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Enhancing measles surveillance with integration of epidemiologic and laboratory information is one of the key
strategies for accelerated measles control and elimination. The World Health Organization (WHO) Global
Measles and Rubella Laboratory Network (LabNet) has been developed since 2000 to currently include 690
laboratories serving 183 countries. The LabNet testing strategy follows well-validated, standardized procedures
for confirming suspected cases and for monitoring measles and rubella virus transmission patterns. The
strength of the LabNet is a strong quality assurance program that monitors the performance of all laboratories
through annual proficiency testing and continuous assessment. In the 5-year period 2005-2009, the results of
>1 million measles immunoglobulin M (IgM) tests have been reported by the LabNet and, in addition,
sequence information on >7000 measles and 600 rubella viruses has been shared. Progress with the

development of the LabNet during 2005-2009 is discussed.

Progress with measles control since the year 2000 has
been dramatic. It is estimated that >4.5 million measles
deaths have been prevented as of 2008 through im-
plementation of the strategies developed by WHO and
the United Nations Children’s Fund [1]. Four World
Health Organization (WHO) regions (Americas [AMR],
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Eastern Mediterranean [EMR], European [EUR] and
Western Pacific [WPR]) have established elimination
goals, and the WHO African Region (AFR) has de-
veloped strategies leading to an elimination goal that
they term “pre-elimination.” The Southeast Asian Re-
gion (SEAR) has a mortality reduction goal.

Enhancing measles surveillance with the integration
of epidemiologic and laboratory information is one of
the key strategies for accelerated measles control and
elimination, and the WHO Measles and Rubella Labo-
ratory Network (LabNet) has been established to pro-
vide timely and accurate data for the surveillance of
measles and rubella.

FUNCTION OF THE GLOBAL MEASLES
AND RUBELLA LABORATORY NETWORK

The LabNet plays a critical role in confirming suspected
cases of measles through the detection of specific im-
munoglobulin M (IgM) and testing measles-negative
cases for evidence of rubella infection. In addition,
identification and characterization of measles and
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rubella viruses provide information about the origin of out-
breaks, whether endemic or imported, which is required for
monitoring progress toward elimination.

As disease prevalence falls, medical personnel become less
experienced in recognizing clinical measles and rubella, thus
increasing the importance of laboratory methods to distinguish
measles and rubella from other diseases with similar clinical
presentations. The strategy of testing measles-negative cases for
rubella was developed primarily to enhance the measles sur-
veillance system in the WHO Region of the Americas. This
strategy revealed previously unrecognized widespread circula-
tion of rubella virus in many countries in the region. Further-
more, various studies indicated that the disease burden of
congenital rubella syndrome was significant in the Americas and
underscored significant morbidity from rubella and congenital
rubella syndrome in the Western hemisphere [2—4]. After
measles elimination was accomplished in the AMR in 2002,
a rubella elimination program was established using the same
strategies, including laboratory-based surveillance.

As of July 2010, the LabNet consists of 690 laboratories, all of
which follow a standardized set of testing protocols and repor-
ting procedures with a strong focus on quality assurance. The
structure of the LabNet was based on the successful polio lab-
oratory network [5] and was established in 4 tiers of laborato-
ries: national level (n = 162), regional reference (n = 19), global
specialized (n = 3), and subnational level (n = 506) (Figure 1).

The cornerstones of the LabNet are the national-level
laboratories, which provide timely and accurate case

o
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confirmation of suspected measles and/or rubella cases using
standard enzyme-linked immunosorbent assay (ELISA)-based
IgM detection from serum samples collected at first contact
with the health system. These laboratories are closely linked
with the national disease control programs and often are re-
sponsible for surveillance of other exanthematous diseases as
well, including dengue, parvovirus B19, and human herpes-
virus type 6. Differential testing for other exanthematous
disease can improve the interpretation of measles and rubella
test results, especially in low-incidence settings, By June 2010,
160 of the 193 member states of WHO had established na-
tional laboratories with a further 24, mostly countries with
small populations, served by another country’s laboratory.
Some large countries or those with logistical challenges in
transporting samples have established laboratories at the
subnational level to facilitate the timely testing and reporting
of results. For example, China has established 362 laboratories
at the first (n=31) and second (n=331) administrative levels
(provincial and prefecture, respectively) [6]. In 2009, the
Chinese laboratory network tested more than 86,000 serum
samples for measles and rubella IgM antibodies following the
same testing strategies and compréhensive quality assurance
and accreditation assessments as the remainder of the global
LabNet. '

Two or three regional reference laboratories have been. se-
lected in each WHO region. The regional reference laboratories
are regional centers of excellence that support the capacity
building of the national-level laboratories under their

Globd Specidised Laboratory

Regional Reference Laboratory
Nationd Laboratory
Subnational Laboratory

The boundaries and names shown and the designations used on this map do net implythe expression of any opinion whatsoeveron the part ofthe World Haalth Orgarization
concarning the legal status of any country,territory, oity o area or of its authorities, or concerning the delimittion ofits frordiers orboundaries.
Dotted lines on maps represent approximate border lines for which there maynot yet be #ill agreement. & WHO 2010. Allrights resenad

Figure 1. Location of laboratories belonging to the Measles and Rubella LabNet.
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responsibility and provide confirmatory testing of a proportion
of the samples tested by the national-level laboratories. They also
support genetic characterization of circulating wild-type viruses
to help monitor viral transmission pathways and progress to-
ward measles elimination. Global specialized laboratories are

, global centers of excellence that have been established in Japan,
the United Kingdom, and the United States. The global spe-
cialized laboratories contribute to the standardization of pro-
cedures and protocols, development and validation of new
techniques, and global capacity building through focused
training, and some provide financial support.

LABORATORY TESTING STRATEGIES

The standard LabNet test for measles and rubella confirmation is
the detection of IgM in serum, oral fluid, or eluates of dried
blood spots collected from suspected cases at their first contact
with a health facility [7]. For molecular testing, preferred sam-
ples are throat swabs or oral fluid for direct virus detection of
viral RNA by reverse-transcription polymerase chain reaction
assay. Throat swab samples are also used to isolate measles virus
in cell culture. Urine samples and peripheral blood mononuclear
cells can also be used for virus culture, although in practice these
have proven to be more difficult to collect, to transport, and to
process successfully. The LabNet has introduced the Vero/
hSLAM cell line as the standard for virus isolation, provided by
Dr Yanagi [8]. This cell line was demonstrated to be sensitive for
both wild-type measles and rubella virus culture [9](un-
published data from LabNet) and has proven to be easily han-
dled in the LabNet.

