severe subgroups

Characteristics Post-COVID-19 group Pvalue Pre-COVID-19 group Pvalue

Severe (n=239) Non-severe (n=863) Severe (n=244) Non-severe (n=1207)

Clinical symptoms
Fever, n (%) 136 (56.9) 446 (51.7) 0.152 127 (52.0) 575 (47.6) 0.209
Fever peak, °C, median (IQR) ~ 38.1(37.7,39.2) 37.8(37.1,383) 0.018 384(37.2,39.1) 376(37.0,38.0) 0.008
Cough, n (%) 219(91.6) 774 (89.7) 0373 212 (86.9) 1071 (88.7) 0411
Rhinorrhea, n (%) 115 (48.1) 380 (44.0) 0.261 5(47.1) 507 (42.0) 0.140
Nasal congestion, n (%) 103 (43.1) 349 (40.4) 0.460 2 (45.9) 522 (43.2) 0.446
Wheezing, n (%) 1(46.4) 337(39.0) 0.039 27 (52.0) 524 (43.4) 0.013
Acute otitis media, n (%) (27 4) 218(25.3) 0461 52(21.3) 217 (18.0) 0.222
Seizure, n (%) 41(17.2) 90 (104) 0.004 17 (7.0) 54 (4.5) 0.100
Poor appetite, n (%) 79(33.1) 272 (31.5) 0.652 93(38.1) 394 (32.6) 0.099
Diarrhea, n (%) 1(4.6) 45 (5.2) 0.703 12 (4.9) 47 (3.9 0460
Vomiting, n (%) 7(7.1) 55(64) 0.682 19 (7.8) 83(6.9) 0.612

Laboratory findings, median (IQR)
Oxygen saturation, % 91.0(88.0,95.0) 93.0(90.0,98.0) 0.072 93.0(91.0,95.0) 94.0 (91.0,98.0) 0274
Leukocyte count, x1 0%/L 16.4(13.2,19.8) 12.9(10.7,15.6) <0.001 145(113,17.9) 11.0(9.2,134) <0.001
NLR 5639 88) 40(33,59) <0001 533379 35(27,48) <0.001
CD4* /CD8* T cell ratio 1.1(0.7,1.3) 1.2(1.0,1.6) 0.063 1.1(0.7,1.6) 1.3(1.0,1.8) 0.037
ESR, mm/H 23.0(16.0,33.0) 20.0(13.0,27.0) 0.182 20.0(15.0,26.0) 16.0 (13.0,21.0) 0.167
CRP, mg/L 16.3(14.8,22.5) 11.4(8.1,143) <0.001 15.1(12.5,22.7) 93(45,16.7) <0.001
PCT, ng/mL 0.5(0.3,1.6) 04(0.2,0.9) 0.032 0.5(05,1.3) 04(0.2,0.9) 0.076
IL-6, pg/mL 22.8(18.1,36.7) 17.9(11.2,30.5) 0.002 21.7(17.0,34.1) 15.5(9.9,25.5) <0.001
ALT, U/L 24.0(20.0,41.0) 24.0(19.0,32.0) 0416 28.0(24.0,41.0) 24.0(20.0.37.0) 0461
AST, U/L 28.0(20.0,38.0) 26.0(19.0,34.0) 0337 30.0 (24.0,38.0) 27.0(20.0,33.0) 0.215
LDH, U/L 402.7 (369.1,577.2)  395.8(346.3,552.1) 0.146 401.1(365.5,521.0) 3794 (347.5,491.3) 0.387
Cr, umol/L 345(293,41.2) 304 (25.7,36.9) 0484 34.1(26.2,39.4) 28.5(216,353) 0.109
Urea, mmol/L 3.1(26,4.8) 300,44 0.391 35(3.0,69 30(20,44) 0.175
CK-MB, U/L 54.7 (44.1,69.6) 50.2 (40.5,58.3) 0.307 51.0(46.2,57.8) 45.0(37.1,52.3) 0.692
Co-infection, n (%) 110 (46.0) 329(38.1) 0.027 97 (39.8) 421 (34.9) 0.147

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK-MB, creatine kinase myocardial band; Cr, creatinine; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; IL-6, interleukin 6; IQR, interquartile ranges; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin

Table 7 Outcome measures of patients in the respective severe and non-severe subgroups

Characteristics Post-COVID-19 group Pvalue  Pre-COVID-19 group Pvalue
Severe (n=239) Non-severe (n=863) Severe (n=244) Non-severe (n=1207)

