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were confirmed at the Virology Laboratory at the Faculty of Veterinary Science, Mahidol

University.

Satellite telemetry technique and data analysis

Eight gulls negative for influenza antigen were chosen for the satellite telemetry study.
The first gull was marked in March 2008 and the second lot of 7 gulls was marked during
February and March 2009. Each bird was tagged with a ring band and fitted with a solar
powered satellite platform transmitters (solar PTT-100, Microwave Telemetry, Inc.,
Columbia, MD) on its back by using Teflon harnesses (Bally Ribbon Mills, Bally, PA). A
transmitter weighing 12 g was used for the first gull and transmitters weighing 9.5 g were
used for remaining 7 gulls. On average, the transmitter packages weighed approximately
1.98 % of the bird’s body weight. After being marked, birds were released, usually within 1
hour, to a place close to the capture sites.

The solar PTT-100 transmitter operates at frequency of 401.650 MHz; and flyway
data from birds can be retrieved every 2 days. The standard duty cycle of the solar PTTs was
set at 10 hours on and 48 off for recharging the batteries. Signals were processed and the data
was provided by Argos CLS (Toulouse, France). Bird locations were analyzed and mapped
with Google Earth Program version 5.1(Google, Mountain View, CA, USA) with a precision
of <1500 m. When the transmitter signal from any tracked bird was lost, the observation was

still going on for at least one more month before concluding its disappearance.

Detection of H5N1 HPAI infection in study birds

Prevalence of influenza virus in this flock of gulls as well as the confirmation of the
negative results for influenza antigen detection was determined by real time reverse
transcription-polymerase chain reaction (RT-PCR) for viral genome detection and the virus
isolation from throat and cloacal swab samples. Serological techniques for detection of H5
antibody were performed by hemagglutination-inhibition (HI) assay and microneutralization
(microNT) assay; and that for detection of pan-influenza antibody was performed by ELISA.

Real time RT-PCR: Protocols from the Organization des Epizooties
(http://www.oie.int/fr /normes/mmanual/2008/pdf/2.03.04_Al.pdf) and/or those established
by the U.S. Centers for Disease Control and Prevention (CDC) were used for viral genome
detection and subtype identification. Throat and cloacal swabs from each bird were tested

separately.

11
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Virus isolation method: Cloacal and throat swab specimens were separately
inoculated in duplicate in embryonated eggs and a Madin Darby canine kidney (MDCK) cell
monolayer. Amniotic/allantoic fluid and culture supernatant were screened for presence of
influenza virus by hemagglutination with 0.5% goose red blood cells before subjected to
subtype identification by real time RT-PCR.

Hemagglutination-inhibition (HI) assay: The protocol for H5N1 antibody detection
was based on the method given for avian influenza in the World Health Organization (WHO)
manual on animal influenza diagnosis and surveillance [35] in which 0.5% goose
erythrocytes were chosen as the indicator as previously described by Louisirirotchanakul et al.
[36]. The assay was performed in micro-titer V plate in duplicate wells using replicating
Al/chicken/Thailand/ICRC-V143/07(H5N1) (accession No. EU233413-EU233420) at a final
concentration of 4 hemagglutination units/25 ul as the test antigen. Titer was defined as the
highest serum dilution that causes complete hemagglutination of the test erythrocytes.

Microneutralization assay: H5N1 antibody was detected by ELISA based MicroNT
assay using the protocols as described in the WHO manual for avian influenza [35], and
modified by Louisirirotchanakul et al. [36] in which MDCK cell suspension was replaced
with MDCK cell monolayer. The assay was performed in micro-titer plates in duplicate.
Al/chicken/Thailand/ICRC-V143/07(H5N1) at a final concentration of 100 TCID50 was used
as the test virus. Viral nucleoprotein synthesized was detected by a mouse monoclonal
antibody (Chemicon International, Inc., Tecumala, CA) as the primary antibody together with
horse radish peroxidase-conjugated rabbit anti-mouse Ig (Dako Cytomation, Denmark) as the
secondary antibody. Titer was defined as the highest serum dilution that causes a 50%
reduction in the amount of viral nucleoprotein synthesized.

ELISA: Sera were assayed for antibody to influenza A viruses (pan-influenza A
subtypes), using the type A influenza multi species antibody test kit (Al MSp) ( BioChek,

London, UK) according to the manufacturer’s instructions.

Virus challenge test

To study whether infected birds could survive the infection and still be able to carry
on migratory activity, wild birds were trapped and kept in captivity for a week prior to viral
inoculation. These gulls were negative for influenza virus infection. Each bird was intranasal
inoculated with 100 ul of A/Brown-head gull/Thailand/vsmu-4/2008(H5N1) (accession No.
EU676322-EU67329) at an inoculum dose of 10, 10° and 10 tissue culture infective dose 50

12
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(TCIDs0). Inoculated birds were kept in an isolator in an animal biosafety laboratory level 3,
Faculty of Veterinary Science, Mahidol University, and observed daily for signs, symptoms

and death until one month after inoculation.