ELISA-based IgM detection in serum was established as an
accurate, simple, and rapid procedure to confirm cases of sus-
pected measles or rubella. Various commercial assays were
comprehensively validated [10], and assays with high sensitivity
and specificity are currently used by most national laboratories
in the LabNet. National and subnational laboratories in some
countries use¢ locally produced commercial assays. Locally pro-
duced assays in the United States, the Netherlands, Japan [11,
12], China, and the Russian Federation have been evaluated
(unpublished data from LabNet), some of which have shown
sensitivity and specificity comparable with the commercial
assays used by most laboratories in the LabNet.

A serum sample collected at first contact with a health facility
is considered the gold standard for measles IgM ELISA de-
tection, because sensitivity has been reported to be 77% within
72 hours after rash onset and 100% at 4 days [13]. Oral fluid and
dried blood samples have been used for enhancing the diagnosis
of numerous diseases [14-20] and have been considered for use
in the LabNet. The LabNet has comprehensively evaluated oral
fluid and dried blood sampling techniques, using IgM detection
for measles and rubella diagnosis and viral RNA detection and
sequencing for molecular surveillance, determining their

temperature stability outside the cold chain, and assessing their
ease of use [21, 22]. In 2010, five African countries (Benin, Cote
d’Ivoire, Kenya, Malawi, and Zimbabwe) began evaluating oral
fluid sampling techniques as a mechanism to enhance surveil-
lance through use of a single sample for both case confirmation
(IgM) and molecular surveillance (RNA). If results from the trial
are encouraging, this technique will be considered for in-
troduction to a larger number of countries in the region. Several
countries within the WHO Southeast Asian Region are also
considering trying the use of oral fluid samples to enhance
surveillance.

QUALITY ASSURANCE AND SURVEILLANCE
INDICATORS

Quality assurance is a major strength of the LabNet and includes
confirmatory testing of national and subnational laboratory
results, a global proficiency testing program, implementation of
in-house quality control measures, and an accreditation pro-
gram. The global proficiency testing program for the LabNet
began in 2000, and initially 38 laboratories were involved [23].
The proficiency testing serum panels consist of 20 samples from
patients with recent measles, rubella, or other exanthema and
are produced and analyzed by the Victorian Infectious Diseases
Reference Laboratory in Melbourne, Australia, one of the Lab-
Net’s regional reference laboratories for the Western Pacific
Region. In 2009, there were 220 laboratories participating in the
proficiency testing program, including all national, regional
reference, and global specialized laboratories, the 31 Chinese
provincial laboratories, and all subnational laboratories in the
Russian Federation, Turkey, and Ukraine. For measles, 98% of
laboratories achieved a passing score (=>90%), with 84% of
laboratories achieving 100%. For rubella, ‘the scores were 99%
and 94%, respectively.

Because the proficiency testing program provides a snapshot
of the accuracy of IgM testing, a continual assessment of a lab-
oratory’s testing accuracy was established through a confirma-
tory testing program. This program requires national and
subnational laboratories to forward annually a representative
sample (approximately 10% of all samples) to the designated
regional reference laboratory for repeat testing with an expected
concordance of >90%. The WHO accreditation program
monitors performance of laboratories on a continual basis, but
the assessment is expected to be completed annually. Seven
performance criteria are assessed: reporting timeliness of case
confirmation results, reporting timeliness of genetic character-
ization data, accuracy of results compared with the reference

~ laboratory, implementation of specified quality control proce-

dures, a passing score in the annual proficiency test, a minimum
number of 50 tests performed per year, and a passing score on
a comprehensive onsite review of the laboratory’s work practi-
ces. National laboratories and reference laboratories have similar
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criteria, but the expected passing scores are higher for the ref- -

erence laboratories.

The function of the accreditation program is not only to
monitor the quality of the LabNet but also, and most im-
portantly, to identify any capacity building that is needed and
to troubleshoot any problems that may have arisen. A labo-
ratory that achieves less than the passing score on any one of
the performance criteria will work with the WHO regional
laboratory coordinator to identify areas in which improve-
ment is needed and to develop and to implement a workplan
to reach the full accreditation benchmarks as soon as possible.
Quality assurance of serologic testing is comprehensive, and
plans have been developed for a similar program to ensure the
accuracy of molecular techniques and the sensitivity of virus
culture.

A number of the surveillance indicators that are used to assess
the quality of measles surveillance are dependant on laboratory
function. These indicators include the percentage of cases with
an adequate sample, the percentage of samples that arrive in the
laboratory within 3 days, the percentage of results reported
within 7 days, and the percentage of suspected cases discarded by
the laboratory. LabNet member laboratories have achieved the
target of 80% for most of these indicators; however, in some
regions obtaining adequate samples is difficult because of lo-
gistic problems or inadequate case investigations, and often
timely transportation of samples to the laboratory is difficult to
achieve.

LABNET COORDINATION

Coordination of the LabNet is a key facet to a successfully
functioning network. Communication among all levels of lab-
oratories is carried out through regular meetings, workshops,
and information exchange through telephone and email. Global
LabNet meetings have been held annually since 2001, and re-
gional laboratory coordination meetings are held in each of the 6
WHO Regions every 1-3 years. Each of the 6 WHO Regions has
a dedicated laboratory coordinator with expertise in virology
and experience with managing laboratory networks. These co-
ordinators are positioned in the regional or subregional offices,
and one is located in WHO headquarters. Their primary roles
are to work with Ministries of Health to assess and to select
appropriate laboratories, to expand the capacity and capability
of LabNet through standardized training activities, to ensure
laboratories are provided with appropriate equipment, to pro-
vide standardized supplies, to establish regular reporting struc-
tures, to perform accreditation reviews, and to coordinate the
resolution of any performance issues. The regional reference and
global specialized laboratories play a key role in strengthening
capacity through support of training, providing troubleshooting
advice, and developing and validating new technologies to im-
prove laboratory-based surveillance.

