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$B202190, which showed no inhibitory effect on PV and
EV71 infections (data not shown). Infact, the in vivo effect
of GW5074 is enigmatic: GW5074 has a neuroprotective
action in neurones by activating, but not by inhibiting, B-
Raf (Chen et al., 2008). This action was independent of the
MEK/ERK signalling pathway, but depended on down-
regulation of ATF-3 mRNA (Chen et al.,, 2008). However,
siRNA treatments against these putative targets did not
consistently suppress PV replication (Fig. 6a). Interestingly,
one set of siRNA against MST2 (siRNA03) showed a partial
inhibitory effect without inducing an apparent interferon
response. However, other sets of siRNA against MST2
failed to show the inhibitory effect, and one set (siRNAOI)
rather stimulated the infection (Fig. 6a). Therefore, the
target of GW5074 for its inhibitory effect seemed different
from those of in vivo neuroprotective action (B-Raf and
ATE-3), but should be conserved among the enterovirus
infections. It is also possible that GW5074 reacted with
highly conserved region of the viral proteins for its
inhibitory effect. The identity of the target of GW5074 in
the inhibitory effect of PV replication remained to be
further identified.

In summary, we have characterized four compounds with
high anti-EV71 and/or anti-PV activity. Live and inacti-
vated vaccines have been established for PV and used for
global eradication of poliomyelitis (Sabin, 1965; Salk et al.,
1954). However, there is no effective therapy for vaccine-
associated paralytic poliomyelitis, which is caused by
virulent revertants of vaccine strains at a rate of one case
per 520000 doses associated with the first dose of the
vaccine (Nkowane et al., 1987). For EV71, various vaccine
candidates and therapies are being developed, but no
vaccine has been established (Chen et al., 2006; Chiu ef al,,
2006; Liu ef al, 2005, 2007; Shih et al, 2004; Tan &
Cardosa, 2007; Tung et al., 2007; Wu et al., 2007; Yu et al,
2000). The results obtained in this study would be useful
for the identification of novel targets to develop anti-
enterovirus drugs that could serve as therapeutic and/or
prophylactic agents against acute neurological diseases
caused by enterovirus infection.
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Outbreaks of measles still occur every S to 7 years in Japan
(1,2). In Okinawa Prefecture, two large measles outbreaks
occurred during 1998 -2001 (3), and both were attributed to
the population’s low immunity level (about 60 to 70%). Un-
fortunately, these outbreaks resulted in the deaths of 9
children. Therefore, to achieve a measles-free population, the
Okinawa Prefecture Office and the Okinawa Medical Asso-
ciation have aggressively promoted measles immunizations,
and to date have covered more than 93% of the children in
the prefecture. In addition, to find all patients with measles,
the prefecture office enforced sentinel surveillance systems,
including laboratory confirmation of measles. As a result,
the number of patients with measles rapidly decreased in the
prefecture. However, a small number of patients with measles,
fewer than 20, have been reported. To better understand the
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molecular epidemiology of the recently prevalent measles
viruses (MVs), we performed sequence and phylogenetic
analyses of their nucleoprotein () genes.

Throat swabs and blood samples were collected and served
as test specimens in this study. All measles patients develop
typical clinical symptoms: high fever, cough, conjunctivitis,
Koplik’s spots on the buccal mucosa, and a rash initially on
the face, torso, upper neck, and back, spreading cventually to
the hands and feet. Virus RNA was extracted from the samples
using a QlAamp Viral RNA Mini kit (Qiagen, Valencia, Calif.,
USA) and suspended in DNase/RNase-free water. Follow-
ing RNA extraction, reverse transcriptase-polymerase chain
reaction (PCR) and nested PCR were performed as previously
described (4). Amplicons were purified using a QIAquick
PCR Purification kit (Qiagen), and nucleotide sequences
were determined by direct sequencing (4). The nucleotide se-
quences of the partial N gene of MVs (385 bp) were analyzed
phylogenetically using Molecular Evolutionary Genetics
Analysis (MEGA) software version 4 (5). Evolutionary dis-
tances were estimated using Kimura's two-parameter method,
and phylogenetic trees were constructed using the neighbor-
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Fig. 1.

Phylogenetic tree constructed based on the nucleotide protein (M) gene sequences of various strains of the measles

virus. Evolutionary distance was calculated using Kimura's two-parameter method, and the tree was plotted using the
neighbor-joining method. Numbers at each branch indicate the bootsirap values of the clusters supporied by that branch,
Numbers in parentheses are GenBank accession numbers. Genotypes of the reference and present strains are indicated in bold.

joining (NJ) method (6). Each tree’s reliability was estimated
using 1,000 bootstrap replications.

Table | summarizes the cases, MV genotypes, and epide-
miologic data. Of 20 MV strains, 1, 14, and 5 strains had
genotypes D3, DS, and H1, respectively. The strains detected
in 2003 had genotypes D5 (1 strain) and H1 (4 strains), and
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those detected in 2004 had genotypes D3 (1 strain) and H1 (1
strain). In 2005, no MV strains were detected because no
patients with measles were reported in the surveillance project.
The 13 MV strains detected in 2006 and 2007 had only geno-
type D5. However, 1S cases were sporadic in the two out-
breaks, each of which involved more than 10 patients. Epi-



Table 1. Summary of epidemiologic and measles virus dala

Caseno.  Month, year Activity? Epidemiology-based infection source Virus Cienotype
I Feb, 2003 Sporadic case Unknown MVs/Okinawa, JPN/7.03 D5
2 Feb, 2003 Sporadic case Unknown MVs/Qkinawa, JPN/G 03 Hi
3 Apr, 2003 Sporadic case Unknown MVs/Okinawa JPN/14.03 HI
4 Jun, 2003 Sporadic case Kanto area MVs/Okinswa JPN/24.03 HI1
5 Jul, 2003 Sporadic case Unknown MVsiOkinawa JPN/31.03 H1
6 Apr, 2004 Qutbreak: 5 cases Unknown MVs/Okinawa JPN/15.04 D3
7 hal, 2004 Outbreak: 8 cases Unknown MVs/Okinawa. JPN/31.04/1 H1
8 Sep. 2006 Outbreak: 12 cases Kanto area MVs/Okinawa JPN/37.06 D3
9 Nov, 2006 Outbresk: 4 cases Kanto area MVs/Okinawa JPN/45.06/1 DS

10 Dec, 2006 Sporadic case (1) Kunto area MVs/Okinawa JPN/48.06 DS
1 Mar, 2007 Sporadic case Kanto area MVs/Okinawa JPN/12.07 DS
12 May, 2007 Sporadic case Kanto area MVs/Okinawa. JPN/19.07 D3
13 May, 2007 Sporadic case (1) Kyushu area MVs/Okinawa JPN:20.07 D3
14 May, 2007 Sporadic case {1) Kanto arca MVs/QOkinawa JPN/21.07 DS
15 Jui, 2007 Sporadic case Kanto area MVs/Okinawa JPN/23.07/1 DS
6 Jul, 2007 Sporadic case Kanto area kinawa JPN/25.07 D35
17 Jul, 2007 Sporadic case Kanto or Shikoku area MVs/Okinawa JPN/26.07 D5
18 Aug, 2007 Sporadic case Kanto area MVs/Okinawa JPN/33.07 DS
19 Oct, 2007 OQutbreak: 10 cases Kanto area MVs/Okinawa JPN/42.07 DS
20 Dec, 2007 Sporadic case Kyushu area MVs/Okinawa JPN/49.07 DS

" For sporadic case, the number of cases that spread is indicated in parentheses.

demiologic investigation showed that most of the patients
were high school students and adults who had traveled to
other areas of Japan (Kanto. Shikoku, or Kyusyu). Thus, most
of the patients might have been infected in areas outside
Okinawa Prefecture. We constructed a phylogenetic tree based
on the N gene of the presently isolated MV strains, including
reference strains (Figure 1). ALl MV genotypes (D3, D3, and
H1) were located in the same cluster as the strains detected
from other areas of Japan (Sapporo, Gunma, Tokyo, Osaka,
and Shimane). In particular, the present strains with genotype
D3 were highly homologous. These results suggest that the
present strains and other local strains were closely related
genetically. Moteover, various MVs with the D5 genotype
detected from other areas of Japan in 2007 (Gunma Prefecture
and the Tokyo metropolitan area) were highly homologous
(7.