Acknowledgements

We are grateful to the Department of National Park, Wildlife and Plant Conservation
for its collaboration, Ministry of Natural Resources and Environment, Thailand for their
collaboration. We thank Mr.Steve Durako and Mrs.Mekkla Thompson from Westat; Dr.Suda
Louisirirotchanakul, Dr.Chanwit Tribhudhirat and Mrs.Sawatdirak Sai-ngam for their
excellent coordinating and administrative support; and the field investigators and laboratory
team of the Monitoring and Surveillance Center for Zoonotic Diseases in Wildlife and Exotic

Animals, Faculty of Veterinary Science, Mahidol University.

References

1. Alexander DJ (2007) An overview of the epidemiology of avian influenza. Vaccine
25: 5637-5644.

2. Munster VJ, Baas C, Lexmond P, Waldenstrom J, Wallensten A, et al. (2007) Spatial,
temporal, and species variation in prevalence of influenza A viruses in wild migratory
birds. PLoS Pathog 3: e61.

3. Olsen B, Munster VJ, Wallensten A, Waldenstrom J, Osterhaus AD, et al. (2006)
Global patterns of influenza A virus in wild birds. Science 312: 384-388.

4. Chan PKS (2002) Outbreak of avian influenza A (H5N1) virus infection in Hong
Kong in 1997. Clin Infect Dis 34(Suppl 2): S58-64.

5. Ellis TM, Bousfield RB, Bissett LA, Dyrting KC, Luk GS, et al. (2004) Investigation
of outbreaks of highly pathogenic HSN1 avian influenza in waterfowl and wild birds
in Hong Kong in late 2002. Avian Pathol 33: 492-505.

6. World Health Organization (2011) H5N1 avian influenza: Timeline of major events.
Available:
http://www.who.int/csr/disease/avian_influenza/H5N1_avian_influenza_update.pdf.
Accessed 13 Dec 2011.

7. World Health Organization (2012) Cumulative number of confirmed human cases for
avian influenza A(H5N1) reported to WHO, 2003-2012. Available:

13



O©CoO~NOOTA~AWNPE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

http://www.who.int/influenza/human_animal_interface/EN_GIP_20120312uCumulati
veNumberH5N1cases.pdf. Accessed 12 Mar 2012.

Puthavathana P, Sangsiriwut K, Korkusol A, Pooruk P, Auewarakul P, et al. (2009)
Avian influenza virus (H5N1) in human, Laos. Emerg Infect Dis 15: 127-129.
Suwannakam K, Amonsin A, Sasipreeyajan J, Kitikoon P, Tantilertcharoen R, et al.
(2009) Molecular evolution of H5N1 in Thailand between 2004 and 2008. Infect
Genet Evol 9: 896-902.

Chen H, Smith GJD, Zhang SY, Qin K, Wang J, et al. (2005) Avian flu: H5N1 virus
outbreak in migratory waterfowl. Nature 436: 191-192.

Chen H, Li Y, Li Z, Shi J, Shinya K, et al. (2006) Properties and dissemination of
H5N1 viruses isolated during an influenza outbreak in migratory waterfow! in western
China. J Virol 80: 5976-5983.

Saad MD, Ahmed LS, Gamal-Eldein MA, Fouda MK, Khalil F, et al. (2007) Possible
avian influenza (H5N1) from migratory bird, Egypt. Emerg Infect Dis 13: 1120-1121.
Lee YJ, Choi YK, Kim YJ, Song MS, Jeong OM, et al. (2008) Highly pathogenic
avian influenza virus (H5N1) in domestic poultry and relationship with migratory
birds, South Korea. Emerg Infect Dis14: 487-490.

Gaidet N, Newman SH, Hagemeijer W, Dodman T, Cappelle J, et al. (2008) Duck
migration and past influenza A (H5N1) outbreak areas. Emerg Infect Dis 14: 1164-
1166.

Prosser DJ, Takekawa JY, Newman SH, Yan B, Douglas DC, et al. (2009) Satellite-
marked waterfowl reveal migratory connection between H5N1 outbreak areas in
China and Mongolia. Ibis 151: 568-576.

Gaidet N, Cappelle J, Takekawa JY, Prosser DJ, Iverson SA, et al. (2010) Potential
spread of highly pathogenic avian influenza H5SN1 by wildfowl: dispersal ranges and
rates determined from large-scale satellite telemetry. J Appl Ecol 47: 1147-1157.
Prosser DJ, Cui P, Takekawa JY, Tang M, Hou Y, et al. (2011) Wild bird migration
across the Qinghai-Tibetan plateau: a transmission route for highly pathogenic
H5N1.PLoS One 6: e17622.

Kou Z, Li Y, Yin Z, Guo S, Wang M, et al. (2009) The survey of H5N1 flu virus in
wild birds in 14 provinces of China from 2004 to 2007. PLoS One 4: €6926.

Lekagul B, Round PD (1991) A guide to the birds of Thailand. Bangkok:
SahaKarnBhaet Co. pp. 145-146.

14



O©CoO~NOOTA~AWNPE

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Chaipakdee M, Chaipakdee W (2009) Study on population and distribution of brown
headed gulls (Larusbrunnicephalus) in Thailand [in Thai]. Wildlife Yearbook 10: 99-
106.

BirdLife International. Species factsheet: Larusbrunnicephalus. Available:
http://www.birdlife.org/datazone/speciesfactsheet.php?id=3233. Accessed 20 Mar
2012.

