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Abstract

Background: Acute respiratory infections (ARIs) are among the leading causes of hospitalization in children.
Understanding the local dominant viral etiologies is important to inform infection control practices and clinical
management. This study aimed to investigate the viral etiology and epidemiology of respiratory infections among
pediatric inpatients in Macao.

Methods: A retrospective study using electronic health records between 2014 and 2017 at Kiang Wu Hospital was
performed. Nasopharyngeal swab specimens were obtained from hospitalized children aged 13 years or younger
with respiratory tract diseases. xMAP multiplex assays were employed to detect respiratory agents including 10
respiratory viruses. Data were analyzed to describe the frequency and seasonality.

Results: Of the 4880 children enrolled in the study, 3767 (77.1%) were positive for at least one of the 13 viral
pathogens tested, of which 2707 (55.5%) being male and 2635 (70.0%) under 2 years old. Among the positive
results, there were 3091 (82.0%) single infections and 676 (18.0%) multiple infections. The predominant viruses
included human rhinovirus/enterovirus (HRV/EV 27.4%), adenovirus (ADV, 15.8%), respiratory syncytial virus B (RSVB,
7.8%) and respiratory syncytial virus A (RSVA, 7.8%). The detection of viral infection was the most prevalent in
autumn (960/1176, 81.6%), followed by spring (1095/1406, 77.9%), winter (768/992, 77.4%), and summer (944/1306,
72.3%), with HRV/EV and ADV being most commonly detected throughout the 4 years of study period. The
detection rate of viral infection was highest among ARI patients presented with croup (123/141, 87.2%), followed by
lower respiratory tract infection (1924/2356, 81.7%) and upper respiratory tract infection (1720/2383, 72.2%). FluA,
FluB and ADV were positive factors for upper respiratory tract infections. On the other hand, infection with RSVA,
RSVB, PIV3, PIV4, HMPV, and EV/RHV were positively associated with lower respiratory tract infections; and PIV1, PIV2,
and PIV3 were positively associated with croup.
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Conclusions: This is the first study in Macao to determine the viral etiology and epidemiology of pediatric patients
hospitalized for ARIs. The study findings can contribute to the awareness of pathogen, appropriate preventative
measure, accurate diagnosis, and proper clinical management of respiratory viral infections among children in
Macao.
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Background
Acute respiratory infections (ARIs) are the leading infec-
tious disease among children across the countries [1].
Being one of the most common causes to the overall
health burden [2–5], ARIs are also significantly associ-
ated with hospitalization and death among children in
China [6]. Children due to their weak physique and low
immunity are susceptible to the clinical manifestations
of fast transmissible and highly contagious viral ARIs
[7]. Prolonged and serious infections in the immuno-
compromised host resulting in admission to the inten-
sive care unit and death have been reported [8].
Reinfections associated with potentially severe illness in
the children may occur throughout their life [9].
Despite the high burden of disease due to viral ARIs

among children, it has been challenging to develop the
best preventive or treatment measures [10–12]. Most of
the evidence-based management guidelines suggest that
there is no effective preventative or curative treatment
for viral ARIs [13–15]. To inform and improve the suc-
cessful implementation of prevention, control and treat-
ment strategies, and the standardization of the diagnosis
and clinical management of viral ARIs in children, it is
important to have a good understanding of the etio-
logical attributes and epidemiological characteristics
among pediatric patients.
It has been suggested that the viral etiology of ARIs

among pediatric patients vary across the regions due to
the climate, geographical environment and population
even within the same country [16–18]. For instance, in
China, data showed that the most commonly detected
virus causing ARIs in children was HRV in Chengdu
(23%), RSV in Beijing (52.9%), HRV/EV in Shanghai
(33.6%) [19–21]. Similar disparities have also been ob-
served within the smaller region of the Pearl River Delta
region. The detection rate was also different among
neighboring areas due to the multifactorial etiology and
diverse pathogens (Shenzhen: 14.55%, Guangzhou:
55.7%, Hong Kong: 64%) [22–24]. Located along the
southeast coast of Mainland China, Macao (22°11′N,
113°33′E) is bordered on Guangdong Province and in
close proximity of Hong Kong.
At present, little has been reported about the viral eti-

ologies and epidemiology of pediatric patients suffering
from ARIs in Macao. In this study, we retrospectively

analyzed the pediatric patients hospitalized for ARIs
from 2014 to 2017. The aim was to investigate the epi-
demiological characteristics and clinical features of the
common respiratory viruses that cause ARIs, and to es-
tablish the respiratory viral pathogen spectrum among
children to inform infection control practices and clin-
ical management.