LABNET INTEGRATION AND CAPACITY
BUILDING

The LabNet was built on the experience gained from estab-
lishing the polio laboratory network and capitalized on the

.same infrastructure in a number of countries. In turn, the

measles and rubella LabNet has been used to build similar
laboratory-based surveillance networks globally. As of June
2010, these include laboratories focusing on yellow fever in
West and Central Africa (n=23), Japanese encephalitis in
SEAR (n=13) and WPR (n=9) (Figure 1), and human pap-
illomavirus infection (n=10) globally. The rotavirus labora-
tory network was established in the late 1990s in WPR and
SEAR and extended to all WHO regions by 2007, using
a similar proficiency testing and data sharing model [24-26].
The pediatric bacterial meningitis laboratory network for
Haemophilis influenzae type b surveillance, dating from the
early 2000s in the African region, used a similar proficiency
testing and data sharing program. There is considerable
overlap in personnel, laboratories, and institutions used for
these different surveillance activities. A number of measles
LabNet personnel have also been involved in the enhanced
global surveillance for pandemic influenza and in establishing
routine surveillance for seasonal influenza. The more recently
initiated global disease surveillance programs benefit from the
capacity developed in establishing the polio and measles and
rubella LabNets, especially through the linkages developed
with WHO and specialized laboratories, the provision of
standardized equipment and supplies, and the skills developed
through the extensive training programs implemented.

The capacity of the Measles and Rubella LabNet has de-
veloped rapidly, especially in the past 5 years. The number of
samples tested for measles IgM has increased from 119,000 in
2005 to 173,000 in 2009, with most of the increase in the
Western Pacific Region. The number of samples from SEAR is
expected to increase considerably after India begins case-based
surveillance (Figure 2). Approximately 67% of all samples were
also tested for rubella IgM, with approximately 400,000 IgM
tests being performed in total by the LabNet in 2008. In 2009,
there were 193,120 samples received for testing in the LabNet, of
which 327,082 tests were performed for measles and/or rubella
IgM antibodies (Table 1).

For monitoring and tracking molecular surveillance data,
genotype databases for measles and rubella were established at
WHO headquarters in 2006, which include genotype and basic

- epidemiologic data. As of 1 June 2010, 7675 measles viruses

from 123 ‘countries have been sequenced and key variables
submitted to this database, and details on 600 rubella viruses
from 36 countries have been submitted [27, 28]. In 2008, a joint
Health Protection Agency and WHO measles sequence database
(MeaNS) was also established, which included sequences from
4,200 viruses by 1 June 2010.
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Figure 2. Measles immunoglobulin M (IgM) samples tested per year, by World Health Organization region, 2005-09. Two large countries, India and
Pakistan, have yet to establish case-based surveillance. AFR, African Region; AMR, Americas Region; EMR, Eastern Mediterranean Region; EUR,
European Region; SEAR, Southeast Asian Region; WPR, Western Pacific Region.

RESOURCES

Resources for the LabNet are provided largely through bi-
lateral support mechanisms. Countries provide the in-
frastructure costs and cover staff salaries and overheads; and
WHO, with the aid of its partners—a key one of which is the
US Centers for Disease Control and Prevention—supports
training activities and assists laboratories in obfaining optimal
levels of equipment and supplies [29]. In some WHO Regions,
operational costs may be provided to priority countries in
addition to supplies and training.

DISCUSSION

The development of LabNet has progressed rapidly during the
past 10 years. The number of laboratories has increased from 60
in 2000 to 690 in 2010 but has likely reached a plateau, because
almost all countries have established laboratory-based measles
surveillance. However, the complexity of testing will continue to
increase as molecular survéillance to determine transmission
patterns and to distinguish between imported and endemic
measles cases is fully embraced. LabNet testing is critical for
adding specificity to surveillance information when incidence

Table 1. Reported Laboratory Workload and Performance of Laboratories Participating in the LabNet by World Health Organization

(WHO) Region, 2009

Measles Rubella
No. of No. of Results
serum No. of samples No. of No. of reported
samples samples IgM % samples samples within 7
WHO Region received tested positive Positive tested IgM positive % Positive days,? %
AFR 36,658 35,242 10,088 29 29611 6157 - 7 o
AMR 20,668 20,4156 89 0.4 20,415 18
EMR 13,222 13,222 5950 45 11,824 70
EUR 24,929 18,665 - 3314 18 17,660 1094
SEAR 6661 6128 1103 18 5368 - © 2656
WPR 91,182 71,426 34,412 48 49,084 12,787
Total . 193,120 165,008 54,956 . 33 133,962 ,482

MOTE. AFR, African Region; AMR, Americas Region; EMR; Eastern Mediterranean Region; EUR, European v; SEAR, Southeast Asian Regidn; WPR, Western

Pacific Region.
® For the AMR, percentage of results reported within 4 days.
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decreases and the predictive value of clinical diagnosis dimin-
ishes. In addition, monitoring progress toward elimination
through sequence analysis of currently circulating wild-type
viruses is needed to determine whether a virus is endemic or
imported. ’

Despite the large improvement in molecular surveillance,
gaps in baseline molecular surveillance for measles still exist and
no genotype data are available for 72 countries, although 25 of
these are from the Region of the Americas, which has already
eliminated measles, and 20 are small countries with a very low
incidence of measles. Gathering information on baseline rubella
virus sequence data is still at an early stage of development, with
no data reported from 158 countries.

As countries progress toward elimination of measles, labo-
ratories will be required to provide genotype information from
80% of the chains of transmission. Achieving this target will
require close coordination between those conducting case in-
vestigations and the LabNet and will increase the number of
samples that must be processed and tested by the laboratory.
Also, in elimination or pre-elimination settings, rapid confir-
mation of rashes due to vaccine reactions using molecular
techniques will become increasingly important.

The positive predictive value of the procedure of using a sin-
gle IgM ELISA on serum for confirming suspected measles and
rubella cases in the LabNet is high when incidence of disease is
high, but concerns have been raised as to whether these testing
procedures are appropriate under low-incidence settings, be-
cause the positive predictive value decreases significantly [30].
Although the WHO Region of the Americas has successfully
documented elimination of both measles and rubella using these
testing strategies, the LabNet is investigating procedures that
may improve the positive predictive value in low-incidence
settings. In addition; specialized serologic testing, such as IgG
avidity assays and plaque-reduction neutralization assays, are
used in more advanced laboratory settings to-aid in the classi-
fication of more difficult cases that sometimes arise in low-
incidence settings {31, 32].