Mechanical ventilation, n (%) 86 (36.0) 0 <0.001 70 (28.7) 0 <0.001

ICU admission, n (%) 101 (42.3) 0 <0.001 109 (44.7) 0 <0.001

LOS, days, median (IQR) 7.0 (6.0,9.0) 6.0 (4.0,7.0) <0.001 6.0 (5.0,8.0) 5.0(4.0,7.0) 0.002

ICU, intensive care unit; LOS, length of hospital stay

more frequently during January- April and October-
December in both 2018 and 2019. Whereas the post-
COVID-19 group showed a pronounced off-season RSV
endemic from April to September 2023, suggesting a
significant seasonal shift in RSV prevalence during the
post-COVID-19 era compared to the pre-COVID-19
era. Similar phenomena were also observed in multiple
countries and regions, such as Japan and Italy [18, 19].
In addition, it should be noted, as we mentioned earlier,
that RSV activity was barely recorded worldwide during
the COVID-19 pandemic due to the strict implementa-
tion of COVID-19-related NPIs. Therefore, it may be dif-
ficult to determine the actual epidemiological and clinical

features of RSV during the pandemic period. This is also
the main reason why this study did not collect RSV data
from the pandemic period for comparison and analysis.
There was an increase in age of patients in the post-
COVID-19 group than those in the pre-COVID-19
group. It was well known that younger children, espe-
cially those under one year of age, were the main RSV-
susceptible population in the past [20]. In our study,
the pre-COVID-19 group showed a median age of 5.5
months, which was quite close to that reported in the
previous literature [21, 22]. However, a significantly older
median age (15.1 months) was found in the post-COVID
—19 group. Similarly, Australia, one of the earliest
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Pre-COVID-19 group
Variables OR (95%CI) Pvalue
Age " 0.510 (0.392~0.672) <0.001
Low birthweight e 3.261 (1.294~8.330) <0.001
Preterm birth i _ 4.038 (2.107~7.783) 0.002
Personal history of atopy i 3.420 (2.115~10.106) 0.013
Underlying condition i 8.180 (4.219~19.734) <0.001
NLR i 154 1.579 (1.398~1.874) <0.001
IL-6 im 1.531 (1.320~1.921) <0.001

1 5 10 s 20

Post-COVID-19 group
Variables OR (95%CI) Pvalue
Age il 0.827 (0.729~0.938) 0.003
Low birthweight b 3.191 (1.578-6.453) 0.001
Preterm birth . 2.963 (1.184-7.415) 0.020
Personal history of atopy i . & 5.633 (2.724~11.647) <0.001
Underlying condition i I @ i 5.302 (1.706~16.477) 0.004
Seizures i —_ 2.919 (1.385~6.150) 0.005
NLR i L] 1.625 (1.438~1.835) <0.001
IL-6 :b 1.089 (1.049~1.132) <0.001
Co-infection Il—o—l 2.141 (1.032~4.443) 0.041

1 5 10 15 20

Fig. 3 The independent risk factors of RSV-related SLRTI in the pre- and post-COVID-19 groups. Cl, confidence interval; NLR neutrophil-lymphocyte ratio;
OR, odd ratio; RSV, respiratory syncytial virus; SLRTI, severe lower respiratory tract infection

countries suffering from the out-of-season RSV outbreak
after easing of COVID-19 containment, reported that
RSV patients during the post-COVID-19 period had a
median age of 16.4 months, which was more than twice
that observed before the emergence of COVID-19 pan-
demic (8.1 months) [12]. Jiang et al. [23] recently dem-
onstrated the immunity debt due to the absent seasonal
RSV circulation mainly caused by NPIs. The levels of
RSV-specific antibody among children were significantly
declined during the COVID-19 pandemic compared to
those in the pre-pandemic period, and the changes of
antibody levels presented marked variability across dif-
ferent age groups, with a more prominent decrease iden-
tified in older children. This might partially explain the
trend towards increasing age of children with RSV infec-
tion in the post-COVID-19 era.