Methods
A retrospective study was performed using data from
the electronic health records of Kiang Wu Hospital
about pediatric patients hospitalized for ARIs between 1
January 2014 and 31 December 2017.

Study site
Macao has a typical subtropical Marine monsoon cli-
mate, characterized by rich heat, adequate moisture,
high temperature, and abundant rainfall. In spring and
summer, it is hot and rainy, while relatively less rainfall
in autumn and winter. The 30-year statistics in Macao
shows that the average annual temperature is 22.6 °C,
the annual mean relative humidity is 78.8% and the total
precipitation is 2058.1 mm [25].

Data sources
The health records of patients were all from Kiang Wu
Hospital which was a major hospital in Macao. Kiang
Wu Hospital housed 755 or 47% (755/1604) of hospital
beds in Macao, with its outpatient departments treated
over 1.32 million patients, an average of 4028 per day to
a population of 622,585 in 2017 [26, 27].

Study population and data collection
The study population of the study was children aged
from newborn to 13 years old who were hospitalized for
diagnosed ARIs in Kiang Wu Hospital from 1st January
2014 and 31st December 2017. The files of all pediatric
patients hospitalized admitted during the above men-
tioned period was extracted from the electron health re-
cords of Kiang Wu Hospital and screened by one of the
authors (CL) using the corresponding ICD-10 codes: J00
(Acute nasopharyngitis [common cold]), J02 (Acute pha-
ryngitis), J04 (Acute laryngitis and tracheitis), J06 (Acute
upper respiratory infections of multiple and unspecified
sites), J18 (Pneumonia, unspecified organism), and J20
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(Acute bronchitis). The extracted data about eligible pa-
tients was then verified by another author (CTL). Both
authors (CL and LCT) were specialists at the Depart-
ment of Pediatrics. Two inclusion criteria were applied.
The first criterion was that the patients were hospital-
ized with main diagnoses of ARIs. The second criterion
was that the patient profiles must have complete results
of the nasopharyngeal swab tests. Children with congeni-
tal pneumonia (ICD-10 code: P23), nosocomial infec-
tions (ICD-10 code: Y95) or chronic tuberculosis (ICD-
10 code: A15) were excluded.

Specimens
All the samples (n = 4880) collected from pediatric inpa-
tients hospitalized for ARIs between 1st January 2014
and 31st December 2017 were enrolled to the study. The
demographic, epidemiological and clinical information
were extracted from the electronic health records of the
hospital. The samples were collected from the patients
at admission using a special swab (ESWAB from Copan
Italia SpA) by the nurses. The swab was then put into
culture medium, covered, and transported to the labora-
tory immediately at a storing temperature of 20–25 °C
for testing within 1 h of collection.

Laboratory procedure
Detection of respiratory viruses was performed immedi-
ately after the nasopharyngeal secretion specimens were
delivered to the laboratory. Luminex 200, an xMAP
equipment, combined with xTAG Respiratory Viral
Panel FAST v2 were employed for the detection of vi-
ruses in this study. The device was selected due to its
higher throughput, higher flexibility and better sensitiv-
ity and reproducibility when compared with traditional
virus detection methods [28, 29]. It can detect multiple
viral pathogens at the same time and even new viruses, a
function with high clinical value considering the trend of
multiple infection and gradual mutation of new virus.
All specimens were tested for 13 common respiratory

viruses, including human rhino/enteroviruses (HRV/EV),
adenovirus (ADV), respiratory syncytial virus A (RSVA),
respiratory syncytial virus B (RSVB), human metapneu-
movirus (HMPV), influenza virus A (FluA), influenza
virus B (FluB), human bocavirus (HBoV), human coro-
naviruses (HCoV), human parainfluenza virus 1 (PIV1),
human parainfluenza virus 2 (PIV2), human parainflu-
enza virus 3 (PIV3), and human parainfluenza virus 4
(PIV4).
For nucleic acid extraction, after pretreatment

(addition of 3.6ul cRNA and 56ul elution buffer AVE de-
rived from Quagen GmbH), the samples were taken for
nucleic acid extraction (including DNA and RNA) using
an automated nucleic acid extractor, and the extracted
nucleic acids were stored at − 70 °C. This was then

followed by nucleic acid amplification during which the
nucleic acid extraction solution was added to Master
Mix (including RT-PCR Enzyme mix, Rnase free water,
RT PCR buffer, Primer mix and dNTP mix) and placed
in nucleic acid amplification apparatus for 15 pre-cycles
to increase viral load, and then run 36 cycles. The viral
nucleic acid amplification product was then placed in
Luminex to detect whether there is a positive viral nu-
cleic acid according to the manufacturer’s instructions.

