RESEARCH FUND FOR THE CONTROL OF INFECTIOUS DISEASES

Influenza-like illness and viral aetiology in Hong
Kong children
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KEY MESSAGES

1. Respiratory viruses are frequently detected in
paediatric outpatients in Hong Kong, and non-
influenza viruses appear to be associated with a
much greater burden on ambulatory care than
influenza A and B viruses do.

2. Increased detection of respiratory syncytial
virus, parainfluenza, adenovirus, and bocavirus
among inpatients suggest that these viruses may
be associated with more severe illnesses than
influenza and rhinovirus are, particularly in
younger children.

3. Given the substantial burden of respiratory

viruses other than influenza, more attention
should be given to potential measures to control
these diseases in Hong Kong.
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Introduction

Respiratory viruses are responsible for a large
proportion of infections, hospitalisations, and deaths
everyyear in Hong Kong."* The most severe infections
are usually due to respiratory syncytial virus (RSV) in
infants and influenza in all ages. The burden of other
common respiratory viruses including parainfluenza,
adenovirus, metapneumovirus, coronavirus, and
rhinovirus are also considerable.!* These viruses
often result in a broad and overlapping spectrum
of symptoms commonly called the ‘common cold!
Only a few of the most severe infections result
in hospitalisation. Previous studies have focused
mainly on infections among hospitalised patients.!*
Nonetheless, some community-based studies of
respiratory viral infections were conducted prior
to the availability of molecular diagnostics and the
discovery of certain respiratory pathogens such as
human metapneumovirus, coronaviruses NL-63 and
HKU1, and bocavirus. Limited data specific to the
community viral burden in Hong Kong are available,
except for those about influenza virus, for which
good local surveillance data exist.

This study aimed to characterise the incidence
of common respiratory viruses in children that lead
to influenza-like illness and compare paediatric
outpatient with inpatient data.

Methods

The study protocol was approved by the Institutional
Review Board of the University of Hong Kong. Proxy
written consent from parents or legal guardians was
obtained for participants aged 16 years and younger,

with additional written assent from those aged 8 to
16 years.

We conducted a large field study of influenza
transmission within households in the years 2007-
2010.>7 The inclusion criteria were (1) Hong Kong
residents, (2) presenting two or more symptoms of
acute respiratory illness, including body temperature
of 237.8°C, headache, cough, sore throat, myalgia,
runny nose, or phlegm, (3) onset of symptoms within
the preceding 48 hours, (4) living in a household
with at least two other people, and (5) all household
members, except for the index subject, being free
from acute respiratory illness in the past 2 weeks.

Patients were asked to complete a short data
collection from. A combined nasal and throat swab
was then collected and tested with the QuickVue
Influenza A+B rapid diagnostic test (Quidel, San
Diego, California). The household contacts of patients
with positive results received further follow-up. In
the present analysis, we focus only on the specimens
collected from patients at the clinic. While waiting
for the rapid test result (5-10 minutes), an additional
nasal and throat swab specimen was collected and
stored immediately in a viral transport medium for
subsequent virological testing.

We compared our results with those of another
study in which paediatric inpatients were recruited
from two public hospitals (Pamela Youde Nethersole
Eastern Hospital and Queen Mary Hospital)
from January to September of 2008 to 20102
Nasopharyngeal aspirates were obtained and tested
by the same XTAG assay for respiratory viruses as the
outpatient specimens were.

The primary outcome measure was respiratory
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virus infection in participants, indicated by positive
multiplex assay results from the combined nasal
and throat swab. The secondary outcome measure
was presentation of influenza-like-illness-related
symptoms (body temperature =37.8°C, headache,
sore throat, cough, runny nose, myalgia, and
phlegm).

Each specimen was stored in viral transport
medium (5%bovineserumalbuminin Earle’sbalanced
salt solution with antibiotic) and kept at 2-8°C
immediately after collection, then cryopreserved at
-70°C within 36 hours. The specimens were tested
for 18 respiratory viruses (influenza A and B, RSV
A and B, parainfluenza types 1-4, metapneumovirus,
enterovirus/rhinovirus, adenovirus, bocavirus,
coronavirus types NL63, HKU1, 229E, and OC43)
by the xTAG RVP FAST multiplex assay followed
by product detection and identification using a
Luminex suspension microarray. Total nucleic acids
were extracted from the clinical specimens using
NucliSens easyMAG extraction system (bioMerieux,
Netherlands) according to the manufacturer’s
instructions. The extracted nucleic acids were tested
for respiratory viruses.

Detection frequencies in children aged 0-5
and 6-16 years were compared using Chi-squared
tests, with 95% confidence intervals obtained using
the exact binomial method. Associations between
individual respiratory viruses and clinical symptoms
were determined by cross-tabulating the proportion
of influenza-like-illness-related symptoms presented
with each type of virus detected. The differences
between certain symptom onset rates were
compared among viruses using Chi-squared tests.
For virus detection frequencies, outpatient data were
compared with inpatient data using Chi-squared
tests, with 95% confidence intervals obtained using
the exact binomial method.