Okinawa Prefecture is located in a subtropical area and
consists of hundreds of Ryukyu Islands with many famous
sightseeing spots; the prefecture draws approximately 6 mil-
lion visitors per year. At present, only a small number of the
prefecture’s population may be susceptible to measles because
of the regular and widespread measles immunization program.
However, since the disease is highly contagious in humans
(8,9), up-to-date information on the epidemic status of measles
in the prefecture and in Japan as a whole is needed because
of its rapid spread from one area to another.

This article appeared in part in the Infectious Agents
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Surveillance Report (IASR), vol. 28, p. 145-147 and p. 245-
247, 2007 in fapanese.
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SUMMARY: Although well over 200 viral agents have been implicated in acute respiratory infections (ARIs)
among children, no system able to detect such a wide range of viruses has been established. Between Jatuary
2004 and December 2005, a modified microplate method, including HEF, HEp-2, Vero E6, MDCK, RD-18S,
and GMK cell lines (HHVe6MRG plate), was adopted to isolate viruses. A total of 1,551 viruses were isolated,
representing both outbreaks and sporadic cases, from 4,107 nasopharyngeal specimens, at monthly isolation
rates of 22.3 to 52.6%. Influenza, parainfluenza, respiratory syncytial (RS), and mumps viruses, and human
metapneumovirus, enterovirus, parcchovirus, rhinovirus, adenovirus, herpesvirug, and cytomegalovirus were all
isolated. The use of multiple cell lines increased the isolation rates of most of these viruses. The findings showed
that ARIs due to a number of respiratory viruses occurred across all seasons in succession and/or concurrently in
children in the community. These data will help clinicians determine in which seasons and for which age groups
they should use the rapid diagnostic test kits available for influenza virus, RS virus, and adenovirus. In conclusion,
we verified that the modified microplate method was able to clarify the etiology and epidemiology of numerous

viruses isolated from children with ARIL

INTRODUCTION

Up to 90% of the causal agents of acute respiratory infec-
tions (ARIs) are thought to be nonbacterial, making ARI an
almost exclusively viral disease (1,2). Well over 200 viral
agents have been implicated in ARI (1), but no community-
based viral etiological study has been reported (3). To under-
take such a study, an efficient viral detection system is nec-
essary to clarify the ctiology and epidemiology of ARIs.
Currently, viral culture, antigen detection, and polymerase
chain reaction (PCR) are used to detect viruses, with each
method having its individual advantages and disadvantages
{4). In particular, molecular methods, including PCR, reverse
transcription (RT)-PCR, and real-time PCR have been con-
sidered valuable in the diagnosis of viral infections, as these
methods are more rapid and sensitive than traditional antigen
detection and virus isolation techniques (5-11). Although the
benefits of modern molecular technologies are obvious. the
simple question remains as to whether the traditional tissue
culture method is still of value.

To isolate a wide range of cultivable viruses efficiently, in
the mid-1980s Numazaki et al. developed a microplate method
that was simpler and cheaper than the traditional tube method

*Corresponding author: Mailing address: Department of Micro-
biology, Yamagata Prefectural Institute of Public Health, Toka-
machi 1-6-6, Yamagata, Yamagata 990-0031, Japan. Tel: +81-
23-627-1109, Fax; +81-23-641-7486, E-mail: mizutak@pref.
yamagata.jp
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{(12). After various modifications, this method has been used
to help clarify the etiology and epidemiology of ARI in chil-
dren (13-15). The original microplate method using 96-well
tissue culture plates included four cell lines—the human em-
bryonic tung fibroblast {HEF), human laryngeal carcinoma
(HEp-2), African green monkey kidney (Vero), and Madin
Darby Canine Kidney (MDCK)-and was named the HHVM
plate, based on the first letter of each cell line (12). This
system was able to isolate influenza A H3N2 (FluAH3),
influenza A HINT (FIluAH1), influenza B (FluB), RS virus,
parainfluenza virus (Para) 1-3, mumps virus, adenovirus
(Ad) 1-6, poliovirus (Polio) 1 -3, coxackievirus (Cox) Al6,
CoxB1 -5, echovirus (Echo) 3, 6, 7, 9, 11, 21, 22, herpes
simplex virus (HSV), and cytomegalovirus (CMV) (12).
Between 1988 and 1998, we also isolated influenza C (FluC),
rhinovirus, Ad7, CoxA7, 9, Echol5, 18, 25, 30, and entero-
virus 71 (16). However, this systemn demonstrated low sen-
sitivity to CoxA viruses, except CoxA16, and insufficient
sensitivity to enteroviruses (12,17). Thus, in 2001 we added
two cell lines, rhabdomyosarcoma (RD-18S) and green
monkey kidney (GMK), to the four original cell lines 1o
allow for the more efficient isolation of enteroviruses
(HHVMRG plate) (17). Furthermore, we discovered that
human metapneumovirus (WMPV), which was first 1solated
from patients with ARI in the Netherlands in 2001 and had
hitherto been difficult to recover using the tissue culture
method, could be replicated in Vero E6 cells (18,19). We there-
fore substituted the Vero E6 cell line for the regular Vero ccll
line in 2004 to create the HHVe6MRG plate for the isolation



of h(MPV (18).

Herein, we describe the results of virus isolation from pa-
tients with AR when this HHVe6MRG plate method was
used in Yamagata, Japan, between 2004 and 2005.

MATERIALS AND METHODS

Preparation of the HHVe6MRG plate: As mentioned
above, we have used the HHVe6MRG plate, including the
HEF, HEp-2, Vero E6, MDCK, RD-18S, and GMK cell lines,
since January, 2004. Two rows of cach cell line were pre-
pared in 96-well tissue culture plates (Greiner Bio-One,
Frickenhausen, Germany). The HEF cell line, which was
originally deposited by 1. Ishikawa, was purchased from Riken
Cell Bank, Tsukuba, Japan. HEp-2 and MDCK cells were
obtained from Dr. H. Nishimura, Virus Research Center, Clini-
cal Research Division, National Hospital Organization, Sendai
Medical Center, Sendai, Japan. Vero E6 cells were provided by
the National Institute of Infectious Diseases, Tokyo, Japan,
and the RD-188S cell line was a gift from Dr. T. Fujimoto,
Hyogo Prefectural Institute of Public Health and Environ-
mental Sciences, Kobe, Hyogo, Japan. We also used the GMK
cell line, which was being stored in our laboratory, though its
origin was unclear.

The composition of the growth medium {GM) and mainte-
nance medium (MM) were slightly modified from those used
in previous reports (12,17). As shown in Table 1, fetal bovine
serum (Invitrogen Co., Carlsbad, Calif., USA), calf serum
{Thermo Electron Co., Melbourne, Australia), vitamin solu-
tion (100X concentrate; Sanko Junyaku, Tokyo, Japan), and
crystallized trypsin (T-8003; Sigma, St. Louis, Mo, USA),
were added to Eagle’s minimum essential medium (MEM,
Nissui No3; Nissui Pharmaceutical Co., Tokyo. Japan), respec-
tively. When the monolayer of each cell line was ready for
specimen inoculation, the plates were washed with phosphate-
buffered saline without calcium or magnesium, and 100 21
of MM was added to each well.

Virus isolation and identification: Between January 2004
and December 2005, 4,107 throat and nasal swab specimens
were collected from patients at pediatric clinics working in
collaboration with the Yamagata Prefectural health author-
ities as part of the national surveillance of viral diseases in
Japan. Patients were clinically diagnosed as having ARI with
fever and/or cough and/or rhinorrhea. Among these speci-
mens, 3,984 (97.0%) were from patients <15 years old, 11]
(2.7%) were from patients >15, and 12 (0.3%) were from
patients of unknown age.

To isolate viruses, specimens were first placed in tubes
containing 3 mi of transport medium consisting of MEM with
0.5% gelatin, 100 units of penicillin, and 100 £g of strepto-
myein per ml. They were then transported to the Department

of Microbiology, Yamagata Prefectural Institute of Public
Health, Yamagata, Afiter centrifugation of the specimens at
3,000 rpm for 15 min, 75 #1 of the supernatant was inoculated
directly onto the two wells of each cell line. The remainder
of each specimen was stored at —80°C. The inoculated plates
were centrifuged for 20 min at 2,000 rpm, incubated at 33°C
in a 5% CO, incubator, and assessed for cytopathic effect
{CPE) for 14 days, except for the Vero E6 cell lines, which
were observed for approximately 1 month without medium
change in order to isolate hMPVs (18).