Variables
For this study, patient characteristic information in-
cluded gender, age, season of admission and clinical
diagnosis. Diagnosis of upper respiratory tract infections,
croup and lower respiratory tract infections were made
and confirmed by attending doctors at the Department
of Pediatrics based on the patients’ clinical presentation.
The viral pathogens were as reported in the results of
the nasopharyngeal swab tests using xMAP multiplex
assays.

Data analysis
Excel and SPSS 24.0 statistical software were used for
data processing and analysis, Chi-square test and Fisher’s
test were used to compare the differences in classifica-
tion variable distribution. Logistic regression analysis
was used to analyze the relationship between independ-
ent predictors (viruses detected by the xTAG Respira-
tory Viral Panel FAST v2) and the outcome (clinical
diagnosis made by the attending doctors) when p < 0.05
was considered statistically significant. To assess the
goodness of fit of the logistic regression model, the
Hosmer-Lemeshow test was used (p = 0.77 > 0.05, indi-
cating no significant difference between the predicted
value and the observed value), results of which suggested
that the goodness of fit of the model was fair.

Ethics statement
Ethics approval has been granted (No.2020–003) by the
Research Ethics Committee of Kiang Wu Hospital. All
the data were collected retrospectively and anonymized
in a standardized case report form in the hospital
database.

Results
Demographic characteristics and clinical diagnosis
In this study, 4880 pediatric patients hospitalized for
ARIs admitted between January 1, 2014 and December
31, 2017 were recruited (Table 1). Among them, 3767
were tested positive for at least one virus for the respira-
tory viruses tested (77.2%). The prevalence of viral infec-
tion was higher among male (n = 2120, 56.3%) or
patients aged between 1 to younger than 3 years old
(n = 1962, 52.1%). Major clinical diagnosis of viral ARIs
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included lower respiratory tract infection (n = 1924,
51.1%) and upper respiratory tract infection (n = 1720,
45.7%). Overall, the admission rate of ARI patients test
positive for viral infection peaked in spring during the
study period (n = 1059, 29.1%).

Viral etiology
The results about the viral etiology and the epidemio-
logical data based on the patients in this study are re-
ported in the following in terms of the viral distribution
by gender, age, hospital admission time and clinical diag-
nosis (with more detailed information provided in the
Supplement).

Overall viral etiology
The most common viruses detected were HRV/EV (n =
1336, 35.5%), ADV (n = 771, 20.5%), RSVB (n = 379, 10.1%),
RSVA (n = 376, 10.0%), HMPV (n = 334, 8.9%) and Flu A
(n = 302, 8.0%) (Table 2). Among the viral infection cases,
3091 cases were single infection (82.1%) and 676 cases were
multiple viruses infection cases (17.9%) which were mostly
double-virus infection (n = 656, 97.0%). The viruses most
commonly involved in multiple-virus infection included
HRV/EV (n = 457), ADV (n = 226), and HBoV (n = 159).

Viral etiology and gender
The detection rate of viral infection appear to be com-
parable between male (2120/2707, 78.3%) and female

Table 1 Demographic and clinical characteristics of study participants

Parameter Patients with ARIs (n =
4880)

Viral infection

Yes
(n = 3767)

No
(=1113)

Counts % Counts % Counts %

Gender

Male 2707 55.5% 2120 56.3% 587 52.7%

Female 2173 44.5% 1647 43.7% 526 47.3%

Age group (years)