CHALLENGES

As of 2009, only 12 (Algeria, Comoros, Guinea Bissau, India,
Mauritius, Monaco, Morocco, Pakistan, San Marino, Sao Tome
and Principe, Seychelles, and Somalié.) of the 193 member states
of WHO have yet to implement case-based surveillance with
laboratory confirmation; however, 2 are large-population
countries: India and Pakistan. However, LabNet laboratories are
performing measles outbreak confirmation in all 12 except
Mauritius, San Marino, Sao Tome and Principe, and Seychelles.
The LabNet has shown that it has the capacity to conduct up to
400,000 IgM tests annually (2008) for measles and rubella, and
individual laboratories have responded to an almost 30-fold
increase in weekly baseline testing rates. When all countries

establish case-based surveillance and meet the minimum sur-
veillance and testing criteria, the annual number of LabNet tests
will increase by an estimated 70,000. The LabNet has the ca-
pacity to meet this increased throughput; however, finding the
resources to procure additional kits and to train and to equip
additional laboratories in the countries that have yet to meet the
surveillance indicators will require increased advocacy efforts
and more country commitment to supporting measles and ru-
bella laboratory-based surveillance.

Despite progress in measles control, large measles outbreaks
occurred in 2009 and 2010 in Bulgaria and several African
countries. Testing all suspected cases during large outbreaks is
not essential if countries follow WHO’s recommended
guidelines to epidemiologically link suspected cases to labo-
ratory-confirmed cases [33]. However, some countries con-
tinue to collect samples from almost all suspected cases during
an outbreak, often increasing the laboratory’s workload by
many-fold. For example, in 2009 South Africa experienced

~ a large outbreak of measles that saw the national laboratory
. reporting almost 17,000 positive cases during a 12-month

period starting in mid-2009 [34]. The laboratory tested ap-
proximately 50 serum samples per week before the outbreak
but progressed to testing >1400 specimens per week at the
peak of the outbreak, within a period of several months. Al-
though the national laboratory performed exceptionally well
in managing the heavy workload, it was put under consider-
able pressure to provide an acceptable turn-around time while
at the same time maintaining high-quality results. Laborato-
ries in other countries, including Botswana, Cambodia,
Lesotho, Malawi, Philippines, Swaziland, Ukraine, Viet Nam,
and Zimbabwe, have experienced a large increase in workload
following outbreaks. Although the weekly increase in number
of samples tested was less than in South Africa, the impact on
increasing the reporting turnaround time has been similar.
Procuring sufficient test kits, maintaining quality, and timely
reporting of results under these circumstances make a
considerable challenge.

Some countries have a considerable number of private labo-
ratories in the health sector that are used for testing suspected
measles cases. Many of these laboratories are funded through
health insurance and may test only for the specific diseases
covered by the reimbursement. It has been reported from the
European and Western Pacific regions that the large number of
these laboratories in some countries makes it difficult to mon-
itor the quality and accuracy of test procedures and to ensure
regular reporting through the public health system. In the Re-
gion of the Americas, the United States reported that approxi-
mately 25,000 measles IgM tests were performed by private
laboratories in 1997 {35]. External monitoring of quality control
in commercial laboratories is a challenge, although in some
cases, LabNet laboratories provide confirmatory and follow-up
'{esting procedures.
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Table 2. Lahoratory-Based Training Workshops Held January
2009-June 2010 for Measles, Rubelia, Yellow Fever, and Japanese
Encephalitis Surveillance

No. of laboratories

Region No. of countries participating No. of participants
AFR 24 28 ' 38 -
EMR 1 12 18

SEAR 11 18 40
WPR 14 46 . 82

Total 60 - 102 S arss

NOTE. AFR, African Region; EMR, Eastern Mediterranean Region; SEAR,
Southeast Asian Region; WPR, Western Pacific Region.

As part of the quality assurance program, national and sub-
national laboratories are required to send a proportion of their
IgM samples to their designated reference laboratory for con-
firmatory testing. The international shipment for these proce-
dures has amounted to a considerable cost burden for some
countries and has posed multiple logistic difficulties when
samples are transported across national borders. The LabNet has
validated the use of drying serum onto filter paper for temper-
ature-stable shipment, thus reducing the cost of shipping under
refrigeration temperature. Furthermore, dried serum samples
are approved as exempt from dangerous goods requirements
and regulations [36].

The LabNet has strengthened the health system by building
capacity, strengthening laboratory infrastructure, and de-
veloping human resources. In the 18 months from 2009 to June
2010, >170 national and reference laboratory staff were trained
to perform IgM ELISA procedures and polymerase chain re-
action and sequencing techniques, and to improve data and
laboratory management for measles, yellow fever, and Japanese
encephalitis surveillance (Table 2). However, as countries strive
to reach their measles elimination goals, partnership support for
the LabNet must increase as the complexity of testing and
number of samples increase.
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Abstract

exactly known.

history of wheezing.

be associated with wheezing in Japanese children.

| Background: Recent studies strongly suggest that some respiratory viruses are associated with the induction of
acute wheezing and/or exacerbation of bronchial asthma. However, molecular epidemiology of these viruses is not

Methods: Using PCR technology, we attempted to detect various respiratory viruses from 115 Japanese children.
Furthermore, the detected viruses were subjected to homology, pairwise distance, and phylogenetic analysis.

Results: Viruses were detected from 99 (86.1%) patients. Respiratory syncytial virus (RSV) alone and human
rhinovirus (HRV) alone were detected in 47 (40.9%) and 36 (31.3%) patients, respectively. Both RSV and HRV were
detected in 14 (12.2%) patients. Human metapneumovirus (HMPV) alone and human parainfluenza virus (HPIV)
alone were detected in 1 (0.9%) patient each, respectively. Homology and phylogenetic analyses showed that the
RSV and HRYV strains were classified into genetically diverse species or subgroups. In addition, RSV was the
dominant virus detected in patients with no history of wheezing, whereas HRV was dominant in patients with a

Conclusions: The results suggested that these genetically diverse respiratory viruses, especially RSV and HRV, might

Background

A range of respiratory viruses are known to cause acute
respiratory infections (ARI), including the common cold,
bronchiolitis, and pneumonia in humans [1]. The major
‘pathogens are potentially respiratory syncytial virus
(RSV), human rhinovirus (HRV), human metapneumo-
virus (HMPV), human parainfluenza virus (HPIV),
enterovirus (EV), influenza viruses (InfV), adenoviruses
(AdV), and human bocavirus (HBoV) [2,3]. Respiratory
infections by RSV, HRV; and HPIV are implicated in
the induction of wheezing and the exacerbation of
asthma, although their mechanisms are not clearly
known [4]. The prevalence of asthma in developed
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countries is around 10 to 15% in children, while the pre-
valence is lower but increasing rapidly in developing
countries [5]. Accumulating evidence indicates that the
etiology of most cases of asthma, namely virus-induced
asthma, is linked to such respiratory virus infections
[6-9]. In addition, other epidemiological studies suggest
that about 70% of infants have experienced an RSV
infection by the age of 1 year, and 100% by the age of 2
years; the host response to the virus varies greatly, but
includes upper respiratory tract infections, typical
bronchiolitis (with crepitations but no wheeze), and
RSV-induced wheezy bronchitis [10,11]. In addition,
HRYV includes over 100 serotypes and most of these are