Besides, more frequent clinical manifestations (fever,
acute otitis media, seizures), elevated inflammatory indi-
cators (NLR, CRP, IL-6), higher proportion of SLRTI,
increased requirement of mechanical ventilation, and

longer LOS were observed in the post-COVID-19 group
compared to those in the pre-COVID-19 group, sug-
gesting a greater clinical severity of RSV infection in
the post-COVID-19 group. The discrepancy of clinical
severity between the two groups was probably linked to
two factors: immunity debt caused by NPIs and immune
dysregulation associated with prior SARS-CoV-2 infec-
tion [24]. First, the absence of RSV seasonal exposure
due to the implementation of NPIs during COVID-19
pandemic was confirmed to generate immunity debt [8,
23], which might exacerbate the clinical course of RSV
infection. Second, previous studies revealed that com-
pared with healthy individuals, patients who had over-
come acute SARS-CoV-2 infection for over two months
showed significant impairment of T, NKT, and NKT-like
cells [25]. Meanwhile, the absence of naive T and B cells
could still be found in some recovered patients at eight
months after acute SARS-CoV-2 infection [26]. Alto-
gether, these findings implied that immune dysregulation
might persist for months following the recovery from
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acute SARS-CoV-2 infection, potentially causing harm-
ful effects on the immune system. Given the ultra-high
prior infection rate of SARS-CoV-2 in China [27], poten-
tial immune dysregulation could be a non-negligible fac-
tor affecting RSV severity in the post-COVID-19 era. Of
course, we also cannot ignore that the increased sever-
ity of symptoms observed in the post-COVID-19 group
might also be attributed to an increased likelihood of
encountering severe cases, given the intensified RSV cir-
culation and its associated hospitalization burden world-
wide. Consistent with this, in our study, the number of
inpatients in the post-COVID-19 group (1102 cases) was
indeed greater than that in any single year of the pre-
COVID-19 group (658 cases in 2018 and 793 cases in
2019). Therefore, although the severity evaluation of RSV
was performed based on multiple aspects (inflamma-
tory indicators, proportion of severe case, requirement
of mechanical ventilation, LOS) in this study, we must
acknowledge the potential that the increase in hospital-
ized cases could have led to a higher likelihood of observ-
ing severe cases. In addition, it was recently proposed
that conditions associated with the COVID-19 pandemic
perhaps favored the emergence of more virulent or con-
tagious RSV strains [24], but the current findings do not
support this perspective [28, 29] and more reliable evi-
dence is required.

In addition, one noteworthy phenomenon was that
compared to the pre-COVID-19 group, the post-
COVID-19 group showed a significantly increased inci-
dence of seizures (11.9% vs. 4.9%), which might serve as
the vital evidence suggesting the association between
COVID-19 pandemic and the heightened clinical severity
of RSV infection during the post-pandemic period. Com-
bined with previous studies [27, 30—33], the reactivation
of residual SARS-CoV-2 virus among the recovered indi-
viduals and/or the current co-infection with Omicron
variant might partially account for the raised incidence
of seizures in pediatric RSV infection. Furthermore, even
before the COVID-19 pandemic, RSV infection itself
could lead to fatal neurological damage in children [34],
so attention to neurological complications is particu-
larly needed in the clinical management of pediatric RSV
infection during the post-COVID-19 period. Another
significant clinical alteration of RSV infection in the post-
COVID-19 era was the decreased proportion of wheez-
ing (44.9% and 40.7% in pre- and post-COVID-19 groups,
respectively), which was one of the most common symp-
toms of children with RSV infection in the past. This
change implied that clinicians also should pay sufficient
attention to RSV patients without wheezing during the
post-COVID-19 era, in order to avoid missed diagnosis
and misdiagnosis.