0- < 1 (infant) 857 17.6% 673 17.9% 184 16.5%

1- < 3 (toddler) 2407 49.3% 1962 52.1% 445 40.0%

3- < 6 (preschool child) 1222 25.0% 908 24.1% 314 28.2%

≥ 6 (school child) 394 8.1% 224 5.9% 170 15.3%

Season of admission

Spring 1406 28.8% 1095 29.1% 311 27.9%

Summer 1306 26.8% 944 25.1% 362 32.5%

Autumn 1176 24.1% 960 25.5% 216 19.4%

Winter 992 20.3% 768 20.4% 224 20.1%

Clinical diagnosis

Upper respiratory tract infection 2383 48.8% 1720 45.7% 663 59.6%

Croup 141 2.9% 123 3.3% 18 1.6%

Lower respiratory tract infection 2356 48.3% 1924 51.1% 432 38.8%

Table 2 Infection situation of 13 common respiratory viruses from Jan 2014 to Dec 2017 in Macao

Total (N = 4880) Positive HRV/EV ADV RSVB RSVA HMPV FluA HBoV PIV3 FluB PIV1 HCoV PIV4 PIV2

Total infection cases (n) 3767 1336 771 379 378 334 302 251 237 139 134 131 44 29

Total infection cases (%) 77.2% 27.4% 15.8% 7.8% 7.8% 6.8% 6.2% 5.1% 4.9% 2.9% 2.8% 2.7% 0.9% 0.6%

Single infection cases (n) 3091 866 536 294 292 265 256 82 154 130 98 66 28 24

Single infection cases (%) 82.0% 64.8% 69.5% 77.6% 77.3% 79.3% 84.8% 32.7% 65.0% 93.5% 73.1% 50.4% 63.6% 82.8%

Multiple infection cases (n) 676 470 235 85 86 69 46 169 83 9 36 65 16 5

Multiple infection cases (%) 18.0% 35.2% 30.8% 22.4% 22.8% 18.3% 15.2% 67.3% 35.0% 6.5% 26.9% 49.6% 36.4% 17.2%

Multiple infection with 2 viruses (n) 656 457 226 80 82 66 44 159 77 9 36 59 13 4

Multiple infection with 3 viruses (n) 18 11 8 5 4 2 2 8 5 0 0 5 3 1

Multiple infection with 4 viruses (n) 2 2 1 0 0 1 0 2 1 0 0 1 0 0
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patients (1647/2173, 75.8%) (Fig. 1). The most common
viruses among patients with viral infection were: for
male, HRV/EV (n = 774/2521, 30.7%), ADV (n = 423/
2521, 16.8%), RSVB (n = 220/2521, 8.7%) and RSVA (n =
212/2621, 8.4%), and for female, HRV/EV (n = 562/1944,
28.9%), ADV (n = 348/1944, 17.9%), RSVA (n = 166/
1944, 8.5%) and RSVB (n = 159/1944, 8.2%).

Viral etiology and age
The detection rate of viral infection was highest among tod-
dlers (1962/2407, 81.5%), followed by infants (673/857,
78.5%), preschool children (908/1222, 74.3%) and school
children (224/394, 56.9%) (Fig. 2). The most common vi-
ruses in each age group were: for infants, HRV/EV (n =
238/673, 35.3%), RSVA (n = 109/673, 16.2%) and RSVB
(n = 103/673, 15.3%); for toddlers, HRV/EV (n = 710/1962,
36.2%), ADV (n = 333/1962, 17.0%) and RSVA (n = 243/
1962, 12.4%); for preschool children, ADV (n = 321/908,
35.4%), HRV/EV (n = 318/908, 35.0%) and FluA (n = 93/
908, 10.2%); and for school children, ADV (n = 81/224,
36.2%), HRV/EV (n = 70/224, 31.3%) and FluB (n = 32/224,
14.3%). HRV/EV was the most common virus detected
across all age groups, and so was ADV (except for infants).

Viral etiology and seasonality
The detection rate of viral infection was the highest in
autumn (960/1176, 81.6%), followed by spring (1095/
1406, 77.9%), winter (768/992, 77.4%), and summer
(944/1306, 72.3%) (Fig. 3). The most common viruses
detected in each season included: for spring, HRV/EV
(347/1095, 31.7%), HMPV (n = 196/1095, 17.9%), and
ADV (n = 189/1095, 17.3%); for summer, HRV/EV (n =
329/944, 34.9%), ADV (n = 254/944, 26.9%) and Flu A
(n = 108/944, 11.4%); for autumn, HRV/EV (n = 415/960,
43.2%), HBoV (n = 167/960, 17.4%) and ADV (n = 154/