‘epidemic, although their epidemiology is not known

[12]. Similarly, most children are infected at least once
with HPIV early in life, but reinfections occur through-
out life [13]. HBoV and HMPYV are recently discovered

© 2011 Fuijitsuka et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
CommonsAttribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work i properly cited.
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agents of ARI, and these viruses are also associated with
the common cold, bronchiolitis, and pneumonia [14].
However, the relationships between these viruses and
virus-induced wheezing are not exactly known.

Genetic analyses including sequence and phylogenetic
analyses of various viruses enable detailed genetic charac-
terization of these agents. With the use of these methods,
detailed molecular epidemiological studies have been
reported, even in non-culturable viruses such as HRV
species C (HRV-C) or HBoV [15,16]. However, molecular
epidemiology of various respiratory viruses with regard
to virus-induced asthma is not exactly known. From
these backgrounds, we detected various respiratory
‘viruses and performed a molecular epidemiological study
of them in Japanese children with acute wheezing illness.

Methods

Subjects

One hundred fifteen wheezy Japanese children were
enrolled in the present study. A summary of patient data
is shown in Table 1. All patients visited the National
Hospital Organization Yokohama Medical Center from
November 2007 to March 2009. Of these patients, 39 had
a history of wheezing, while the other 76 patients had no
such history. In addition, 66 patients had viral bronchitis
and/or bronchiolitis at consultation. These patients were
treated with infusion, oxygen, and f2-agonist or epi-
nephrine nebulization. Informed consent was obtained
from the parents of all subjects for the donation of the
nasopharyngeal swabs used in this study.

DNA/RNA extraction, PCR, and sequencing

For viral DNA/RNA extraction, RT-PCR, and sequence
analysis, nasopharyngeal swab samples were centrifuged
at 3000 x g at 4°C for 15 min, and the supernatants
were used for RT-PCR and sequence analysis as
described previously [17]. Viral nucleic acid was
. extracted from the samples using the High Pure Viral

Table 1 Subject data in this study
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Nucleic Acid Kit (Roche Diagnostics, Mannheim, Ger-
many). The reverse transcription reaction mixture was-
incubated with random hexamers at 42°C for 90 min,
followed by incubation at 99°C for 5 min, and then
amplification by thermal cycling. The PCR procedures
for amplification of various viral genes including RSV
[18], HRV [19,20], HMPV [21], HPIV [22], EV [19,20],
InfV [23], AdV [24], and HBoV [25] were conducted as
previously described. The primers for PCR are shown in
Table 2. To avoid carry over and cross-contamination in
PCR, the extraction of viral RNA/DNA was conducted
in a room physically separate from that used for per-
forming PCR. Furthermore, positive and negative con-
trols were included in all PCR assays. PCR products
were determined by electrophoresis on 3% agarose gel.
Purification of DNA fragments and nucleotide sequence
determination procedures were performed as described
previously [17].

Phylogenetic analysis and calculation of pairwise
distances

We performed homology and phylogenetic analysis of the
G gene of RSV, and the VP4/VP2 coding region of HRYV,
because these viruses were the most commonly detected
strains. The nucleotide positions of the nucleotide posi-
tions of the G gene of RSV were 673-912 (240 bp, for
subgroup A) or 670-963 (294 bp, for subgroup B), and
the VP4/VP2 coding region of HRV were 623-1012 (390
bp). We used the CLUSTAL W program on the DNA
Data Bank of Japan (DDBJ) homepage http://clustalw.
ddbj.nig.ac.jp/top-j.html and TreeExplorer (Version 2.12)
http://evolgen.biol.metro-u.ac.jp/TE/. Evolutionary dis-
tances were estimated using Kimura's two-parameter
method, and phylogenetic trees were constructed using
the neighbor-joining (NJ) method [26]. The reliability of
the tree was estimated using 1000 bootstrap replications.
We selected the reference strains as previously described
to construct the phylogenetic trees of RSV and HRV

No. of  Sex(M/F) Age History of No.of Sex(M/F) Age No. of No. of cases of Age Hospitalization
patients (months)  wheezing patients (months) inpatients and bronchitis and/ (months) (days)
and/or outpatients  or bronchiolitis
asthma
inpatients  55* 46* C135£210 71£25
No 76 44/32 169 =
239
15 70/45 208 £ 257 outpatients 21 7 259 + 289
inpatients 16 8 181 £ 170 71 +£12
Yes 39 26/13 285 =
27.5*%
outpatients 23 5 357 £313

Data are expressed as mean + SD
M/F: male/female
*p< 0.05
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Table 2 Primers for PCR used in this study

Virus Primer Sequence Reference
; no.
RSV ABG490 5-ATGATTWYCAYTTTGAAGTGTTC-3' [22]
F164 5-GTTATGACACTGGTATACCAA CC-3'
AG655 5-GATCYCAAACCTCAAACCAC-3 [23]
BG517 5-TTYGTTCCCTGTAGTATATGT G-3'
HRV  EVP4 5-CTACTTTGGTGTCCGTGTT-3 [24]
OL68-1 5-GGTAAYTTCCACCACCANCC-3 [25]
HMPV  hMPV-1f 5-CTTTGGACTTAATGACAGATG-3 [26]
hMPV-1r 5-GTCTTCCTGTGCTAACTTIG-3
hMPV-2f 5-CATGCCGACCTCTGCAGGAC-3' [27]
hMPV-2r 5-ATGTTGCAYTCYYTTGATTG-3'
HPIV  PIST+ 5-CCGGTAATTTCTCATACCTAT G-3' [28]
PIST- 5-CTTTGGAGCGGAGTTGTTAAG-3
PIS2+ 5-CCATTTACCTAAGTGATGGAAT-3'
PIS2- . 5-GCCCTGTTGTATITGGAAGAGA-3'
PIS3+ 5-ACTCCCAAAGTTGATGAAAGAT-3'
PIS3- 5-TAAATCTTGTTGTTGAGATTG-3'
Infv  M30F2/08 : 5- (29
A - ATGAGYCTTYTAACCGAGGTCGAAACG-
3
M264R3/ 5 TGGACAAANCGTCTACGCTGCAG-3'
08
InfV B BHATF1 5'-AATATCCACAAAATGAAG GCAATA- [29]
. .3
BHAR1166  5-ATCATTCCTTCCCATCCTCCTTCT-3' ;
AdV  AdnU-S2 5-TTCCCCATGGCNCACAAYAC-3' {30]
AdnU-A2  5-TGCCKRCTCATRGGCTGRAAGTT-3'
HBoV 188F . 5-GACCTCTGTAAGTACTATTAC-3' 311
542R 5-CTCTGTGTTGACTGAATACAG-3'