BirdLife International. Important Bird Area factsheet: Inner gulf of Thailand.
Available: http://www.birdlife.org/datazone/sitefactsheet.php?id=15111. Accessed 20
Mar 2012.

Sokhema P, Sunadaa K (2006) The governance of the Tonle Sap Lake, Cambodia:
integration of local, national and international levels. Int J WatResour Dev 22: 399-
416.

Kilpatrick AM, Chmura AA, Gibbons DW, Fleischer RC, Marra PP, et al. (2006)
Predicting the global spread of H5N1 avian influenza. Proc Natl Acad Sci U S A 103:
19368-19373.

Gilbert M, Chaitaweesub P, Parakamawongsa T, Premashthira S, Tiensin T, et al.
(2006) Free-grazing ducks and highly pathogenic avian influenza, Thailand. Emerg
Infect Dis 12: 227-234.

Gilbert M, Xiao X, Pfeiffer DU, Epprecht M, Boles S, et al. (2008) Mapping H5N1
highly pathogenic avian influenza risk in Southeast Asia. Proc Natl Acad Sci U S A
105: 4769-4774.

Webster RG, Guan Y, Malik P, Chen H (2006) H5N1 influenza continues to circulate
and change. Features 1: 559-565.

Keawcharoen J, Oraveerakul K, Kuiken T, Fouchier RA, Amonsin A, et al. (2004)
Avian influenza H5N1 in tigers and leopards. Emerg Infect Dis 10: 2189-2191.
Songserm T, Amonsin A, Jam-On R, Sae-Heng N, Meemak N, et al. (2006) Avian
influenza H5N1 in naturally infected domestic cat. Emerg Infect Dis 12: 681-683.
Songserm T, Amonsin A, Jam-On R, Sae-Heng N, Pariyothorn N, et al. (2006) Fatal
avian influenza A H5N1 in a dog. Emerg Infect Dis12: 1744-1747.

Tiensin T, Chaitaweesub P, Songserm T, Chaisingh A, Hoonsuwan W, et al. (2005)
Highly pathogenic avian influenza H5N1, Thailand, 2004. Emerg Infect Dis 11: 1664-
1672.

15



O©CoO~NOOTA~AWNPE

32. Recombinomics ~ (2008)  H5N1  spread in  Bangladesh.  Available:
http://www.recombinomics.com/News/12110801/H5N1_Bangladesh_Spread.html.
Accessed 20 Mar 2012.

33. Gutierrez RA, Naughtin MJ, Horm SV, Son S, Buchy P (2009) A(H5N1) virus
evolution in South East Asia. Viruses 1: 335-361.

34.Wang J, Vijaykrishna D, Duan L, Bahl J, Zhang JX, et al. (2008) Identification of the
progenitors of Indonesian and Vietnamese avian influenza A(H5N1) viruses from
Southern China. J Virol 82: 3405-3414.

35. World Health Organization (2002) WHO manual on animal influenza diagnosis and
surveillance. Available:
http://www.who.int/csr/resources/publications/influenza/whocdscsrncs20025rev. pdf.
Accessed 15 Mar 2012.

36. Louisirirotchanakul S, Lerdsamran H, Wiriyarat W, Sangsiriwut K, Chaichoune K, et
al. (2007) Erythrocyte binding preference of avian influenza H5N1 viruses. J Clin
Microbiol 45: 2284-2286.

Figure legends

Figure 1. Flock of Brown-headed gulls at the study site, and a gull fitted

with satellite transmitter.

Figure 2. Migratory routes of all study gulls. (A) Gull I.D. 74795; (B) Gull I.D.
88215; (C) Gull 1.D. 88216; (D) Gull I.D. 91416; and (E) Gull I1.D. 91417. Data
accessed on August 6, 2011, Co-ordinates (Main figure and A-E): 21.98°N
95.28°E.

Figure 3. Ecological characteristics of habitats in each country involving
the inland lakes and coastal areas. Data accessed on August 6, 2011 Co-
ordinates: (A) 36.97°N 89.23°E; (B) 35.23°N 91.11°E; (C) 31.10°N 90.85°E; (D)
13.58°N 100.45°E; (E) 12.95°N 103.92°E; and (F) 9.56°N 105.18°E.

Figure 4. Duration of stay of each gull in various countries.
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Table 1. Demographic data of the tracked gulls.

Bird I.D. Sex

74795 ND
88215 Male
88216 Female
88217 ND
88218 Female
91416 ND
91417 ND
91418 ND

ND = Not determined

Body weight (g)
475
650
600
450
500
440
430

400

Marking date
Mar 25, 2008
Mar 26, 2009
Mar 13, 2009
Feb 17, 2009
Mar 26, 2009
Feb 17, 2009
Feb 17, 2009

Feb 17, 2009

17

Time at signal loss

from monitoring
Dec 2008

Mar 2011

May 2010

Mar 2009

Apr 2009

Jan 2011

Nov 2010

Mar 2009

Place at

signal loss
Cambodia
Thailand
Tibet
Thailand
Thailand
Cambodia
Thailand

Thailand

Tracking period
9 mos.

2 yrs.

1yr, 2 mos.