960, 16.0%); and for winter, HRV/EV (n = 245/768,
31.9%), ADV (n = 174/768, 22.7%), and RSVA (n = 102/
768, 13.3%) (Fig. 3). HRV/EV and ADV were the most
common viruses detected across all 4 seasons.
The monthly distribution of virus detection rate over the

past 4 years showed that viruses could be detected in all
months of the study period and demonstrated a seasonality
pattern. In general, the number of hospitalized children for
ARIs was the highest in spring (n = 1406) and summer (n =
1306), but the virus detection rate was the highest in au-
tumn (960/1176, 81.6%) and the lowest in summer (944/
1306, 72.3%) (X2 = 31.465, p < 0.001) (Fig. 4).

Viral etiology and clinical diagnosis
Overall, The detection rate of viral infection was highest
among ARI patients presented with croup (123/141,
87.2%), followed by lower respiratory tract infections
(LRTIs) (1924/2356, 81.7%) and upper respiratory tract
infections (URTIs) (1720/2383, 72.2%). The most com-
mon viruses detected in each of the clinical diagnosis
were: for croup, HRV/EV (25%), PIV1 (20%) and PIV3
(14%); for lower respiratory tract infection, HRV/EV
(31%), RSVB (14%), RSVA (13%) and HMPV (12%); and
for upper respiratory tract infection, ADV (30%), HRV/
EV (29%) and Flu A (12%) (Fig. 5).
Logistic regression analysis showed that infection with

FluA, FluB and ADV were positive factors for URTIs.
On the other hand, infection with RSVA, RSVB, PIV3,
PIV4, HMPV, and EV/RHV were positively associated
with LRTIs; and PIV1, PIV2, and PIV3 were positively
associated with croup as shown in Table 3.

Discussion
This study investigated the viral etiology and epidemiology
of pediatric patients hospitalized for ARIs in Macao for 4
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consecutive years and confirmed the importance of re-
spiratory viruses among the children population. Of the
4880 patients admitted in this study, 77.2% tested positive
for at least 1 virus, and the principal pathogens were
HRV/EV (35.5%), ADV (20.5%), RSV B (10.1%) and RSV
A (10.0%). These findings are different from what had
been reported in areas nearby [22–24] affirming the justi-
fication for this study. At least 4 out of 5 toddlers (1- < 3
years old) tested positive for viral infection representing
more than half of viral infections (52.1%) which was in line
with previous studies [22, 23, 30]. It is also worth noting
that in this study: (1) HRV/EV was the common pathogen
and caused most of the upper or lower respiratory tract
infections; (2) RSVA and RSVB mostly affected patients
under 3 years old and were more likely to cause lower re-
spiratory tract infections; and (3) ADV were mostly found
in patients aged 1 year old or older and was more likely to
cause upper respiratory tract infections.

The detection of respiratory viruses among hospital-
ized pediatric patients in Macao reached 77.1% (3767/
4880), which is much higher than that was reported in
neighboring areas such as Guangzhou (55.7% or 2361/
4242) [22] and Shenzhen (14.55% or 4428/30,443) [23],
and other parts of China such as Shanghai (24.5% or
691/2819) [30] and Chengdu (51% or 900/1764) [21]. Al-
though different study designs (such as patient age
groups, detect method, virus typing and admission cri-
teria, etc.) prevented direct comparisons of the findings,
the small geographical territory, high population density,
immune status, age structure, virus contact rates and cli-
mate characteristics of abundant heat and water vapor
may help explain the discrepancies [31].
Considering that respiratory viruses are spread via

contact, droplet, and aerosol transmission [32], modifi-
able factors such as proper personal and environmental
hygiene practice are crucial prompting the need for
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public education. Moreover, knowledge about respira-
tory viral etiology is also important to the differentiation
between bacterial infections and viral infections [33].
The use of antibiotics in viral infections does not im-
prove the clinical outcomes but will instead deteriorates
the issues around antimicrobial resistance. Decreasing
the use of unnecessary antibiotics is the key to combat-
ing antimicrobial resistance [34]. Informing clinicians’
decision about rational prescribing of antibiotics with
the local viral etiology characteristics not only benefits
patients’ clinical outcomes but will also contribute to a
reduction of resistance [35]. Moreover, the high detec-
tion rate of virus may pose a serious threat to the public
health warranting an effective and rigorous surveillance
system to allow early detection and timely management
[36].
Amongst children ill enough from ARIs to be hospital-