RSV: respiratory syncytial virus; HRV: human rhinovirus; HMPV: human
metapneumovirus; HPIV: human parainfluenza virus; InfV A: influenza virus
subtype A; Inf B: influenza virus subtype B; AdV: adenovirus; HBoV: human
bocavirus )

[17,27]. Moreover, we calculated subgroup or species fre-
quency distributions using pairwise genetic distances for
each strain, as previously described [17].

Statistical analysis

Data were analyzed using SPSS software (SPSS for Win-
dows, Version 10.0). All data are expressed as mean + SD.
We performed bivariate analyses using Pearson y? and
Fisher exact tests to compare the prevalence of respiratory
viruses and other variables between the study groups. The
Student’s f-test was used to compare mean age in the study
group. Statistical significance was set at the level of p< 0.05.

Ethics approval :
All samples were collected after written informed con-
sent was obtained from the subjects’ parents. The study
protocol was approved by the Ethics Committee on
Human Research of National Hospital Organization
Yokohama Medical Center.
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Resuits
Viruses detected in the present subjects

" We genetically detected RSV, HRV, HMPV, HPIV, EV,

InfV, AdV, and HBoV in samples from 115 Japanese
children with acute wheezing (Table 3). RSV alone was
detected in 47 patients (40.9%). Among these, subgroups
A (RSV-A) and B (RSV-B) were found in 27 and 20
patients, respectively. HRV alone was detected in 36
patients (31.3%), and among these; HRV species A
(HRV-A), B (HRV-B), and C (HRV-C) were found in 17,
2, and 17 patients, respectively. Both RSV and HRV
were detected in 14 patients (12.2%). Among these,
combinations of RSV-A + HRV-A, RSV-A + HRV-B,
and RSV-A + HRV-C were found in 5, 1, and 1 patient,
respectively. In addition, RSV-B + HRV-A, RSV-B +
HRV-B, and RSV-B + HRV-C were found in 2, 1, and 4
patients, respectively. HMPV alone and HPIV alone
were detected in 1 patient each, respectively. Finally, no
viral genes for RSV, HRV, HMPV, HPLV, EV, InfV,
AdV, and HBoV were detected in 16 patients (13.9%).
From these data, RSV was revealed to be the dominant
species detected in patients with no history of wheezing
and/or asthma (38 patients vs. 9 patients, p< 0.05), while
HRYV was dominant in those with a history of wheezing
and/or asthma (12 patients vs. 24 patients, p< 0.05).
These results suggested that RSV and HRV were the
major causative agents of acute wheezing in the present
study. Moreover, both RSV and HRV were detected in
over 10% of patients with acute wheezing,

Seasonal variations of detected viruses

To address relationships between seasonal variations of
respiratory viruses and acute wheezing, we showed
detected viruses during investigation period as Figure 1.
Prevalence of RSV was found from autumn to winter,
while prevalence of HRV was found in all season. In addi-
tion, both viruses were detected from autumn to winter.

Homology, phylogenetic analysis, and pairwise distances
of RSV and HRV : '

We performed phylogenetic and homology analysis, and
calculated the pairwise distances of RSV and HRV in
the present cases. The phylogenetic tree based on G
gene of RSV, and the VP4/VP2 coding region of HRV
are shown in Figure 2 and 3. The homology and pair-
wise distances are shown in Table 4. First, the RSV was
classified into two subgroups, A and B. In addition,
strains belonging to both subgroups were subdivided
into three genotypes (GA2, GA5, and BA, Figure 2).
HRYV was classified into three species: HRV-A, -B, and
-C. Strains belonging to these species were subdivided
into many clusters in the phylogenetic tree (Figure 3).
The homology of RSV-A was relatively high (over 80%),
while it was quite low for other viruses and all species
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Table 3 Subtypes or species of detected viruses

No history of wheezing and/or asthma Having history of wheezing and/or asthma
Virus  No. of Strain name No. of Strain name
strains strains ) .
RSV-A 25 RSV/YOK/07/14(AB551036), RSV/YOK/07/22(AB551037), RSV/ 2 RSV/YOK/08/73(AB551045), RSV/YOK/08/111(AB551048)

YOK/07/26(AB551038), RSV/YCK/07/43(AB551039), RSV/YOK/
07/51(AB551040), RSV/YOK/07/52(AB551041), RSV/YOK/07/53
(AB551042), RSV/YOK/07/66(AB551044), RSV/YOK/08/79
(AB551046), RSV/YOK/08/83(AB551047), RSV/YOK/08/113
(AB551049), RSV/YOK/08/122(AB551053), RSV/YOK/08/123
(AB551054), RSV/YOK/08/125(AB551056), RSV/YOK/08/127
(AB551057), RSV/YOK/08/128(AB551058), RSV/YOK/08/130
(AB551059), RSV/YOK/08/133(AB551060), RSV/YOK/08/134
(AB551061), RSV/YOK/08/141(AB551065), RSV/YOK/08/142
(AB551066), RSV/YOK/08/146(AB551069), RSV/YOK/08/148
(AB551071), RSV/YOK/08/150(AB551072), RSV/YOK/09/162

(AB551075)

RSV-B 13 RSV/YOK/07/13(AB551078), RSV/YOK/07/16(AB551079), RSV/ 7 RSV/YOK/07/4(AB551076), RSV/YOK/07/59(AB551094), RSV/
YOK/07/17(AB551080), RSV/YOK/07/21(AB551081), RSV/YOK/ YOK/08/74(AB551102), RSV/YOK/08/80(AB551104), RSV/YOK/
07/32(AB551083), RSV/YOK/07/33(AB551084), RSV/YOK/07/34 08/82(AB551105), RSV/YOK/08/84(AB551106), RSV/YOK/08/88