Moreover, in this study, the post-COVID-19 group
showed a higher proportion of co-infections (39.8% vs.
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35.7%), with more frequent multiple infections (triple
infection: 22.3% vs. 15.4%; quadruple infection: 9.6% vs.
5.0%), compared to the pre-COVID-19 group. This phe-
nomenon might also be relevant to the NPIs-induced
immunity debt, which affected not only RSV but also
other pathogens. Variable degrees of resurgences in mul-
tiple pathogens, such as influenza viruses and M. pneu-
moniae, have been reported after the easing of NPIs [8,
35]. This perhaps represented a potential cause underly-
ing the increased co-infections, especially multiple infec-
tions, during the post-COVID-19 era. Simultaneously,
increased co-infection might be one of reasons why the
RSV infection in the post-COVID-19 group displayed
a greater clinical severity than the traditional seasonal
RSV infection, because numerous studies have shown
that mixed infections tended to be closely linked to more
severe clinical outcomes [36]. Furthermore, significant
differences in the pathogen spectrum of co-infections
were observed between the two groups. In the post-
COVID-19 group, the top three combinations of co-
infections were RSV+IAV, RSV+M. pneumoniae, and
RSV+HRYV, while they were RSV+HRV, RSV+HMPYV,
and RSV+HPIV in the pre-COVID-19 group. Par-
ticularly, it is important to mention that incidences
of RSV+IAV and RSV+M. pneumoniae in the post-
COVID-19 group were significantly higher than those
in the pre-COVID-19 group. Haney et al. [37]. have con-
firmed that the co-infection of RSV and IAV forms hybrid
virus particles (HVPs), which can utilize RSV fusion gly-
coprotein to escape antiviral neutralizing antibodies, thus
enhancing viral infection and transmission among cells.
This interaction between RSV and IVA might affect virus
pathogenesis by expanding virus tropism and enabling
immune escape. This experimental finding may well
explain the clinical observation that co-infection of RSV/
IVA is associated with more severe outcomes [38, 39]. A
similar trend was reported in individuals concurrently
infected with RSV and M. pneumoniae, where the clinical
severity was significantly higher in those with co-infec-
tion compared to those with single RSV infection [40].
Therefore, the changes in pathogen spectrum of mixed
infections might also be one of the potential factors caus-
ing the variation in clinical characteristics and severity of
RSV infection between pre- and post-COVID-19 groups.

To better facilitate the understanding and early recog-
nition of RSV-associated SLRTI, we identified and fur-
ther compared the independent risk factors of SLRTI
between the pre- and post-COVID-19 groups. The result
showed that age, low birthweight, preterm birth, per-
sonal history of atopy, underlying condition, NLR, and
IL-6 were independently associated with occurrence of
RSV-associated SLRTT in both pre- and post-COVID-19
groups. This was not unexpected, because these factors
have been widely reported and recognized as the effective
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predictors for severe RSV infection in previous research
[21, 41, 42]. However, an interesting finding in our study
was that in addition to the seven shared risk factors, sei-
zures and co-infection were identified as the risk factors
of SLRTI only in the post-COVID-19 group. This again
suggested that more frequent seizures and co-infection
were likely to be significant characteristics of RSV infec-
tion in the post-COVID-19 era and played important
roles in the progression of RSV infection, reflecting the
potential impact of COVID-19 pandemic on RSV infec-
tion. Therefore, strengthening the evaluation of these
above indicators, especially seizures and co-infections,
are essential for the early recognition of RSV-associated
SLRTI in the post-COVID-19 era.

The present study has several limitations that should
be considered. First, there were inherent biases due to
the retrospective nature of study. Second, only inpa-
tients were included in this study. To better explore epi-
demic dynamics of RSV, outpatients should be enrolled
in future research. Another limitation is that only one
year of post-pandemic RSV data was collected and ana-
lyzed, so it might not be able to fully reflect the dynamic
changes of RSV during this period. In addition, the pres-
ent study did not classify underlying condition in detail,
which resulted in the failure to fully explain the influence
of different comorbidities on the occurrence of RSV-
associated SLRTI, despite identifying underlying con-
dition as an independent risk factor. Finally, we did not
analyze the circulating RSV strains at the genomic level
to assess possible discrepancy between the pre- and post-
COVID-19 periods.

Conclusions

This multicenter retrospective study indicated an out-
of-season RSV endemic in Yunnan, China, during the
post-COVID-19 era, with a peak period of pediatric RSV
hospitalization from April to September 2023. Children
hospitalized for RSV infection in the post-pandemic era
showed a trend towards older age, different clinical fea-
tures, and increased severity. Meanwhile, in addition to
seven shared risk factors (age, low birthweight, preterm
birth, personal history of atopy, underlying condition,
NLR, IL-6) for RSV-associated SLRTI in both pre- and
post-COVID-19 groups, seizures and co-infection were
independently associated with SLRTI among patients
only in the post-COVID-19 group. It is essential for cli-
nicians to be aware of these changes and differences
between the two periods, in order to optimize the clinical
management of such patients and reduce the occurrence
of RSV-related SLRTT and deaths.
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IL 6-Interleukin 6
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LOS Length of hospital stay

M. pneumoniae  Mycoplasma pneumoniae
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NPIs Non-pharmaceutical interventions
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RSV Respiratory syncytial virus

SLRTI Severe lower respiratory tract infection
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