Results

Of the 2700 children recruited between 2007
and 2010, 2090 (77%) provided specimens that
were extracted and tested for respiratory viruses.
Children recruited in each year had similar
baseline characteristics (data not shown). Of the
2090 specimens, 1343 (64%) were positive for at
least one respiratory virus, among which 81 (6%)
were positive for more than one respiratory virus
(Table 1). The most common viruses detected were
entero/rhinovirus and influenza A virus. In the 81
specimens with co-detection, many were positive
for entero/rhinovirus. One notable co-detection was
coronavirus and influenza A. Two specimens had
three viruses detected: one with entero/rhinovirus,
metapneumovirus, and RSV B and another with
entero/rhinovirus, parainfluenza type 4, and RSV A.

Influenza A and B viruses were significantly
more frequently detected in children aged 6-16
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years, whereas rhinovirus, metapneumovirus, RSV,
parainfluenza, adenovirus, and bocavirus were more
frequently detected in children aged 0-5 years (Table
2). Nonetheless, we could not identify consistent
seasonal patterns for any of the respiratory viruses
across the 4 study years (data not shown). Many of the
viruses appeared in epidemics (including influenza
A and B and parainfluenza), but the timing of the
epidemics differed from year to year. Other viruses

(including entero/rhinovirus,

metapneumovirus,

and coronavirus) appeared throughout most years.
Both younger and older children infected
with influenza A, influenza B, or adenovirus had a
significantly higher chance of presenting with fever,
whereas those infected with metapneumovirus or
RSV had a significantly higher chance of presenting
with coughing (Table 3). Among children infected
with influenza A or B, 70% to 80% presented with
both fever and cough or sore throat, compared with
50% among children infected with other viruses.
Our study’s outpatient data were compared

TABLE |. Detection of respiratory viruses among 2090 paediatric outpatients

Virus type

Detection rate
(95% confidence
interval)

Co-infection rate
among positive
detection (95%

confidence interval)

Entero/rhinovirus

Influenza A

Influenza B

Metapneumovirus

Respiratory syncytial virus A and B
Parainfluenza types 1-4
Coronavirus

Adenovirus

Bocavirus

23.4 (21.6-25.3)

12.7 (9.8-15.9)

(

19.6 (17.9-21.3) 8 (6.2-12.0)
3 (5.3-7.4) 1(2.7-11.6)
3 (4.4-6.4) 2 (3.2-13.7)
9 (4.0-5.9) 19.4 (12.3-28.4)
0(2.3-3.8) 5 (3.6-19.6)
8 (2.2-3.6) 22.0 (12.3-34.7)
5(1.9-3.3) 11.3 (4.3-23.0)
3(0.1-0.6) 83.3 (35.9-99.6)

TABLE 2. Comparison of virus detection between children aged 0-5 years and 6-16

years
Virus type Detection rate (95% confidence P value
interval)
Age 0-5years Age 6-16 years
(n=822) (n=1268)
Entero/rhinovirus 28.5(25.4-31.7) 20.2 (18.0-22.5) <0.01
Influenza A virus 14.5(12.1-17.1) 22.9 (20.6-25.3)  <0.01
Influenza B virus 3.8 (2.6-5.3) .0 (6.5-9.6) <0.01
Metapneumovirus 8.4 (6.6-10.5) .3 (2.4-4.5) <0.01
Respiratory syncytial virus Aand B 10.9 (8.9-13.3) .0 (0.5-1.7) <0.01
Parainfluenza 5.1 (3.7-6.8) .7 (1.0-2.5) <0.01
Coronavirus 2.3 (1.4-3.6) 2 (2.3-4.3) 0.32
Adenovirus 3.5 (2.4-5.0) .9 (1.2-2.8) 0.03
Bocavirus 0.7 (0.3-1.6) .0 (0.0-0.3) 0.01
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TABLE 3. Association between individual respiratory viruses and clinical symptoms by age group