<1 mo.

<1 mo.

1yr, 11 mos.

1 yr, 9 mos.

<1 mo.



O©CoO~NOOTA~AWNPE

Table 2. Flying distances of the tracked gulls.

Bird I.D.
74795

88215

88216

91416

91417

Average
distance

95% Cl

Year

2008

2009

2010

2011

2009

2010

2009

2010

2009

2010

Total distance on migration

(km)

Thailand to
China

2,419
3,167
2,223
Lost

2,343
2,074
2,255
1,954
2,924

2,403

2,418

2,139- 2,698

Cl = Confidence interval

China to
Thailand

2,747
2,372

2,404

2,014
Lost

2,067
1,968
2,917

2,870

2,420

2,143- 2,697

Duration of migration

(days)

Thailand China to
to China

7

12

12

23

39~

22

12

7-23

Thailand

9

16

21

15

12

12

22

14

10-18

Average flying distance
on migration per day (km)

326
201

174

310

177
137
152

360

230

167 - 293

Average distance at
habitat per day (km)

China

26

2

9

19

10

3-16

*The migratory route started from Thailand to Cambodia and Vietnam, and it took 39 days from Vietnam to China.

18

Thailand

28

7
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Table 3. Habitats of the tracked gulls.

Bird I.D.

74795

88215

88216

91416

91417

Location

Thailand: Samut Prakan, Samut
Sakhon

China: Qinghai, Xinjiang, Tibet
Cambodia: Siem Reap

Thailand: Samut Prakan, Samut
Songkhram

China: Xinjiang, Tibet
Cambodia: Pursat, Siem Reap

Thailand : SamutPrakan,
SamutSongkhram, Chachoengsao

China: Tibet

Thailand :SamutSongkhram

China: Tibet
Cambodia: Kampong Thom, Pursat,
Siem Reap

Thailand : Samut Prakan, Samut
Songkhram

China: Qinghai, Xinjiang

Cambodia: Kampong Thom, Pursat,
Siem Reap

Length of stay (days)

2008

44
174

35

19

2009

90

170

90

183

64

201

83

146

32 (25/12/09- 25/01/10)

2010

119

180

40 (02/12/10 -11/01/11)

98

101

189

42 (19/11/10 - 10/01/11)

78

180

2011

61

Average

90

175

94

82

195

81

163
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Table 4. Susceptibility of Brown-headed gulls in captivity to H5SN1 virus challenge.

Inoculum
dose
(TCID50)

10*

10°

10

Gull
No.

© 00 N O O b~ WN

Day of shedding after virus

inoculation from

Trachea

No shedding
2,3
1,2,3,4
3,4
1,2,3,4
2,4

No shedding
No shedding
4

Cloacae
2,3

2

3,4

No shedding
2,3,4

3

No shedding
No shedding
3

20

Day at
death

4

(o226, BN BENS) I

Alive
Alive

NT titer at day after inoculation

0

<20
<20
<20
<20
<20
<20
<20
<20
<20

5 10 15 20

20

<20 <20 <20 <20
<20 160 1280
<20

25

<20
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m_ Pathogen Detection Mlcmarray - from Lab to Bedside

Christopher W, Wong, Charlie Lee Wah Heng, Leong Wan Yee, Shirlena
Soh, Martin L. Hibberd, Ken W-K Sung, Lance D. Miller. Microarray

and Expression Genomics Laboratory, Genome Institute of Singapore,
Republic of Singapore.

Background

Testing for infectious agents in clinical specimens has historically been a
hypothesis driven process. While DNA microarrays have recently been
used to identify pathogens in a more unbiased fashion, their routine use
has been hampered by technical constraints that limit detection sensitivity
and specificity.

Methods and Findings

To address these problems, we created an oligonucleotide microarray
containing 390k probes spanning the genomes of 35 RNA viruses. By
empirically determining signal detection thresholds related to probe-target
sequence similarity, and studying the relationship between primer design
and PCR-based amplification bias, we have defined novel criteria for
selecting probes for the optimal detection of pathogens by microarray.
With the in silico generation of optimized pathogen “recognition
signatures” and the development of algorithms for predicting PCR bias
and analyzing probe signal distributions, we were able to identify the
presence of pathogens in clinical specimens at the species, genus, or
family level. Using this approach, we tested 35 nasal wash samples from
35 children with lower respiratory infections that had been previously
tested for respiratory syncytial virus, human metapneumovirus and
rhinovirus by real-time PCR and identified pathogens with 94% diagnostic
accuracy (75% sensitivity and 100% specificity).

Conclusion

Our findings show that microarrays can be used for the robust and
accurate identification of pathogens in patient specimens, and further
substantiate the use of microarray technology in clinical diagnostics.