Cultures were tested for hemagglutination (HA) on the 7th-
8th days after specimen inoculation for all specimens, as fol-
lows. Fifty microliters of MDCK primary culture fluid were
transferred to two wells of a 96-well U-shaped plate (Nalge
Nungc, International K.K., Tokyo. Japan) and an equal volume
of guinea pig erythrocytes (0.8%) or chicken erythrocytes
(0.5%) was added to each well. After vibration, the plates
were incubated at 4°C for 45 min, and then the HA positivity
for each erythrocyte was examined. HA testing was also
perfonmed as necessary for the Vero E6 primary culture fluid.

When a CPE was observed, the whole well culture was
transferred dircctly into one well of the identical cell line,
which was prepared in advance in 24-well culture plates
{Greiner Bio-One). As most viruses afford typical microscopic
CPE images and cell sensitivity patterns, we speculated that
they could be identified from the observed CPE. When
cultures were found to be HA-positive regardless of any clear
CPE, we proceeded with the identification step as previously
described (12,17). However, when viruses could not be iden-
tified using these methods, we also used an RT-PCR method
and sequencing analyses.

RESULTS

Using HHVe6MRG plates, 1,551 viruses were isolated
from the 4,107 throat and nasal swabs at a virus isolation rate
of 37.8%. Two kinds of viruses were isolated from 8 and 15
identical patients in 2004 and in 2005, respectively (dual in-
fection).

The number of isolates cultivated in each cell line is shown
by virus type in Table 2. All influenza viruses, including AHI,
AH3, B, and C, were recovered using the MDCK cell line.
Parainfluenza viruses were propagated in the Vero E6 and
MDCK cell lines, though Paral replicated more efficiently
in the Vero E6 cells, whereas Para3 replicated more readily
in the MDCK cells. Para2, along with hMPVs, was only iso-
lated in the Vere E6 cells. The respiratory syncytial (RS)
virus grew and showed optimum syncytia formation in the
HEp-2 cells, although syncytia were observed in other cells.
Forty-one and 31 mumps viruses clearly showed large syncytia
in the GMK and Vero E6 cells, respectively. Enteroviruses

Table 1. Composition of growth and maintenance medium for the six cell lines of the HHVe6MRG plate

Cell line HEF HEp-2 Vero E6 MDCK RD-188 GMK
" 3 0//) '4‘“4) . . . " . L2
Growth MEMU+10% FBSY  TEMESUES™E vt onris MEMAS%FRSH5%CS  MEM+8%FRS  MEM+S%FBS+
medium 1. 7%ghacose 50,08
MEM+0.2%glucose+5%  MEM+0.2%glucose+5%
Maintenance  \yppgi90, RS MEM+2%FBS ~ hamime viamme MEM32%FBS  MEM+2%FBS
medium solution+erystalized solutionterystalized
trypsin (2 Lg/mb)® trypsin (3.5 12g/ml)

7 Eagle’s minimum essential medium (MEM) including antibiotics (penicillin 50 units/ml and streptomycin 0.4 mg/ml).

15 Percentage and trypsin density indicate final concentration.
* Fetal bovine serum.
b Calf serum.
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Table 2. Number of viruses in each cell line from children with AR| by the HHVe6MRG

microplate method

X Cell line
Virus Total " -
HEF  HEp-2  VeroE6 MDCK  RD-18S  GMK
Flu AH1 2 "
AH3 244 244
B 197 107
C 28 28
Para | 89 71 23
2 41 41
3 s 23 101
4 | i
hMPV 79 79
RS 109 33 84 17 2 3
Mumps 43 2 3 41
Entero  CoxA2 29 29
CoxA4 55 ss
CoxA6 31 3
CoxAl4 2 } 2
CoxAle 7 4 1 7
CoxB1 41 25 16 39
CoxB3 17 2 12 11 12
CoxB4 5 2 2 5
CoxBS 21 I 1?7 10 16
Echel 34 32 28
Echo? 46 39 9 38 6
Echolé 21 i3 20
Polio] 6 4 4 5 6 4
Polio2 N 2 2 4 N 3
Untyped 2 i 2 i 1
Parecho 9 S 3 3
Rhino 21 21
Ad I 64 33 42 44 4 1S
2 64 53 53 42 6 14
3 80 74 34 3R 4 8
4 1 { I
5 18 12 13 13 3 6
6 2 2 1
Untyped 4 1 3
HSV 16 44 25 K3 18 24
UMV 62 62
Y Dual infection cases were counted independently for each virus,
were isolated using al} cell lines except for MDCK, whereas DISCUSSION

rhinoviruses could be cultivated only in HEF cells. Most
adenoviruses could be propagated in HEF, HEp-2, and Vero
E6 cells, but Ad3 grew best in HEF cells. HSVs showed CPEs
in all cell lines except for MDCK, and CMV growth was
observed only in HEF cells.

 The monthly distribution of the recovered viruses is shown
in Tables 3 and 4. Using the HHVe6MRG plate, a number of
respiratory viruses were isolated from ARI patients across
all seasons, covering outbreaks as well as sporadic cases.
Viruses were isolated each month throughout the 2-year study
period at an isolation rate of between 22.3 and 52.6%.

We then examined differences in virus types among the
different age groups. Patients were divided into four age
groups: 0-1 year, 2-4 years, 5-11 years, and >11 years. The
number of isolates for each virus is shown in Table 5. The
isolation rate was highest in the 0- | year age group (42.4%)
and gradually decreased with age. For patients aged 0- 1 year,
Para3, RS virus, Adl, Ad2, and CMV were frequently iso-
lated. For patients aged 2-4 years, FluAH3, Paral, RS virus,
and CoxA were often isolated, whereas for patients aged 5-
11 years, FluAH3, FluB, and CoxB were the most common
isolates.

—189—
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Recognizing the value of the original microplate method,
we developed a modified method as described previously
(17.18). The results obtained in 2004 and 2005 supported the
notion that the use of multiple cell lines can increase the iso-
lation rate of most viruses (Table 2). For example, although
most RS viruses (84/109) were isolated using the HEp-2 cell
line, 2§ strains were isolated by cell lines other than HEp-2,
and the use of GMK cell lines increased the virus isolation
rate of mumps, CoxAl6, CoxB1, and CoxB4. Furthermore,
HA testing with chicken erythrocytes for the primary MDCK
culture fluid provided a simple and effective way of differ-
entiating FluC from FluA and FluB, as FluC is known to
agglutinate chicken but not guinea pig erythrocytes,

Although the data for several viruses have been published
independently elsewhere, we here report the complete virus
isolation data for a 2-year period in the local community of
Yamagata. Detection data of such a wide range of viruses
have rarcly been reported, except in several studies that
recently tried to detect over 10 types of respiratory viruses
using an RT-PCR method (5,20). Together, Tables 3 and
4 clearly show that ARIs due to many respiratory viruses
oceurred in succession and/or concurrently in children in the



Table 3. Monthly distribution of viruses isolated from children with ARI by the HHVe6MRG microplate method (2004)

Virus Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec Total
Flu AH1 0
AH3 36 30 17 6 89
B 3 2 S
C 10 15 25
Para 1 | 1 3 2 1 2 10
2 1 I 3 14 9 9 4 41
3 5 30 ? ! 43
4 } 1
hMPV 2 6 10 I8
RS 2 S 12 12 22 6 59
Mumps 1 2 i 1 2 7
Entero  CoxA2 1 8 15 4 1 29
CoxAd 5 20 25 4 1 55
CoxA6 ]
CoxAl4 0
CoxAl6 1 1
CoxB! 4 6 5 8 5 B | 1 41
CoxB3 2 i 3
CoxB4 i [
CoxB5S | |
Echo3 2 14 4 it 1 1 1 34
Echo7 7 ¢ 8 3} 1 § 4 1 i 46
Echolé 0
Poliot -3 2 i 3 6
Parecho 3 2 6
Rhino i 1 2 I 1 i 1 1 10
Ad { i 1 2 5 3 ] 1 2 16
2 4 i } 2 6 [ i i 2 9 33
3 5 7 3 3 i 1 3 23
4 I
S I ! | 2 | 3 | 12
6 1 |
HSV 2 3 2 2 3 ] 2 i i 17
MV i 3 2 2 5 4 3 2 3 3 4 32
Untyped i 2 3
Total 62 064 35 49 45 93 88 31 71 48 49 34 669
No. tested 125 163 157 118 131 216 178 1200 207 145 160 143 1,863¢
Isolation rate (%0) 49.6 393 223 41.5 344 431 494 258 343 331 306 238 359