Symptoms

Proportion

P value

Entero/
rhinovirus

Influenza Influenza Metapneu-
A B

Respiratory
movirus syncytial virus influenza
Aand B

Boca-
virus

Corona Adeno-
virus virus

Para-

Age 0-5 years, n

Body temperature =37.8°C

Headache
Sore throat
Cough
Myalgia
Runny nose
Phlegm

Age 6-16 years, n

Body temperature =37.8°C

Headache
Sore throat
Cough
Myalgia
Runny nose

Phlegm

234
0.44
0.09
0.32
0.84
0.09
0.90
0.46

256
0.38
0.38
0.61
0.74
0.22
0.86
0.52

119
0.83
0.15
0.42
0.85
0.15
0.81
0.49

290
0.80
0.45
0.65
0.86
0.31
0.82
0.64

31
0.81
0.26
0.29
0.74
0.16
0.84
0.35

101
0.82
0.59
0.50
0.81
0.39
0.87
0.63

69
0.52
0.06
0.28
1.00
0.09
0.74
0.55

42
0.43
0.33
0.52
0.98
0.19
0.76
0.81

90
0.48
0.10
0.30
0.97
0.07
0.86
0.72

13
0.46
0.15
0.62
0.85
0.00
0.92
0.69

42
0.62
0.12
0.36
0.76
0.07
0.74
0.36

21
0.57
0.38
0.67
0.71
0.19
0.76
0.48

19
0.47
0.05
0.37
0.63
0.05
0.84
0.32

40
0.50
0.48
0.72
0.80
0.30
0.82
0.65

29
0.83
0.24
0.48
0.59
0.14
0.69
0.34

24
0.75 -
0.50 =
0.54 -
0.54 -
0.25 -
0.67 =
0.33 -

0.50
0.17
0.33
1.00
0.00
0.83
0.67

<0.01
0.02
0.34
<0.01
0.37
0.01
<0.01

<0.01
<0.01

0.11
<0.01
<0.01

0.27
<0.01
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with inpatient data from two public hospitals from
January to September of 2008 to 2010. Among
both younger and older children, inpatients had a
significantly higher chance of RSV A and B detection
than outpatients had. Among children aged 0-5
years, inpatients had a significantly higher chance of
parainfluenza, adenovirus, and bocavirus detection
than outpatients had (data not shown).

Discussion

Many studies have confirmed the substantial
morbidity and mortality burden associated with
influenza virus. Nonetheless, studies of respiratory
viruses such asrhinovirus, parainfluenza, adenovirus,
and RSV are limited. These viruses are also associated
with a substantial burden perhaps exceeding that of
the influenza virus in certain age groups.® Influenza
vaccination is effective at preventing influenza
virus infection and associated morbidity in most
age groups. Nonetheless, no licensed vaccines are
available for these other respiratory viruses.

In our study, among children aged 6-16 years,
entero/rhinoviruses and influenza A were the
most common causes of outpatient visits for acute
respiratory illness. Among younger children, there
was a broader range of common viral aetiologies.
Overall, we identified at least one respiratory virus
in 64% of specimens. Almost all specimens were
collected within 48 hours of illness onset, so it is
unlikely that the patients had ceased virus shedding.
However, it is possible that the XTAG assay used had

imperfect sensitivity for some respiratory viruses. It
is unclear how the 6% prevalence of co-infections,
which may have special epidemiological significance,
should be interpreted.

In our study, we did not have an estimate of the
underlying population from which the outpatients
came, and therefore, the population-based incidence
of various viral infections cannot be estimated.
Among outpatients and inpatients aged 0-5 years,
RSV, parainfluenza, adenovirus, and bocavirus were
more frequently detected among inpatients than
outpatients. This suggests that these viruses may
lead to more severe illnesses than other respiratory
viruses. Previous studies have also identified similar
patterns for RSV and influenza in children in Taiwan®
and the United States.'

Influenza-like illness is defined as fever
plus cough or sore throat. Nonetheless, this case
definition lacks sensitivity and specificity for
influenza. We could not identify any differences
between the various respiratory viruses. Influenza A
and B and adenovirus infections were more likely to
cause febrile illness (Table 3).

Influenza has a seasonal pattern with activity
peaks in the winter and summer in most years,
whereas RSV tends to occur in the summer months.
Nonetheless, we could not identify any consistent
seasonal pattern. Another study with a longer
timeframe reported consistent patterns in RSV and
parainfluenza activity in Hong Kong prior to the
2009 influenza pandemic and noted that the seasonal
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patterns of respiratory viruses were disrupted after
2009.1

One study has reported detection of respiratory
viruses in the respiratory tracts of children who were
not ill and questioned the role of some respiratory
viruses in causing disease.'”? Further studies are
needed to determine the pathogenicity of viruses
that are not known to be pathogenic. In our other
study, we commonly detected respiratory viruses
in children with acute respiratory illness, but we
rarely detected respiratory viruses in children
who were not ill."® Preliminary results provide
indirect evidence that virus detection in children
with medically attended acute respiratory illness
is consistent with the pathogenicity of the viruses
detected. A limitation of our study is that detailed
clinical data were not accessed for either outpatients
or inpatients.

In terms of disease control, improved control
of respiratory virus transmission in schools and
increased frequency of disinfection of common
surfaces in public areas are suggested. Our findings
on the substantial outpatient burden of RSV and
data on the burden of hospitalisations and deaths
associated with RSV are useful for calculating the
cost-effectiveness of an RSV vaccine. Treatment
for acute respiratory illnesses is largely empirical
and focused on management of specific symptoms.
An understanding of viral aetiology may be used in
campaigns to reduce antiviral prescription rates and
preserve antibiotics.

Conclusions

The RSV was frequently detected in inpatients
and outpatients with acute respiratory illness.
The symptoms of parainfluenza and adenovirus
infections were generally more severe than those of
influenza virus and rhinovirus infections. Further
studies are needed to clarify the annual burden of
these viruses across the full spectrum of disease,
including ambulatory care, inpatient care, intensive
care, and mortality.
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