ized in this study, HRV/EV were the most frequently

identified viruses. This was supported by previous stud-
ies that revealed HRV/EV was the common pathogens
responsible for respiratory infections among children
[37, 38]. Although HRV/EV was traditionally associated
with upper respiratory tract disease, this study shows
that HRV/EV was also associated with lower respiratory
tract disease [39]. These findings can be used to support
clinicians’ decisions about careful and timely manage-
ment of the respiratory conditions in order to prevent
substantial morbidity associated with severe viral re-
spiratory infection due to HRV/EV in children as re-
ported in previous studies [40].
The findings that RSVB and RSVA were also major

etiology in young hospitalized patients with ARIs were
consistent with study results from China and other
countries [41, 42]. RSV with lower respiratory tract in-
fections are a major worldwide threat with a high socio-
economic burden for children under 5 years of age [13].
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This indicated that the prevention strategies for RSV in-
fection could have an important implications for public
health in Macao. At present, palivizumab, a monoclonal
antibody used in the prevention of RSV infection, is
available. Evidence has suggested that palivizumab as
RSV prophylaxis is cost-effective [43] but is nevertheless
expensive and may need to be paid out-of-pocket.
Current evidence-based global management guidelines
also showed that challenges remain for their clinical pre-
vention and treatment [15, 44, 45]. Therefore, more sup-
port is needed to enable children especially those at high
risk of viral infection to receive the treatment to prevent
serious upper and lower respiratory tract infections.
This study also shows that ADV respiratory infections

were common especially for those aged between 1 and 5
years, which is similar to previous study reports [46, 47].
The present data also showed that ADV infections af-
fected boys and girls similarly while previous studies
have suggested otherwise [48]. For this, more extensive
viral etiology studies would be needed to investigate if
gender is indeed a factor with regards to ADV infections.
On the other hand, Flu are worth further discussion as
they are a major cause of morbidity and mortality for
children especially those with certain comorbidities [49,
50]. The detection rate of Flu A/B among hospitalized
children with ARIs was estimated at 9.1% in this study,
which appeared to be higher than 8.9% in Beijing and
Shanghai [20] and the global estimates reported in a sys-
tematic review of 100 studies which found that influenza
virus accounted for 5% of acute lower respiratory infec-
tion hospital admissions [51]. Although direct compari-
son of these results is not appropriate due to disparities
in the study design and variations in influenza activity

across different times, regions and populations, it is safe
to say that Flu remains one of the important health
threats to pediatric population in Macao. In order to re-
duce influenza-related infections and hospitalization, the
Macao SAR Government promotes seasonal flu vaccin-
ation and provides free influenza vaccines to people aged
from 6months to 18 years, 50 years or above and other
high-risks populations [52]. The Health Bureau even
sends medical teams to schools and nurseries to deliver
flu vaccine to both students and teachers. Nevertheless,
the vaccination rate for children is not 100% and the
number of children infected with influenza viruses re-
quiring hospitalization remained relevant. For this, both
hospital-based [53] and community-based interventions
should be reinforced to promote the uptake of influenza
vaccines among children to prevent influenza infections
and related hospitalization [54].
In terms of multiple infections, 17.95% of the pediatric

patients in this study were infected with at least two vi-
ruses involving mostly HRV/EV, ADV and HBoV. Simi-
larly, multiple infection cases have also been reported
elsewhere such as Guangzhou (21.3%) [22], and Shantou
(46.9%) [55]. While some studies suggested that mul-
tiple infections were associated with increased hospital
admissions, intensive care unit admissions, lengthened
duration of hospitalization, and prolonged mechanical
ventilation use [56–58], some other studies concluded
that there was no significant difference between chil-
dren with single and multiple respiratory viral infec-
tions in terms of the clinical disease severity, the
length of hospital stay, admission to the intensive care
unit, need for mechanical ventilation, oxygen require-
ments, and death [59–61].