This study was supported by funding from Singapore’s Agency for
Science, Technology and Research (A*STAR).

m Chinese herbs inhibited the entry of SARS-CoV in vitro
MIQIMﬂgl'e, Hong Jlang3‘ Rika Furuta?, Peng Xiao', Lian-feng Zhang3‘
Chuan Qin*, and Toshio Hattori

1 Division of Infectious and Respiratory Diseases, Department of internal
medicine, Tohoku University, Sendai, Japan, 980-8574; 2 Department of
Microbiology, Harbin Medical University, Harbin, China, 150086, 3 Chinese
Academy of Medical sciences, Institute of laboratory Animal Science, Bejing,
China, 100021; 4 Department of Microbiology, Kansai Medical University,
Osaka, Japan 570-8506;

The water extracts of seven Chinese herbs and five Kampo medicines which
were used for the treatment of SARS patients, were examined to determine
if they could inhibit the SARS viral replication. A human immunodeficiency
virus (HIV)/SARS-CoV S pseudotyped virus, containing HIV lentiviral vectors
encoding a reporter gene and S protein of SARS-CoV, was used for the
screening

Only Cinnamomi Cortex extract (CCE) and Caryophylii Flos extract (CFE),
showed inhibitory activities against HIV/SARS-CoV S pseudovirus with a
50% effective concentration (ECgq) of 0.03 mg/m for the former and 0.058
mg/mi for the latter. Both drugs also inhibited cell membrane fusion between
293T cells and Hela cells expressing either S protein or ACE2 protein almost
completely at the concentrations of 0.3 mg/mi. Finally we confirmed that
both fractions inhibited wild-type infection in the plaque reduction assay at
the selective indices (Sls) of CCE and CFE were 9 and 3 6, respectively We
further examined four fractionated samples from Cinnamomi Cortex (CC)

by HIV/SARS-CoV S pseudovirus and found that two fractions (Ethanol
extract and Butanol fraction) had inhibitory activities with Sl of 2.38 and 5.0,
respectively. In cell fusion assay both fractions completely inhibited below

0 3mg/ml. In wild type infection, again both fractions showed inhibitory
activities with Sl of 18 for Ethanol Fr. and 23 for Butanol Fr

The results strongly indicated that CC and Caryophylli Flos (CF) contain a
potent new inhibitor of SARS-CoV entry, and Butanol fraction of CC showed
the strongest inhibitory activities

This work was supported by Grants-in-Aid from the Ministry of Education,
Science, Sports, and Culture of Japan and the Scientific Research Expenses
for Health and Welfare Program from the Ministry of Health and Welfare

Japan

Hesplratory Viruses of Ammals Causing Dlsease in Humans

~ Tuesday, December 12: Poster Session 2 Poster Abstracts

Genetic Characterization of an Avian Influenza Virus, subtype
H5N2, isolated from ducks imported into Singapore

Qawn Su-Yin Yea', Ley-Moy Ng?2, Elizabeth Ai- Sim Lim!, Shirley Gek Kheng
Seah' Chin-Wen Lnalw1 Lynn Lay-Hoon Tang Gary Yuk-Fai Lau Wai-Kwan
Wong Chee-Wee le3 Richard Sugrue'| 2 Boon Huan Tan!

1DMER! @DSO National Laboratories, 27 Medical Drive, Singapore 117510,
2Nanyang Technological University, Nanyang Avenue, Singapore 639798; 3Agr|
food and Veterinary Authority, 6 Perahu Road, Singapore 718827

The avian influenza viruses (AlVs) subtype H5N2 have been reported to mutate
from low pathogenic (LPAI) to high pathogenic AlVs (HPAI) in Pennsylvania
(1983), Mexico (1994), laly (1997) and Texas (2004). In addition, avian 1o human
transmission of influenza viruses of both subtypes, H5N1 and H5N2, have been
documented

In 2004, the Delence Medical & Environmental Research Institute received 2
AlVs, (F118 and F189), from the Agri-food and Veterinary Authority of Singapore
for diagnostic testing. These samples were isolated from ducks imported into
Singapore and suspected to be of the HPAI subtype ‘'H5N1'. We used real-

time polymerase chain reaction (PCR) for diagnostic testing, targeting the
hemagglutinin (HA) and neuraminidase (NA) genes. The PCR amplicons were
subjected o nucleotide sequencing. Our preliminary results confirmed the

| AlV samples to be of the virus subtype H5N2, but of low pathogenicity. In this

presentation, we fully sequenced the HA and NA genes, and the 6 internal gene
segments ol isolate F118. Analysis of the cleavage site of the F118-HA protein
showed the absence of basic amino acid (aa) residues associated with HPAI
However, the phylogenetic analysis of the F118-HA gene showed a distinct
clustering with the Asian HPAI of the subtype H5N1, rather than with the American
LPALI of the subtype HSN2. The F118-NA gene showed no deletion in the stalk
sequence, which was reported in American viruses of subtype H5N2 isolated in
chickens. Phylogenetic analysis of the NA genes further clustered F118-NA closely
with subtypes HIN2, H1N2, and H7N2. Examination of the internal proteins of
F118 revealed avian-specific aa signatures in the M1, M2, PB1. PB2. PA and NP
proteins No residues associated with amantadine resistance (M2) nor virulence
was observed (PB2 and NS1 proteins). Phylogenetic analyses further suggest that
the internal genes of the F118 isolate were derived from diflerent influenza A virus
sublypes, originating from the Asia-Europe regions. Interestingly, the F118-PA
gene clustered more closely with the Asian viruses subtype HSN1, than with any of
the AlVs sublype H5N2.