- Five measles-suspected cases were excluded.

community. Applying the microplate method throughout the
year cnabled us to isolate viruses that circulated at unexpected
times, contrary to their described epidemiology. Although
Williams et al. showed the epidemiologic patterns of lower
respiratory tract infections with hMPV, RS virus, parainflu-
enza virus, and other viruses (21), our data suggested that all
of these viruses should be considered causative agents even
in the summer. The observation that Paral, Para3, hMPV, RS
virus, and rhinoviruses circulated between April and Septem-
ber 2005 is quite important in that ARIs due to these viruscs
show similar symptoms, including lower respiratory infec-
tions, bronchitis and pneumonia (3,19,22), and the etiological
diagnosis of these viruses is difficult. These data will help
pediatricians determine in which seasons they should use
the rapid diagnostic test kits available for influenza virus,
RS virus, and adenovirus. Moreover, information on which
viruses are commonly detected in the various age groups is
sure to aid diagnosis and treatment. ’
Once isolated, the stocked isolates are available at any
time for further epidemiological analyses. This affords a great
advantage over RT-PCR methods. For example, to date we
have clarified the molecular epidemiology and performed
antigenic analyses on adenovirus, FluB. FluC, EV7], and
hMPV (18,23-28), utilizing stocked isolates. Further, as
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infectious discases can spread worldwide rapidly, epidemio-
logical surveillance in a local community such as Yamagata
now has the potential to act as part of a national, regional, or
even international surveillance of emerging and re-emerging
diseases. Indeed, a number of studies have already been pro-
duced from the results of microplate systems (29-31). Thus,
we believe that a virus isolation technique such as a modified
microplate system is still of great use in clarifying the ctiology
and epidemiology of ARI in children, even though RT-PCR
methods are superior in terms of rapidity and sensitivity,
especially for elinical purposes (3,5-10).

As we believe that virus isolation is still an important
basic method for clarifying the etiology and epidemiology of
ARIs, our aim is to further modify the microplate system
described herein in order to better contribute to virus detec-
tion and epidemiological analysis systems in the future,
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Table 4. Monthly distribution of viruses isolated from children with AR by the HHVe6MRG microplate method (2005)

Virus Jan  Feb Mar Apr May Jun Jul  Aug  Sep Ot Nov Dec Total
Flu AH1 i 1 2
AH3 6 41 49 10 10 2 i 15 21 155
B 9 50 31 9 3 102
C i 1 1 3
Para i 5 15 14 6 13 4 3 4 5 79
2 0
3 4 22 29 14 3 72
4 0
hMPV 1 10 15 12 9 10 1 2 1 61
RS 6 1 4 4 1 i i 2 s It i4 50
Mumps 3 2 2 3 5 1 5 5 7 3 36
Entero CoxA2 0
CoxA4 0
CoxAb 1 3 9 11 5 2 31
CoxAld 1 l 2
CoxAl6 i 3 2 6
CoxBI 0
CoxB3 2 6 3 2 | 14
CoxB4 ! 2 { 4
CoxBS | 3 9 4 2 ! 20
Echo3 0
Echo7 0
Echol6 2 7 s 1 6 21
Poliol-3 2 2 i S
Parecho 1 2 3
Rhino 1 3 2 1 3 1 i1
Ad 1 5 8 8 7 3 7 3 4 2 48
2 4 3 3 3 3 l 4 i 5 4 31
3 5 1 ! i 6 s 7 3 7 11 57
4 0
5 1 ! 2 1 t 6
6 } 1
HSV 5 3 2 i I i I 2 3 4 S 1 29
CMV 1 4 2 7 3 t 4 6 2 30
Untyped i 2 3
Total 42 i 96 49 82 84 87 97 46 40 74 74 882
No. tested 124 211 209 168 202 223 211 200 176 160 185 175 2244
Isolation rate (%) 339 526 459 292 406 377 412 485 26.1 25 40 423 393
used in this study. 1397-1402.
This study was partially supported by Research on Emerging and Re-emerg- 8. Osiowy, C. {1998): Direct detection of respiratory syneytial virus, para-

ing Infectious Diseases. Labour and Welfare programs from the Ministry of
Health, Labour and Welfare of Japan.
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The clinical impact of human metapneumovirus
{(hMPV) genotypes and the relation between the
hMPV genotype in circulation and genotype-
specific seroprevalence are yet to be clarified.
We determined the genotypes of 93 hMPV strains
that were isolated between 2004 and 2006 in
Yamagata, Japan, and identified 35 genotype A2,
14 genotype B1, and 44 genotype B2 isolates.
Children infected with genotype A2 hMPV were
significantly oider than those infected with geno-
type B1 hMPV. Diagnosis of laryngitis was more
common in children with genotype B1 hMPV
infection and wheezing was more prevalent in
children with genotype B1 and B2 hMPV infection
than in those with genotype A2 hMPV infection.
We then examined genotype-specific seropreva-
lence by neutralization assay. The higher sero-
positive rate for the B2 genotype among the
children aged 1-2 years is likely to reflect the
outbreak of B2 genotype strains in the pre-
vious year in this community. The low sero-
positive rate for the B1 genotype among children
aged 1-2 years appears to be associated with a
finding that more than 70% of children infected
withthe B1 genotype were less than 3 years old. In
conclusion, we found that the different clinical
characteristics of hMPV infection may be asso-
ciated with hMPV genotype, and the predominant
genotype during a season and the affecting
age may be closely related to genotype-specific
immune status within a community. J. Med.
Virol. 80:1084-1089, 2008.
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KEY WORDS: human metapneumovirus; geno-
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INTRODUCTION

Human metapneumovirus (hMPV) is a newly dis-
covered pathogen associated with respiratory infections

© 2008 WILEY-LISS, INC.

ranging from upper respiratory infections to lower
vespiratory infections, such as bronchitis, bronchiolitis
and pneumonia, and has been classified as a member of
the genus Metapneumovirus of the subfamily Pneuro-
virinae of the family Paramyxoviridae [van den Hoogen
et al.,, 2001; Boivin et al., 2002; Bastien et al., 2003;
Williams et al., 2004]. Based on genetic and phylogenetic
analyses, hMPV is separated into two subgroups A and
B, with each subgroup divided into genotypes 1 and
2 [van den Hoogen et al,, 2004). Each season, several
different hMPV genotypes cocirculate, with the pre-
dominant genotypes varying from season to season
[Mackay et al., 2006; Williams et al., 2006]. Almost all
children are infected with hMPV by the age of § years
[van den Hoogen et al., 2001; Ebihara et al., 2008; Leung
et al., 2005}, but the relationship between reinfection
and immunity is not well understood. Further, the
relationship between the predominant hMPV genotype
and genotype-specific seroprevalence in a community is
yet to be clarified.

Respiratory syncytial virus (RSV), which belongs to
the subfamily Pneumovirinae, is also divided into
subgroups A and B, and some studies have reported
that subgroup Aisolates are associated with more severe
illness [Walsh et al., 1997; Gilca et al., 2006). Although
a few studies have reported differences in clinical
severity between hMPV subgroups A and B [Agapov
et al., 20086; Vicente et al., 2006], the relation between
hMPYV genotypes and severity remains unclear.
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Clinical Impact and Immunity of hMPV Genotype

We recently found that Vero E6 cells are useful for the
isolation of hMPV and reported an outbreak of hMPV in
Yamagata, Japan in 2004 and 2005 [Abiko et al., 2007).
In this article, we clarify the epidemiological charac-
teristics of the hMPV strains isolated during outbreaks
in a Yamagata community between 2004 and 2006, and
estimate the impact of genotype on clinical features and
seroprevalence. Additionally, we report the neutralizing
antibody response of children who were infected with
hMPV.

MATERIALS AND METHODS
Collection of Specimens

From January 2004 to December 20086, 3,649 throat
and nasal specimens were collected from children
<15 years old who visited Yamanobe Pediatric Clinic
in Yamagata with acute respiratory symptoms. After
collection, the specimens were kept in tubes containing
a transport medium for 1-4 days at 4°C and then
transported to Yamagata Prefectural Institute of Public
Health for virus isolation.