Table 3 Logistic regression analysis of associations between respiratory viruses and clinical diagnosis

Virus Upper respiratory tract infections
(N = 2383)

Croup
(N = 141)

Lower respiratory tract infections
(N = 2356)

n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

RSVA 64 (1.3%) 0.16 (0.12–0.21) 302 (6.2%) 5.50 (4.20–7.20)

RSVB 46 (0.9%) 0.11 (0.08–0.15) 325 (6.7%) 8.40 (6.19–11.40)

FluA 235 (4.8%) 2.88 (2.15–3.86) 58 (1.2%) 0.31 (0.23–0.42)

FluB 120 (2.5%) 4.89 (2.98–8.04) 17 (0.3%) 0.19 (0.11–0.32)

PIV1 40 (0.8%) 0.31 (0.21–0.46) 30 (0.6%) 17.20 (10.30–28.75)

PIV2 8 (0.2%) 22.22 (9.24–53.47)

PIV3 89 (1.8%) 0.52 (0.39–0.69) 21 (0.4%) 5.34 (3.13–9.12) 127 (2.6%) 1.40 (1.06–1.85)

PIV4 14 (0.3%) 0.37 (0.19–0.72) 28 (0.8%) 2.38 (1.26–4.50)

HMPV 65 (1.3%) 0.18 (0.14–0.24) 264 (5.4%) 5.43 (4.09–7.20)

HRV/EV 587 (12.0%) 0.63 (0.55–0.73) 712 (14.6%) 1.54 (1.33–1.79)

ADV 603 (12.4%) 3.41 (2.81–4.14) 4 (0.1%) 0.22 (0.08–0.61) 164 (3.4%) 0.31 (0.26–0.38)

HCoV 8 (0.2%) 3.60 (1.67–7.73) 50 (1.0%) 0.63 (0.42–0.92)

HBoV 71 (1.5%) 0.37 (0.28–0.50) 175 (3.6%) 2.70 (2.01–3.61)

Only the variables with p < 0.05 were shown
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The seasonality was also another attribute about the
viral etiology observed in this study. Overall, the virus
detection peaked in spring and was at trough in autumn.
Detailed analysis of single virus showed that the preva-
lence of HRV/EV was persistently high throughout the
whole year, with ADV peaked in summer and winter,
and RSV peaked in autumn and winter. Similar findings
have also been reported about China [23, 62] and
Belgium [63]. However, the detection rate of influenza
viruses was mainly prevalent in spring and summer,
which were very different from the research findings
even in neighboring areas [22, 24]. This indicated that
even in the same climate zone, different areas might
have different virus epidemic characteristics. Knowledge
about influenza viruses seasonality dynamics is excep-
tionally important for informing the optimal schedule
for vaccination [64, 65] and the rational inventory and
use of antivirals [66–68]. For the influenza vaccine or
other new virus vaccines, low incidence seasons may
represent a target window for vaccination so that the
population immunity may be maximized before the on-
set of the influenza season, and the number of severe
outcomes associated with viral infection may be mini-
mized [69]. Whenever the prophylactic treatment is
available, the first dose should be given before the season
starts [70].
There were some limitations in this study. Firstly,

HRV and EV belong to the same virus family, most com-
mon detection equipment does not separate the two vi-
ruses [24, 62]. The equipment of our study also put
them in the same category, so they can only be studied
by combining data. Secondly, no outpatient cases were
included in this study, which would affect the integrity
of the pathogen profile. Kiang Wu hospital patient popu-
lation might only represent half of the Macao patient
population. The findings of this study can serve a
good indication about population-based viral etiology
among children in Macao and it can provide import-
ant reference for local further research or Pearl River
Delta which has a similar geographical environment
and population structure. In the further research, we
will continue to investigate the association of virus
epidemic with meteorological factors and air pollut-
ants, to seek reasonable explanations. Due to the na-
ture of the dataset available for this study, only
retrospective and descriptive analysis was possible
which fell short to test any hypotheses to address
some of the utmost knowledge gaps regarding patho-
gens. However, having this first study about viral eti-
ology among pediatric inpatients in Macao, future
studies have been planned to investigate the associ-
ation between viral-viral co-infection and severity of
ARIs, and the impact of influenza vaccination on the
incidence of ARIs.

Conclusions
In conclusion, to the best of our knowledge, our study is
the first study in Macao to determine the viral etiology
and epidemiology of pediatric patients hospitalized for
ARIs. The study findings can contribute to the aware-
ness of pathogen, appropriate preventative measure, ac-
curate diagnosis, and proper clinical management of
respiratory viral infections among children in Macao. At
the same time, the information may contribute to the
authorities for setting up future public health plans and
guide further research in this area.
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