The sequence and phylogenetic data collected in this work will be usetul in future
molecular and epidemiological studies of the dynamics and evolution of circulating

| avian influenza viruses, in particular in this region ol South-East Asia

m Hemagglutinin activity of avian influenza H5N1 viruses

Lerdsamran H, Louisirirotchanakul S, Wiriyarat W, Sangsiriwut K, Pooruk
P, Kijphati R, Chaichoune K, Sawanpanyalert P, Pittayawonganon C,
Ungchusak K, Auewarakul P, Puthavathana P.

Microbiology. Fac. Medicine Siriraj Hospital, Mahidol Univ., Bangkok,
Thailand

| Horse hemagglutination inhibition (HI) test is recommended by WHO as
| an adjunct to micro-neutralization test for HSN1 antibody. As horse RBC

can not be oblainable easily in most of Southeast Asian countries, the
present study searched for an alternative species of RBC which provided
as good result as that employing horse RBC in Hemagglutination (HA)
and HI assays.

HA activity of 13 H5N1 viruses (5 human isolates and 8 animal isolates)
was tested against 5 species of RBC: 1% horse, 0.5% goose, 0.5%

| chicken, 0.75% guinea pig and 0.75% human group O, Titration of a virus
. solution as using goose RBC yielded the highest titer, followed by chicken,

guinea pig, human group O and horse RBC (Friedman test; p<0.05). The
results were reproducible upon testing with 3 RBC donors from each
species, HI antibody to two human H5N1 isolales was investigated in 15
sera from patients and survivors with the same 5 species of RBC donors.
Using A/Thailand/1(KAN-1)/04 virus antigen, horse RBC gave significant
higher antibody titer than the other 4 RBC species (p<0.001, Wilcoxon's
signed-rank test, Bonferroni's adjustment). However, goose RBC yielded
the highest titer when A/Thailand/676/05 virus was used as the antigen.
These demonstrated that HI antibody activity was dependent on both the
virus antigen and RBC species.

We also conducted complete HA genomic sequencing of all 15 H5N1
virus isolates. There were no difference in receptor binding site of these

| Thailand isclates as compared to Hong Kong 1997 and Vietnam 2005
| viruses, except a mutational change of A138V of A/Thailand/676/05 virus.

Our study proposes goose RBC as an alternative donor for HA assay and

for virus recognition in the virus isolation method, and also as the indicator
| for HI assay

This study was granted by BIOTEC and Thailand Research Fund.
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225 ral.vector-based pandemic influenza vaccine
against antigenically distinct H5N1 strains E

Hoelscher?, M.A., Garg®, S., Bangari!, D.S., Belser2, J.A., Jayashankar2,
Ls; Lu2. X., Slephensonz. Ly Brighlz. R.A., Singh1, N., Pandey1. A,
Sharma', A., Matsuoka2, Y., Donis2, R.O., Katz2, J.M., Sambhara2:". S..
Mittall-", S.K, 1Department of Veterinary Pathobiology, Purdue University,
West Lafayette, IN, USA and 2Influenza Branch, Division of Rickettsial
and Viral Diseases, Centers for Disease Control and Prevention, Atlanta,
GA 30333, USA. *, Equal contributors.

Avian H5N1 influenza viruses currently circulating in Asia, Europe,

the Middle East and Africa could potentially cause the next pandemic.
However, currently licensed human vaccines are subtype-specific and

do not protect against these H5N1 viruses. We aimed to develop an egg-
independent strategy to combat the H5SN1 influenza virus, because the
virus is highly lethal to chickens and the maintenance of a constant supply
of embryonated eggs could be difficult in a pandemic.

We constructed a replication-incompetent, human adenoviral vector
(HAd-H5HA) that expressed subtype 5 hemagglutinin. Immunization of
mice with HAd-H5HA induced both humoral and cell-mediated immune
responses significantly better than that of a traditional subunit vaccine
when lested against HSN1 viruses isolated from people. Vaccinated mice
were effectively protected from H5N1 disease, death, and primary viral
replication when challenged with antigenically distinct HSN1 strains. These
findings highlight the potential of an adenoviral vector-based delivery
system, which is both egg-independent and adjuvant-independent and
offers stockpiling options for the development of a pandemic influenza
vaccine.

Data from our ongoing pre-clinical studies with new vaccine strategies
involving human or nonhuman adenoviral vectors aimed at providing
broader protection against pandemic influenza will also be presented.

The work is supported by NIH-AI-059374 and NVPO grants.

Use of conserved influenza antigens linked to
immunostimulatory DNA (ISS) to generate broad immunity to
divergent and potentially pandemic virus strains

1, Tracy dela Cruz!, Gary Ott?, Emily Damon, Innocent
Mbawuike?, Brian Livingston?, and Debbie Higgins
TDynavax Technologies Corporation, Berkeley, CA 94553 and zBaylor
College of Medicine, Houslon TX 77030

Standard trivalent inactivated influenza vaccines (TIVs) have several
key limitations. Because TIVs induce immunity to strain-specific HA and
NA antigens, they offer limited efficacy against drift virus strains and no
expected efficacy against shift virus strains that can lead to pandemics.
In addition, TIVs demonstrate only modest immunogenicity in high risk
groups such as the elderly. To address these deficiencies, we have
conjugated the conserved influenza antigens nucleoprotein (NP) and
matrix protein 2, extracellular domain (M2e) to immunostimulatory DNA
sequences (ISS) to generate highly immunogenic conserved antigens that
can be administered alone or in combination with TIV to induce potent,
broadly reactive immunity.