Virus Isolation and Identification

Virus isolation was carried out using a modified
microplate method as described previously [Mizuta
et al., 2005; Matsuzaki et al., 2006; Abiko et al., 2007].
Briefly, after centrifugation at 3,000 rpm for 15 min,
75ul of superndtant from each sample was inoculated
onto the following cell lines in 96-well plates: human
embryonic fibroblast (HEF), Hep-2, Vero E6, MDCK,
rhabdomyosarcoma (RD-18S), and green monkey kid-
ney cell line. The inoculated plates were then incubated
at 33°C in a COg4 incubator. When a suspected hMPV
CPE was observed in the Vero E6 cell line, viral
identification was carried out by RT-PCR and then
determination of genotype was performed by sequence
analysis for a part of fusion region using primers
MPVF1f, MPV Flr, BF10l, and BF104 [Peret et al,,
2002; van den Hoogen et al., 2004].

Serum Samples

Human serum samples were collected in Yamagata
between April and September 2005, as part of the
national epidemiological surveillance of vaccine-
preventable diseases led by the Japanese Ministry
of Health, Labor and Welfare. We used a total of
213 samples; 14 samples from children <1 year old,
20 from 1 year olds, 17 from 2-year olds, 17 from 3-year
olds, 12 from 4-year olds, 10 from 5-year olds, 31 from
6-to 10-year olds, 36 from 11- to 15-year olds, 25 from 16-
to 30-year olds, and 31 from residents over the age of 30,
from whom informed consent was received (either from
the individual or guardian). The samples from children
less than 15 years of age were all collected from children
with acute respiratory symptoms or gastroenteritis at
Yamanobe Pediatric Clinic, The samples were stored at
~20°C until use.
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Neutralization Test

Three hMPV strains 871-Yamagata-05, 901-Yama-
gata-05, and 1132-Yamagata-05, which are representa-
tive strains for genotypes B1, A2, and B2, respectively,
were used as antigens of the neutralization test. A total
of 60 pl of MEM containing serial twofold dilutions of
sera, which had been inactivated at 56°C for 30 min,
were incubated with an equal volume of MEM contain-
ing approximately 100 TCIDjg of the virus at 37°C for
1 hr. After incubation, 50 pl of the virus-antibody
mixture was added to each of 2 wells of a 96-well plate
containing Verc E6 cells, washed and then MEM
containing 2 pg/ml trypsin was added. The cells were
grown for 7 days at 83°C and examined for hMPV-
induced cytopathic effect (CPE). The titer was expressed
as the reciprocal of the serum dilution that completely
inhibited CPE.

Clinical Data

Clinical data of the children from whom hMPVs
were isolated were obtained retrospectively from their
medical records. Children from whom another res-
piratory virus was isolated at the same time were not
included in the analysis.

Statistical Analysis

Statistical analysis was performed using the
StatView-J 4.02. Categorical variables were compared
by #2 test, and the Mann-Whitney U-test was used to
compare median values. A P-value of <0.05 was
regarded as statistically significant.

RESULTS

Epidemiological Characteristics
of hMPYV Infection

From 1 January 2004 to 31 December 2006, 3,649
specimens were obtained from children with acute
respiratory tract infections, and a total of 93 (2.5%)
hMPVs were isolated. The isolation rate by year was
1.5% (18 from 1,177 specimens) in 2004, 3.7% (44 from
1,192 specimens) in 2005 and 2.4% (31 from 1,280
specimens) in 2006.

Genotypes of the isolated hMPVs were identified from
the results of phylogenetic tree analysis performed
using the sequenced region of the F gene. The monthly
distribution and genotypes are shown in Figure 1. The
number of subgroup A genotypes isolated from samples
collected over 3-year period was 35 (38%) and that of
subgroup B genotypes 58 (62%). Genotype Al was not
isolated during the study period; therefore, the propor-
tions of A2, B1, and B2 genotypes were 35 (38%),
14 (15%), and 44 (47%), respectively. Roughly equiva-
lent numbers of genotype A2 isolates were observed in
2005 (54% of total A2 isolates) and 2006 (46% of total A2
isolates), whereas genotype Bl was predominant in
2005 (93% of total B1 isolates), and genotype B2 strains
were in circulation over all three seasons (39% of total B2
isolates in 2004, 27% in 2005, and 34% in 2006).

J. Med. Virol. DOI 10.1002/jmv
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Fig. 1. Monthly distribution and genotypes of hMPV strains isolated from specimens collected at
Yamanobe Pediatric Clinic in Yamagats, Japan between 2004 and 2006,

The median age of the children with hMPV infection
was 2 years (range, 1-7 years) in 2004, 2 years (range,
9 months—~11 years) in 2005, and 3 years (range,
7 months—13 years) in 20086.

Comparison of Clinical Characteristics
Between hMPYV Genotypes

A comparison of clinical characteristics between
hMPV genotypes was made for 87 of 93 patients with
hMPV infection (Table I). The median age of patients
was significantly older (3 vs. 1.5, P < 0.05) in children

infected with genotype A2 hMPV than in children
infected with genotype B1 hMPV, and the range in age
was greater for those infected with genotypes A2 and
B2 than for those with genotype B1. In genotype A2
hMPV-infected children, the nasal discharge was more
frequent whereas wheezing was less frequent than in
genotype B1 and B2 hMPV-infected children (P < 0.05).
In the children infected with genotype B1 hMPV, the
most frequent diagnosis was bronchitis (35.7%), but
none were diagnosed with pneumonia. Laryngitis was
diagnosed in 8 (21.4%) of the 14 children with genotype
B1 hMPV, but in none of 30 children infected with

TABLE L. Comparison of Clinical Characteristics Between Human Metapneumovirus

(hMPV) Genotype
hMPV genotype

Variable A2 (n=30) Bl (n=14) B2 n=43)
Male sex; no. of patients (%) 15 (50.0) 8 (57.1) 18 (41.9)
Median age of patients (range) 3 (Tm-11y) 1.5 (Om-—4y)* 2 (9m~13y)
Age; no. of patients (%)

0-11 months 2(6.7) 1(7.1) 2 4.7

1-2 years 9 (30.0) 9 (64.3) 21 (48.8)

3-4 years 8 (26.7) 4 (28.6) 12 (27.9)

5--6 years 5(16.7) 0 3 (7.0)

>6 years 6 (20.0) 0 5(11.6)
Sign and symptoms; no. of patients (%)

Cough 30 (100) 14 (100) 42 (97.7)

Nasal discharge 18 (60.0) 5(35.7) 22 (51.2)

Wheezing 1(3.3) 4 (28.6)** 11 (25.8)*

Fever 27 (90.0) 12 (85.7) 40 (93.0)
Maximum temperature, median, °C 38.5 38.7 38.8
Duration of fever, median, days (range)? 4 (2--6) 4 (0-11) 4 (1-7
Leukocyte count, medxan, leukoc'ytes/plb 7,300 9,400 7,900
C reactive protein level, median, mg/di® 0.65 0.8 1.0
Treatment; no. of patients (%)

Intravenous rehydration 6 (20.0) 5 (35.7) 11 (25.6)

Antibiotics 8 (26.7) 5 (35.7) 12 (27.9)
Final diagnosis; no. of patients (%)

Pneumonia 13.3) 0 1(2.3)

Bronchiolitis 0 1(7.1) 3(7.0)

Bronchitis 9 (30.0) 5 (35.7) 11 (25.6)

Laryngitis 0 3 (21.4)%* 3(7.0)

Upper-respiratory-tract illness 20 (66.7) 5(35.7) 24 (65.8)

Gastroenteritis 0 0 1(2.3)

8Number of subjects is 16 for genotype A2, 14 for genotype B1, and 28 for genotype B2.
"Number of subjects is for 8 for genotype A2 5 for genotype Bl and 15 for genotype B2.

*P<0.05in Mann—Whltney U-test.
*#P < (.05 in z° test.

J. Med. Virol. DOI 10.1002/imv
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TABLE II. Genotype-Specific Serum Antibody Response in Children With Human Metapneumovirus (hMPV) Infections

hMPV neutralization
Time from respiratory titers
Date of respiratory Genotype of isolated specimen collection to
Patientno. Age specimen collection hMPV strain serum collection, days A2 B1 B2
1 ly June 27, 2005 B1 +7 32 128 128
2 2y May 2, 2005 A2 +22 128 32 32
August 5, 2005 B2

3 10m July 23, 2005 B2 —-28 <® < <
+77 8 8 16

4 ly May 11, 2005 A2 0 < < <

+168 8 < 8

2, Less than 8.

genotype A2 hMPV (P <0.05). Three (7.0%) of the
43 children infected with genotype B2 hMPV were also
diagnosed with laryngitis, but there was no significant
difference in the frequency compared with that of
children infected with genotype A2 hMPV.