(AB551085), RSV/YOK/07/38(AB551086), RSV/YOK/07/50 (AB551107)
(AB551092), RSV/YOK/07/56(AB551093), RSV/YOK/07/60
(AB551095), RSV/YOK/07/62(AB551096), RSV/YOK/07/64
(AB551097) )
Subtotal 38 . 9 o
HRV-A 5 HRV/YOK/07/7(AB550346), HRV/YOK/07/61(AB550365), HRV/ 12 HRV/YOK/07/11(AB550348), HRV/YOK/07/15(AB550350), HRV/
YOK/08/107(AB550377), HRV/YOK/08/110(AB550379), HRV/ YOK/07/19(AB550352), HRV/YOK/07/24(AB550355), HRV/YOK/
YOK/08/112(AB550380) 07/25(AB550356), HRV/YOK/07/36(AB550358), HRV/YOK/08/
) 103(AB550374), HRV/YOK/08/131(AB550389), HRV/YOK/08/
153(AB550396), HRV/YOK/08/167(AB550402), HRV/YOK/08/
169(AB550403), HRV/YOK/08/171(AB550404)
HRV-B 1 HRV/YOK/08/129(AB550389) 1 HRV/YOK/08/154(AB550397)
HRV-C 6 HRV/YOK/07/5(AB550345), HRV/YOK/07/20(AB550356), HRV/ 1 HRV/YOK/07/2(AB550343), HRV/YOK/07/10(AB550347), HRV/
YOK/07/41(AB550368); HRV/YOK/08/100(AB550379), HRV/ YOK/07/12(AB550349), HRV/YOK/07/18(AB550351), HRV/YOK/
YOK/09/163(AB550400), HRV/YOK/09/164(AB550401) 07/23(AB550353), HRV/YOK/07/55(AB550371), HRV/YOK/08/
86{AB550377), HRV/YOK/08/106(AB550382), HRV/YOK/08/120
(AB550386), HRV/YOK/08/126(AB550388), HRV/YOK/08/159
(AB550398)
Subtotal 12 24
RSV-A 2 RSV/YOK/08/116(AB551050) + HRV/YOK/08/116(AB550381), 3. RSV/YOK/07/1(AB551033) + HRV/YOK/07/1(AB550342), RSV/
+HRV-A RSV/YOK/08/145(AB551068) + HRV/YOK/08/145(AB550392) _ YOK/08/117(AB551051) + HRV/YOK/08/117(AB550382), RSV/
YOK/08/119(AB551052) + HRV/YOK/08/119(AB550384)

RSV-A ND ) 1 RSV/YOK/08/140(AB551064) + HRV/YOK/08/140(AB550392)

+HRV-B

RSV-A ND 1 RSV/YOK/07/3(AB551034) + HRV/YOK/07/3(AB550344)

+HRV-C : ] ]

RSV-B 2 - RSV/YOK/07/42(AB551087) + HRV/YOK/07/42(AB550361), ND

+HRV-A - RSV/YOK/07/47(AB551090) + HRV/YOK/07/47(AB550363)

RSV-B 1 RSV/YOK/08/118(AB551108) + HRV/YOK/08/118(AB550363) ND

+HRV-B )

RSV-8 4 RSV/YOK/07/28(AB551082) + HRV/YOK/07/28(AB550365), ND

+HRV-C RSV/YOK/07/45(AB551088) + HRV/YOK/07/45(AB550405),
© RSV/YOK/07/46(AB551089) + HRV/YOK/07/46(AB550370),
RSV/YOK/O7/67(ABSS'1099) + HRV/YOK/07/67(AB550375)
Subtotal 9 , R 5
HMPV- 1 ‘ HMPV/YOK/07/44(AB565438) ND
B2 .
HPIV-1 ND 1 HPIV/YOK/08/115(AB565748)
Total 60 39

RSV-A, Respiratory syncytial virus subgroup A;RSV-B, Respiratory syncytial virus subgroup. B; HRV-A, Human rhinovirus species A; HRV-B, Human rhinovirus species
B; HRV-C, Human rhinovirus species C; HMPV, Human metapneumovirus; HPIV-1, Human parainfluenza virus type 1; ND, Not detected
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Figure 1 Seasonal variations of respiratory viruses detected in this study.
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of HRV (over 30% divergence). Notably, the genetic
diversity of HRV-C was wide (52 to 100%). In addition,
the pairwise distances of HRV-A and HRV-C strains are
high (over 0.2), while those for RSV-A and RSV-B
strains are low. Based on these results it is suggested
that acute wheezing-associated HRV has wide genetic
diversity.

Discussion

We detected and genetically analyzed major ARI viruses
including RSV, HRV, HMPV, and HPIV in samples
from 115 Japanese children with acute wheezing during
a 17-month period (November 2007 and March 2009).
These viruses were detected in over 80% of the patients.
The dominant virases were RSV and HRV, and both
were detected in over 10% of the patients. In addition,
these viruses were confirmed as belonging to various
subgroups, genotypes, or species. All three species of
HRYV detected showed wide genetic diversity (more than
30% divergence). Interestingly, RSV was the dominant
species detected in patients with no history of wheezing
and/or asthma, while HRV was dominant in patients
with a history of wheezing and/or asthma. The results
suggested that RSV and HRV were major ARI viruses
regarding virus-induced acute wheezing in the present
study. :

It is suggested that various respiratory viruses such as
RSV, HRV, HMPYV, HPIV, EV, InfV, AdV, and HBoV
are detected in patients with lower respiratory tract
infections including bronchiolitis and pneumonia [6,7].
These viruses are also detected in cases of acute wheez-
ing [6,7]. Thus, they may be associated with both lower
respiratory tract infection and acute wheezing in chil-
dren [6,7]. At present, this disease status is recognized
by physician and pediatrician as virus-induced asthma

[28,29]. It may be important to address the genetic
properties of ARI viruses associated with these diseases.
However, few studies have been conducted into the
genetic analysis of these viruses in acute wheezing. To
better understand the relationships between viral prop-
erties and acute wheezing, it may be important to
genetically analyze ARI viruses detected in the wheezy

.children. We studied the molecular epidemiology of

these respiratory viruses detected in Japanese children
with acute wheezing. To the best of our knowledge, the
present study is the first to report the detection of RSV,
and HRV-A, -B, -C with different genetic characteristics
in Japanese children with acute wheezing.