NP-ISS induces strong Th1 and CTL responses that reduce viral
replication and provide protection against shift and drift strains in mouse
challenge systems. Co-delivery of NP-ISS with TIV enhances the
antibody responses to HA in both mouse and primate models. M2e-
ISS induces strong IgG2a antibody responses in mice without requiring
complex M2e formulations. Similar to NP-ISS, co-delivery of M2e-ISS
with TIV enhances the antibody response to HA in mice.

NP-ISS and M2e-ISS represent unique vaccine components that can
provide strong, cross-strain protective immunity and can be used with
TIV to enhance immunogenicity and possibly provide dose sparing of the
TIV components. The NP-ISS/M2e-ISS vaccine represents a promising
approach 1o a broadly reactive, universal influenza vaccine.

Research funding provided by NIAID grant 5U01 Al56447-4.
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!m Oseltamivir sensitivity of H5N1 influenza isolates, Th

Respiratory Viruses of Animals Causing Disease in Huma

- 1a
ailand i

Puthavathana P, Pooruk P, Sangsiriwut K, Nateerom K, Prasertsopon J,
Chaichoune K, Wirlyarat W, Korkusol A, Auewarakul P, Chokephaibulkit K,
Ungchusak K, Sawanpanyalert P, Ratanakorn P

Microbiology, Fac. Medicine Siriraj Hospital, Mahidol Univ., Bangkok, Thailand

Surveillance for oseltamivir sensitivity was conducted in 17 H5N1 viruses (6
isolates from humans, 8 from domestic and wild birds and 2 from tigers) isolated !
in Thailand during 2004-2006. Plaque inhibition assay using virus at concentration |
of 50 plu/well was firstly employed with good success; however it is a laborious ¢
and dificult technique 1o be performed on large sample size. Additionally, some
influenza isolates do not form plaque which made the drug sensitivity assay |
by plaque inhibition impossible. Therefore, the present study established drug
sensitivity assay by using ELISA nucleoprotein reduction based method.

H5NT1 viruses at concentration of 100, 25 and 5 TCID50/100ul/well were lested
with oseltamivir carboxylate at concentration of 800, 200, 50, 12.5, ... and
0.000003 uM in triplicate in MDCK cell monolayer. Inhibitory concentration 50
(IC50) of each virus concentration was established from the dose response curve. |
With the three virus concentrations tested, IC50 of the 6 human isolates varied |
from 0.091-36.1 (mean= 12.63), 0.006-1.68 (mean = 0.413), and 0.004-0.43
(mean= 0.134) uM; whereas those of the animalisolates varied from 0.19- >800
(mean= undetermined), 0.031- >800 (mean= undetermined), 0.0007-6.92 (mean=
0.978) uM. respectively. According to dose response curve, oseltamivir resistant
virus has not been detected in our study, even though, there were at least 2
human viruses that were isolated from dead cases which had received full course |

|
I
4
1

i
i

| of treatment before. Too high virus inoculum of 100 and 25 TCID50 in two animal |

isolates may explain the undetermined IC50 of the drug.

Sequencing of all viruses studied did not show mutational change at amino acid
positions 119, 274, 292 and 294 in neuraminidase gene.

The present study demonstrated a wide range of IC50 of oseltamivir against
human and animal H5N1 isolates. Nevertheless, oseltamivir is still the drug of
choice for H5N1 patients. Failure of the treatment should be explained by other
factors such as time at drug administration, the drug regimen including mixed
infection with other pathogen.

We are gratelul to Thailand Research Fund for advanced research scholar;
BIOTEC, Thailand; and Roche Company.

m Acquisition and enhancement

of fusogenicity by single

| amino acid substitutions in the spike protein are essential for

adaptation and infectivity of coronavirus in cultured cells

Yoshiyuki Yamada, Shou Guo Fang, Felicia P. L. Tay and D. X. Liu,
Institute of Molecular and Cell Biology, 61 Biopolis Drive, Proteos,
Singapore 138673, Singapore

The cross-species transmission in coronavirus (CoV), such as SARS-
CoV and human CoV-OC43, underlies the importance of studying the
mechanisms of CoV host adaptation and interspecies transmission.
Here we report studies on the adaptation of the Beaudette strain of
infectious bronchitis virus (IBV) from chicken embryo to Vero cells and
the underlying mechanisms. Following adaptation to Vero cells, a total

of 49 amino acid mutations has taken place in the IBV genome, and 26

substitutions (53.06%) are located in the spike (S) protein.