Genotype-Specific Neutralization Titers in
Children Infected With hMPV

We examined the hMPV neutralization titers of six
sera obtained from four children for whom hMPV
infection was identified between 2004 and 2006
(Table II). A 1-year-old boy (Patient 1 in Table II), who
was infected with the Bl genotype, had a titer of
128 against the Bl and B2 genotypes and a titer of
32 against the A2 genotype 7 days later. A 2-year-old girl
{(Patient 2 in Table II) infected with the A2 genotype
had a titer of 128 against the A2 genotype and a titer of
32 against the Bl and B2 genotypes 22 days later,
though she wasinfected with genotype B2 hMPV 92 days
after the initial infection. The antibody titers of the sera
that had been obtained 77 and 168 days post-infection
ranged from 8 to 16.

Seroprevalence of hMPV Genotype

Sera samples from 213 residents in Yamagata aged
from 3 months to 82 years collected between April and
September 2005 were applied to serological analysis,
and the results are shown in Figure 2. The overall
seropositive rates against genotype A2, B1, and B2

100

hMPV by neutralization assay were 71.8%, 70.0%, and
71.4%, respectively. The seropositive rate increased
from 2 years of age and reached a maximum (80%)
in children aged 5 years. Among the children aged
1-2 years, the prevalence of antibodies to the B2
genotype was slightly higher than that of antibodies to
the A2 genotype, and was obviously higher than that of
antibodies to the B1 genotype. There were no apparent
differences between the prevalence of antibodies to
the A2, B1, and B2 genotypes among the children aged
3-10 years. In the over-10-years group, the prevalence
of antibodies to the A2 or B2 genotype was higher than
that of antibodies to the B1 genotype, and the median
neutralization titer to the A2 genotype was two times
higher than those to the B1 and B2 genotypes (data not
shown).

DISCUSSION

Our genetic analysis of hMPV isolates revealed that
multiple hMPV genotypes cocirculated in the local
comimunity over three seasons. The circulation pattern
of each genotype was, however, different. Qutbreaks of
genotype B2 strains occurred annually, but genotype
B1 was only prevalent in 2005. Genotype A2 strains
circulated in both 2005 and 2006. It appears that
outbreaks of each hMPV genotype occur independently.
No genotype Al strains were isolated in Yamagata
between 2004 and 2006, and this finding agrees with a
previous study by Kaida et al. [2006], which reported
that only 1 genotype Al isolate (from 2004) was found
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Fig. 2. Prevalence of genotype-specific neutralized antibodies to hMPV detected in 213 residents in
Yamagata, categorized by age group. Bars represent the rates of hMPV seropositivity.
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among 29 strainsisolated in Osaka City, Japan between
2004 and 2005. It appears that few genotype A1 hMPV
strains were in circulation in Japan during this period.

A comparison of clinical features by genotype showed
that the frequency of laryngitis was higher in children
with a genotype B1 hMPV infection whereas wheezing
occurred more often in association with genotype Bl
and B2 hMPV infections than with genotype A2 hMPV
infections (P <0.05). These results suggest that dif-
ferences in pathogenesis may be dependent on hMPV
genotype. The few previous studies that described the
relationship between hMPV genotype and disease
severity found either no difference [Agapov et al,
2006] or a pgreater severity of infection associated
with genotype A hMPV [Vicente et al., 2006]. We could
not compare the severity of illness as all but two children
were outpatients: one of those hospitalized was a girl of
three who was infected with genotype A2 hMPV and
diagnosed with pneumonia, and the other was a girl of
two who was infected with genotype B2 hMPV and
diagnosed with bronchitis. However, there were no
significant differences in maximum temperature, dura-
tion of fever, leukocyte count, level of C reactive protein
or treatment among children infected with genotype A2,
B1, and B2 hMPV. The relationship between virus
genotype and severity has been often described for RSV
infection. Some studies suggested that infection with
subgroup A RSV is associated with more severe illness
[Walsh et al., 1997; Gilca et al., 2006), whereas other
reports found no differences between RSV subgroups
[Mclntosh et al., 1993; Martinello et al., 2002]. Gilca
et al. [2006] suggested that these discrepancies could be
attributed to differences in study design and population,
definitions of disease severity, and distribution of
genotype shifts from year to year. We agree with this
explanation and believe that additional studies on a
larger population are needed to define the role of A(MPV
genotype in pathogenesis.

In this study, the neutralization titer of sera obtained
from children with hMPV infection increased against
both genotypes A and B, though it was four times higher
against the infecting genotype, and then decreased
for about 100 days from the time of infection. Although
post-infection sera may have cross protection against
different genotypes soon after infection, it is unlikely to
protect against reinfection with a different genotype
from about 100 days after the initial infection; for
instance, the 2-year-old girl infected with the A2
genotype was infected with B2 genotype 92 days after
the initial infection.

The predominant genotype and the affecting age may
be closely related to genotype-specific immune status
within a community. In this study, the majority of cases
for all genotypes occurred in the younger age groups
with lower seropositive rates. There appears to be
an association between the lower seropositive rate for
genotype Bl among children aged 1~2 years and our
result that more than 70% of children infected with the
genotype Bl in 2005 were less than 3 years old. The
higher seropositive rate for genotype B2 is likely to

J. Med. Virol. DOI 10.1002/jmv
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reflect the outbreak of genotype B2 strains in the
previous year in this community. More than 90% of
children are infected with hMPV by the age of 5 years;
therefore, hMPV infections in children over 5 years of
age are probably cases of reinfection. In our study, 30%
of children infected with genotype A2 hMPV were over
5 years of age, and were significantly older than children
infected with genotype B1 hMPV (P < 0.05). Moreover,
the median neutralizing antibody titer against the A2
genotype among the residents over 10 years of age was
higher than that against B1 and B2 genotypes (data not
shown). These finding may suggest that reinfection
with A2 genotype was more frequent than that with B1
or B2 genotype. Continued observation within this
community is, however, required to determine whether
the incidence of reinfection is associated with hMPV

genotype.

Finally, we demonstrated that certain clinical charac-
teristics are dependent on hMPV genotype and sug-
gested an association between the hMPV genotype
in circulation and genotype-specific seroprevalence,
though additional studies are, of course, necessary.

REFERENCES

Abiko C, Mizuta K, Itagaki T, Katsushima N, Ito S, Matsuzaki Y,
Okamoto M, Nishimura H, Acki Y, Murata T, Hoshina H, Hongo S,
Ootani K. 2007. Outbreak of human metapneumovirus detected by
use of the Vero E6 cell line in isolates collected in Yamagata, Japan,
in 2004 and 2005. J Clin Microbiol 45:1912—1919.

Agapov E, Sumino KC, Gaudreault-Keener M, Storch GA, Holtzman
MJ. 2008. Genetic variability of human metapneumovirus infec-
tion: Evidence of a shift in viral genotype without a change in
illness. J Infect Dis 193:396-403.

Bastien N, Ward D, Van Caeseele P, Brandt K, Lee SH, McNabb G,
Klisko B, Chan E, Li Y. 2003. Human metapneumovirus infection in
the Canadian population. J Clin Microbiol 41:4642—4646.

Boivin G, Abed Y, Pelletier G, Ruel L, Moisan D, Cote S, Peret TC,
Erdman DD, Anderson LJ. 2002. Virological features and clinical
manifestations associated with human metapneumovirus: A new
paramyxovirus responsible for acute respiratory-tract infections in
all age groups, J Infect Dis 186:1330-~1334.

Ebihara T, Endo R, Kikuta H, Ishiguro N, Yoshiocka M, Ma X,
Kobayashi K. 2003. Seroprevalence of human metapneumovirus
in Japan, J Med Virol 70:281-283.

Gilea R, De Serres G, Tremblay M, Vachon ML, Leblanc E, Bergeron
MG, Dery P, Boivin G. 2006. Distribution and clinical impact of
human respiratory syneytial virus genotypes in hospitalized
children over 2 winter seasons. J Infect Dis 193:54-58,

Kaida A, Iritani N, Kubo H, Shiomi M, Kohdera U, Murakami T, 2008.
Seasonal distribution and phylogenetic analysis of human metap-
neumovirus among children in Osaka City, Japan. J Clin Virol 85:
394--399.