Many studies suggest that RSV is a major candidate as
an inducer of acute wheezing [4,10,11] and it may infect
all children under the age of 2 years [10,11]. Furthermore,
some of these children may develop bronchiolitis and/or
pneumonia with acute wheezing [10]. Sugai-Goto et al.
demonstrated that genotypes and the major genes (F, G,
and N) of RSV isolated from hospitalized children with
bronchiolitis or bronchopneumonia accompanied by acute
wheezing were not significantly different when compared
with RSV strains detected from upper respiratory tract
infections [27]. These viruses belong to subgroup A, geno-
type GA2 and subgroup B, genotype BA [27]. Further-
more, Nakamura et al. showed similar genetic data from
various acute respiratory infections in Okinawa, Japan
[30]. Our findings regarding the properties of G gene in
the RSV strains detected were comparable with the above-
mentioned reports. In contrast, it has been suggested that
a specific genotype, GA3 type virus, might be associated
with a significantly greater severity of illness [31]. Riccetto
et al. demonstrated that the severity of illness of RSV
infection in infants can be associated with other factors
such as body weight and prematurity [32], and any
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Figure 2 Phylogenetic analysis of RSV (G gene). Detailed procedures and conditions of the phylogenetic tree are shown in the text. Numbers
in parentheses indicate numbers of strains detected in other patients. Reference strains are shown in bold type. Bars, 0.05 substitutions per
nucleotide position. Only bootstrap values more than 85% are shown at branch points.

SA99V1325

association between the viral properties and pathogenicity
of RSV has yet to be elucidated. Another report suggested
that host immunity such as TLR4 polymorphism is linked
to symptomatic RSV [33]. Thus, both the antigenicity of
the viruses and host immune conditions may play

important roles in the pathophysiology of severe respira-
tory infections such as bronchiolitis, pneumonia, and
virus-induced asthma [1,34].

For a long time, HRV was simply thought to be causa-
tive agents of the mild common cold [12]. In general,
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Figure 3 Phylogenetic analysis of HRV (VP4/VP2 coding region). Detailed procedures and conditions of the phylogenetic tree are shown in
the text. Numbers in parentheses indicate numbers of strains detected in other patients. Reference strains are shown in bold type. Bars, 0.05
substitutions per nucleotide position. Only bootstrap values more than 85% are shown at branch points.
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this acknowledgement may not be incorrect in non-
asthmatic people [35]. However, it is suggested that
HRYV induces wheezing énd‘exécerbation of symptoms
in most asthmatics [12]. However, the molecular

epidemiology of each HRV species is not yet known,
because HRYV is relatively difficult to isolate and detect.
Thus, non-culturable HRV-C was only recovered a few
years ago. Very recently, Mizuta et al. demonstrated
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Table 4 Pairwise distances and homology of RSV and
HRV strains based on nucleotide sequences

Homology Pairwise
(%) distance
Virus Al strains* Present All strains* Present
strains®* strains**
RSV- 820 - 100 835 - 100 0063 + 0.043 0.035 £ 0.034
A
RSV- 742 - 100 928 - 100 0060 + 0040 0029 +0014
B
HRV- 664 - 100 66.5 - 100 0202 £ 0.031 0.200 + 0.038
A
HRV- 68.1 - 100 995 - 100 0204 £ 0039 0002 + 0.003
B
HRV- 410 - 100 522 - 100 0263 £ 0069 0254 + 0077
C

Data are expressed as mean * SD

RSV-A, Respiratory syncytial virus subgroup A

RSV-B, Respiratory syncytial virus subgroup B

HRV-A, Human rhinovirus species A -

HRV-B, Human rhinovirus species B

HRV-C, Human rhinovirus species C

* All strains: reference strains plus the strains detected in the present study.
** Present strains: viruses detected in the present study.

that HRV-A isolates showed wide genetic diversity, and
some viruses belonging to specific clusters of the phylo-

genetic tree of HRV-A isolates might be associated with

bronchiolitis [17]. In addition, a new study suggested
that HRV-C has a stronger link to virus-induced asthma
than HRV-A and -B strains [36]. However, our results

" did not reveal a similar tendency, although the reasons
for this are unknown.

In this study, both RSV and HRV were detected from
over 10% of patients with acute wheezing. Chung et al.
demonstrated that both RSV and HRV were detected in
3.9% of Korean children with acute wheezing [37]. Thus,
our data and that of other studies may be comparable,
although the percentages of virus detection differ. We
additionally compared the severity of clinical symptoms
between dual virus-detected patients and those in whom
RSV or HRV was detected alone. However, there were
no significant findings. In addition, RSV, HRV, HMPV,
HPIV, EV, InfV, AdV, and HBoV were not detected in
over 10% of patients. Although we were unable to
explain why, it might be that other respiratory viruses
and bacteria were involved.

It should be noted that some respiratory viruses might

be detected in healthy children [1,38-40]. As mentioned

above, various species of HRV have been relatively fre-
quently detected in healthy children (around 10-20%)
[39,40], although RSV was detected-less frequently in
healthy and asymptomatic persons [40]. Thus, to better
understand the etiology of these viruses, it may be
important to determine the prevalence of these viruses
in healthy children. A limitation of this study is that we
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did not examine such prevalence in healthy children

and instead focused mainly on detailed molecular epide-

miological analysis of various respiratory viruses

detected in children with acute wheezing. Additional -
molecular epidemiological studies of viruses detected in

wheezy and healthy children would be of value.

In the present study, HMPV and HPIV were detected
in samples from the subjects, albeit rarely (each virus
was detected in one of only two patients). It is suggested
that HMPV and HPIV are also associated with bronch-
iolitis and bronchopneumonia [41]. However, it is not
known how these viruses are linked to the induction of
wheezing and exacerbation of asthma [42]. A previous
study suggested that sputum from HPIV infection con-
tains tryptase due to activation (degranulation) of mast
cells, and this activation may strongly induce an asth-
matic attack [43]. Thus, HPIV infection may induce
asthmatic conditions [7]. Additional studies regarding
the relationships between HPIV and HMPV infection
and virus-induced asthma are warranted.

Conclusions

Our data suggested that both RSV and HRV with var-
ious genetic characteristics were associated with acute
wheezing illness in Japanese children. In particular,
HRYV shows widely genetic diversity. Larger studies to
examine the detailed genetic characteristics of the var-
ious respiratory viruses detected in wheezy and healthy
children may be needed.
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