Leung J, Esper F, Weibel C, Kahn JS. 2005. Seroepidemiology of
human metapneumovirus (bMPV) on the basis of a novel enzyme-
linked immunesorbent assay utilizing hMPV fusion protein
expressed in recombinant vesicular stomatitis virus. J Clin
Microbiol 43:1213-1219.

Mackay IM, Bialasiewicz S, Jacob KC, McQueen E, Arden KE, Nissen
MD, Sloots TP. 2006. Genetic diversity of human metapneumovirus
over 4 consecutive years in Australia. J Infect Dis 193:1630—~1633.

Martinello RA, Chen MD, Weibel C, Kahn JS. 2002. Correlation
between respiratory syncytial virus genotype and severity of
illness. J Infect Dis 186:839~842.

MatsuzakiY, Katsushima N, Nagai Y, Shoji M, Itagaki T, Sakamoto M,
Kitaoka 8, Mizuta K, Nishimura H. 2008. Clinical features of
influenza C virus infection in children. J Infect Dis 193:1229—1235,

Mcintosh ED, De Silva LM, Oates RK. 1993. Clinical severity of
respiratory syncytial virus group A and B infection in Sydney,
Australia. Pediatr Infect Dis J 12:815-819,

-197-



Clinical Impact and Immunity of hMPV Genotype

Mizuta K, Abiko C, Murata T, Matsuzaki Y, Itagaki T, Sanjoh K,
Sakamoto M, Hongo S, Murayama S, Hayasaka K. 2005. Frequent
importation of enterovirus 71 from surrounding countries into
the local community of Yamagata, Japan, between 1998 and2003.
J Clin Microbiol 43:6171-6175.

Peret TC, Boivin G, 11 Y, Couillard M, Humphrey C, Osterhaus AD,
Erdman DD, Anderson LJ. 2002. Characterization of human
metapneumoviruses isolated from patients in North America.
J Infect Dis 185:1660-1663.

van den Hoogen BG, de Jong JC, Groen J, Kuiken T, Groot R, Fouchier
RA, Osterhaus AD. 2001. A newly discovered human pneumovirus

isolated from young children with respiratory tract disease. Nat
Med 7:719-724.

van den Hoogen BG, Herfst S, Sprong L, Cane PA, Forleo-Neto E, de
Swart RL, Osterhaus AD, Fouchier RA. 2004. Antigenic and genetic

variability of human metapneumoviruses. Emerg Infect Dis 10:
658-666.

1089

Vicente D, Montes M, Cilla G, Perez-Yarza EG, Perez-Trallero E. 20086.
Differences in clinical severity between genotype A and genotype B
human metapneumovirus infection in children. Clin Infect Dis
42:e111-€113.

Walsh EE, McConnochie KM, Long CE, Hall CB, 1997, Severity of
respiratory syncytial virus infection is related to virus strain.
J Infect Dis 175:814--820.

Williams JV, Harris PA, Tollefson SJ, Halburnt-Rush LL,
Pingsterhaus JM, Edwards XM, Wright PF, Crowe JE. 2004.
Human metapneumovirus and lower respiratory tract disease in
otherwise healthy infants and children. N Engl J Med 350:443-
450.

Williams JV, Wang CK, Yang CF, Tollefson SJ, House FS, Heck JM,
Chu M, Brown JB, Lintao LD, Quinto D, Chu D, Spaete RR,
Edwards KM, Wright PF, Crowe JE. 2006. The role of human

metapneumovirus in upper respiratory tract infections in children:
A 20-year experience. J Infect Dis 193:387-395.

J. Med. Virol. DOI 10.1002/jmv

-198—



Immunology Letters 118 (2008) 88-95

Contents lists available at ScienceDirect

Immunology Letters

journal homepage: www.elsevier.com/locate/

Interferon-y enhances human eosinophil effector functions induced by
granulocyte-macrophage colony-stimulating factor or interleukin-5

Takafumi Yamaguchi®<, Hirokazu Kimura®, Masahiko Kurabayashi®,
Kunihisa Kozawa?, Masahiko Katod:*

2 Gunma Prefectural Institute of Public Health and Environmental Sciences, 378, Kamioki-machi, Maebashi, Gunma 371-0052, Japan

b Department of Infectious Diseases Surveillance Center, National Institute of Infectious Diseases, 4-7-1, Gakuen, Musashimurayama, Tokyo 208-0011, Japan

¢ Department of Medicine and Biological Science, Gunma University Graduate School of Medicine, 3-39-22, Showa-machi, Maebashi, Gunma 371-8511, Japan
d Department of Allergy and Immunology, Gunma Children’s Medical Center, 779, Hokkitsu-machi, Shibukawa, Gunma 377-8577, Japan

ARTICLE INFO ABSTRACT
Article history: T helper (Th) 2-type cytokines play a dominant role in allergic inflammation. Accumulating evidence
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demonstrate that Th1 cytokines might enhance Th2 immune responses. We examined whether interferon
(IFN)-y, a representative Th1 cytokine, modifies the effector functions of human eosinophils stimulated
by granulocyte-macrophage colony-stimulating factor (GM-CSF) and interleukin (IL)-5. GM-CSF and IL-
5 have significant functional homology, and contribute to the regulation of Th2 immunity. After the

ﬁfﬁ; ":f‘; rl_‘f)sr';_ pretreatment of eosinophils with IFN-y, GM-CSF- or IL-5-induced eosinophil functions were examined,
Eosinophils:Y including superoxide anion generation, degranulation, adhesion, expression of GM-CSF receptor (R), IL-

5R, or CD11b, and phosphorylation of intracellular signaling molecules. Superoxide anion generation was
measured using the cytochrome ¢ reduction method. Degranulation and cell adhesion were evaluated
based on eosinophil-derived neurotoxin (EDN) contents in supernatants or adherent cells. Phosphoryla-
tion of signaling molecules was analyzed using a multiplex beads array system. Preincubation with IFN-y
resulted in enhanced GM-CSF- or IL-5-induced superoxide anion generation and degranulation of human
eosinophils, whereas stimulus-induced eosinophil adhesion was unaffected. In addition, IFN-y did not
influence the expression of GM-CSFR, IL-5R, and CD11b. Furthermore, IFN-vy upregulated GM-CSF- or IL-
5-induced phosphorylation of extracellular signal-regulated kinase (ERK), p38 mitogen-activated protein
kinase (MAPK), c-jun N-terminal kinase (JNK), and activating transcription factor (ATF)-2. Finally, we con-
firmed that MAPK inhibitors blocked the enhancement of stimuli-induced superoxide anion generation of
IFN- treated eosinophils. In conclusion, IFN-y might upregulate ERK, p38, or JNK/ATF-2 phosphorylation
induced by GM-CSF or IL-5, leading to enhanced cytokine-induced eosinophil superoxide generation and
degranulation.

Granulocyte-macrophage
colony-stimulating factor
Interleukin-5

Superoxide anion generation

© 2008 Elsevier B.V. All rights reserved,

1. Introduction cytokines including interleukin (IL)-4, IL-5, IL-9, and IL-13 [ 2]. These

cytokines orchestrate the recruitment and activation of different

Eosinophils are involved in the pathogenesis of allergic diseases,
such as bronchial asthma, allergic rhinitis, and atopic dermati-
tis [1]. These allergic diseases are closely related to T helper (Th)
2 immune responses, which are characterized by high levels of

Abbreviations: ATF-2, Activating transcription factor-2; DMSQ, dimethyl sulfox-
ide; EDN, eosinophil-derived neurotoxin; ERK, extracellular signal-regulated kinase;
GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN, interferon; IL,
interleukin; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase;
NADPH, nicotinamide adenine dinucleotide phosphate; PMN, polymorphonuclear
leukocytes; RSV, respiratory syncytial virus; Th, T helper.

* Corresponding author. Tel.: +81 27 232 4881; fax; +81 27 234 8438,

E-mail address: mkato@gcmc.pref.gunma.jp (M. Kato).

0165-2478/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi: 10.1016j.imlet.2008.03.005

effector cells, such as eosinophils [3]. It has been recognized that
altering the cytokine-producing profile of Th2 cells by inducing Th1
responses may be protective against Th2-related diseases [4].
Interferon (IFN)-y is a representative Th1 effector cytokine
and is closely involved in protecting cells from viral infections [5].
Furthermore, it has been shown to play a crucial role in inhibiting
Th2 responses and Th2 immunity. Th1-stimulating activity of lung
macrophages inhibits Th2-mediated allergic airway inflamma-
tion by an IFN-y-dependent mechanism [6]. [FN-y exerts direct
inhibitory effects on Th2 cytokines, reducing the levels of IL-4
and IL-5 production. The IFN-y signaling pathway activates T-bet
protein, the Th1-specific and Th2-suppressing transcription factor.
In fact, ectopic expression of T-bet represses IL-4 and IL-5 in Th2
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cells [7]. IFN-y also has a crucial role in inhibiting Th2 responses,
but not only through T-bet expression. Loss of IL-4 receptor
responsiveness may be another mechanism that suppresses Th2
development in polarizing Th1 cells [8]. Another critical role of
IFN-v in allergic reactions is its ability to inhibit immunoglobulin
class switching to IgE, an important mediator of allergic pathologi-
cal states induced by Th2 cytokines [9]. Additionally, in vivo models
of allergic inflammation have also demonstrated the regulation of
allergen-induced eosinophilic infiltration by IFN-y. Recombinant
IFN-y treatment before inhalation of aerosolized antigen prevents
eosinophil infiltration into the trachea of sensitized mice [10]. It
has also been demonstrated that IFN-v is responsible for regulat-
ing the activation, differentiation and recruitment of eosinophils
[11,12]. Furthermore, Th2 cytokine production is enhanced in IFN~y
knockout mice [13].

Despite these reports, the role of IFN-y in promoting Thi-
and inhibiting Th2-type responses has also been the subject of
some controversy. Bocek et al. demonstrated that exogenous IFN-
~ enhanced in vive Th2 priming in an IFN-y-deficient mouse [14].
The proportions of IL-4-producing CD4* cells were lower in IFN-y
—J— mice than in wild-type mice. Administration of IFN-y caused
an increase in the proportion of T cells secreting IL-4. These results
suggest that efficient in vivo Th2 priming requires a small amount
of IFN-v. Juntti et al. have shown that children with asthma hos-
pitalized for respiratory syncytial virus (RSV) infection in infancy
have significantly higher concentrations of IFN-y than controls with
asthma without RSV infection [15], suggesting that an increase in
IFN-y after an early RSV infection may be related to the patho-
genesis of asthma. In addition, IFN-y promoted eosinophil survival
rather than apoptosis in vitro [16]. Furthermore, Fujii et al. demon-
strated that expression of cysteinyl leukotriene type-2 receptors
(CysLT2R) on eosinophils increases in patients during asthma exac-
erbation, especially in nonatopic subjects, and is upregulated by
IFN-vy. The authors therefore speculate that a pathway via CysLT2R
might modulate exacerbation of asthma [17].

In this study, we examined whether IFN-vy influenced effector
functions, such as superoxide anion generation and degranula-
tion, in GM-CSF- or IL-5-induced human eosinophils. GM-CSF has
a common § receptor subunit to IL-5, which is a representative
Th2 cytokine. These cytokines have significant functional homol-
ogy, and contribute to the regulation of Th2 immunity {18]. The
aim of the present study is to elucidate IFN-y implicated in the
function of GM-CSF- or IL-5-activated eosinophils. This experimen-
tal approach provides clarification of the association between Th1
cytokines and allergic asthma.

2. Materials and methods
2.1. Reagents

IFN-vy, GM-CSF, and IL-5 were purchased from R&D Systems
(Minneapolis, MN). IFN-y was dissolved in PBS, 0.1% human serum
albumin (HSA) at 100 p.g/ml (108 U/ml) and stored at —80°C. GM-
CSF and IL-5 were dissolved in PBS, 0.1% HSA at 10 pg/ml and stored
at —80°C. HSA and cytochrome ¢ were purchased from Sigma (St.
Louis, MO). FITC-conjugated anti-GM-CSFR, PE-conjugated anti-IL-
5R, PE-conjugated anti-CD11b mouse monoclonal antibody, and
mouse IgG1 control immunoglobulin were purchased from Bec-
ton Dickinson (San Jose, CA). The Bio-Plex 12-plex Phosphoprotein
Assay Kit and the Phosphoprotein Testing Reagent Kit were pur-
chased from Bio-Rad Laboratories (Hercules, CA). Extracellular
signal-regulated kinase (ERK) inhibitor peptide II, SB 202190 and
c-Jun N-terminal kinase (JNK) inhibitor I were obtained from
Calbiochem (La Jolla, CA). Inhibitors were dissolved in dimethyl
sulfoxide (DMSO) and stored at —~80°C.
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2.2. Cell preparation

Eosinophils were purified by a previously described method
using a magnetic cell separation system (MACS; Becton Dickinson,
San Jose, CA)[19,20]. Briefly, heparinized blood was obtained from
healthy donors and diluted with an equal volume of PBS. Diluted
blood was layered over Histopaque solution (density, 1.083 g/ml;
Sigma)and centrifuged at 1000 x g for 30 min. The supernatant was
then removed and erythrocyte pellets were subjected to two cycles
of hypotonic water lysis. Isolated granulocytes were washed with
PIPES (Sigma) buffer containing 1% FBS (JRH Biosciences, Lenexa,
KS), and an equal volume of anti-CD16 antibody-conjugated mag-
netic particles (Miltenyi Biotec GmbH, Bergish Gladbach, Germany)
was added to the cell pellet. After 45 min on ice, cells were resus-
pended and loaded onto a separation column positioned in a strong
magnetic field for MACS. Cells were eluted three times. Purity
of eosinophils was determined by counting Randolph’s stain in
more than 98% of them. Cell viability always exceeded 98%, as
determined by trypan blue exclusion and propidium iodide stain-
ing. Purified eosinophils (1 x 105 cells/ml) were suspended in RPMI
1640 with 25mM HEPES, 10% FBS and treated with or without
IFN-vy (500U/ml) for 4h at 37°C. In preliminary studies, there
was no difference in cell viability between IFN +/- cells (data not
shown).

2.3. Superoxide anion generation

Superoxide anion generation was measured using a cytochrome
¢ reduction method, as previously described [21,22]. After prein-
cubation with or without IFN-vy, eosinophils were suspended in
HBSS with 10mM HEPES, 0.01% gelatin at 5 x 10° cells/ml. Fifty
microliters of GM-CSF, IL-5 or medium were dispensed into HSA-
coated, flat-bottom 96-well tissue culture plates, foliowed by
100 .l of cell suspension. Immediately following the addition of
100 wM cytochrome c, reaction wells were measured for opti-
cal density at 550 nm in a microplate autoreader (SPECTRA MAX
190 microplate reader, Molecular Devices) for 3h. Superoxide
anion generation was calculated using £559=21.1 x 103 cm~1 M~!
for reduced cytochrome and expressed as nM of superoxide anion
generation/10° cells. In experiments using mitogen-activated pro-
tein kinase (MAPK) inhibitors, eosinophils treated with or without
IFN-vy were suspended in HBSS with 10 mM HEPES, 0.01% gelatin
at 105 cells/ml. Fifty microliters of the cells were preincubated
with 50 ! of medium, ERK inhibitor peptide II, SB 202190, or [NK
inhibitor I for 30 min at 37 °C in HSA-coated, flat-bottom 96-well
tissue culture plates. After incubation, the cells were stimulated
with 1ng/ml of GM-CSF or IL-5. Immediately following the addi-
tion of 100 wM cytochrome c, the reaction wells were measured
for optical density at 550 nm in a microplate autoreader for up to
3h.

2.4. Eosinophil degranulation

Eosinophil degranulation was assessed as previously described
[23,24]. Briefly, after preincubation with or without IFN-y,
eosinophils were suspended in RPMI 1640 with 25 mM HEPES,
0.01% gelatin at 10° cells/ml. One hundred microliters of cells were
dispensed in HSA-coated, flat-bottom 96 well tissue culture plates
followed by 100 ! of GM-CSF, IL-5, or medium. After 3 h of incu-
bation, the supernatants were collected and stored at —20°C until
enzyme immunoassay (EDN ELISA Kit, MBL) for eosinophil-derived
neurotoxin (EDN) content to quantitate eosinophil degranulation.
Total cellular EDN content was measured simultaneously in super-
natants from cells lysed with 0.5% Nonidet P-40 detergent. All
experiments were performed in duplicate.