Expression of S protein derived from the Vero cell-adapted strains
(primary-adapted, p7; and secondary-adapted, p65) showed cell-cell
fusion and syncytial formation. However, S protein obtained from the
chicken embryo-adapted strain (EP3) could not cause cell-cell fusion.
Construction of chimeric S genes and site-directed mutagenesis studies
identified L857-F mutation in the heptad repeat 1 (HR1) is essential

for the cell-cell fusion. In addition, G405-D mutation in the S1 domain
enhances the fusogenicity of S protein and is responsible for the

secondary adaptation. Introduction of F857-L into the S gene of the
| recombinant IBV virus based on the Vero cell-adapted IBV showed that

the recovered virus do contain this mutation. However, only viruses with
compensatory mutations at other positions of the S protein (Q523-L
and I768-V; P327-S, Q523-L and 1769-V) are infectious. Expression and
mutagenesis studies confirmed that either Q523-L or 1769-V mutation
could compensate the FB57-L mutation and restore the fusogenicity of
the S protein. This study reveals that acquisition of fusogenicity by single
amino acid substitutions in the S protein is essential for adaptation of a
coronavirus from avian to mammalian species.
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avian influenza H5N1 viruses
Lesdsamran H, Louisirirolchanakul S, Wiriyarat W, Sangsiriwut K, Pooruk P, Kijphati R, Chaichoune K, Sawanpanyaled P,

Pittayawanganan C, Ungechusak K, Auewarakul B, Puthavathana P.

Department of Microbiology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

Horse hemagglutination inhibition (HI) antibody is one WHO
notification for the H5N1 confirmed case. Unfortunately, horse
erythrocytes can not be accessed easily in Asia countries.

Objective|
To investigate the efficiency of avian influenza (H5N1) influenza
viruses on erythrocytes receptor from five different species: horse,

goose, chicken, guinea pig and human group O for using in both
Hemagglutination (HA) and HI tests.

Waterials and Methods

¢ Viruses : 14 human and animal H5N1 influenza viruses
* Serum samples: 15 human sera from 7 cases
* Erythrocytes from 5 species

Human group O

Goose Chicken Guinea pig

Table 1 : Condition of Hi ination test and Hi itination inhibition test

Guinea pig HumangrO | Horse | chicken | goose
Concentration (%) 0.75 0.75 1 0.5 0.5
Microtiter plate u u u \Y \Y
Incubation time 4°C, min 60 60 60 30 30

(Stephenson, 2003 and WHO,2002)

Titration of a virus solution as using goose erythrocyte yielded the
highest geometric mean titer, followed by chicken, guinea pig, human
group O and horse erythrocyte (Friedman test; p<0.05)

Table 2. Hemagglutination titer of influenza A viruses as assayed with
erythrocytes from different species

Passage * HA titer based on erythrocytes of
Human
H5N1 Influenza A viruses history | Goose Chicken Guineapig grO  Horse
AlThailand/1(KAN-1)/04 MK2, MDCK8 512 512 128 128 128
ArThailand/2(SP-33)/04 MDCKB 64 64 64 32 16
AlThailand/3(SP-83)/04 MDCKS 64 64 16 32 16
AlThailand/5(KK-494)/04 MDCK4 128 64 32 64 32
AlThailand/676(NYK)/05 MDCK9 256 256 512 256 32
AfTiger(Thailand/VSMU-11-SPB/2004 Egg1 512 512 256 256 256
AlClouded Leopard/Thailand/VSKU-6-CBI/2004 Egg1 512 512 256 256 <2
AlGreat Barbet/Thailand/VSMU-2-CBI/2005 MDCK2 128 128 64 64 32
AlGreen PeafowlThailand/VSMU-3-CBI/2005 MDCK2 256 128 64 64 64
AlCrane/Thailand/VSMU-4-CBI/2005 MDCK2 512 256 128 128 128
AlTree sparrow/Thailand/VSMU-16-RBR/2005 MDCK4 64 64 32 32 16
AlGolden Pheasant/Thailand/VSMU-21-SPB/2005 MDCK1 128 64 32 16 32
AlPigeon/Thailand/VSMU-25-BKK/2005 MDCK3 64 64 32 16 16
AlChicken/Thailand (SPB)/137/2005 MDCK4 512 512 64 64 128
ic Mean titer 190.21  156.03 74.25 67.25 33.62

* Only HA titer obtained from one out of three erythrocyte donors is presented

Table 3. H5N1 HI antibody titers as tested against different erythrocyte species

AlThailand/ (H5N1) 1)
Serum Code Hi antibody titer NT Hi antibody titer NT

(sequential blood) | Goose Chicken Guinea pig Human Horse | Abtiter | Goose _Chicken Guineapig Human _Horse | Ab titer
CB KAN-1 (1) 20 <20 20 <20 20 <5 20 <20 <20 <20 20 -
CB KAN-1(2) 640 640 640 640 1280 | 1280 | 1280 1280 1280 1280 640 -
™ 20 <20 20 20 40 | 80 160 80 80 80 80 40
sJ 20 <20 20 20 40 | 160 | 160 80 80 80 80 80
PT(1) 20 <20 <20 20 20 | < = =
PT(2) 20 <20 20 <20 20 5 20 - 20 - 20
PT(3) 40 20 20 40 80 | 80 160 320 160 80 320 -
PT (4) 40 20 20 40 80 80 160 160 80 160 160 80
MY 676 (1) <20 <20 <20 <20 <20 | <5 20 20 <20 <20 <20 -
MY 676 (2) <20 <20 <20 <20 <20 | <5 20 <20 <20 <20 20 -
RB (1) <20 <20 <20 <20 <20 | 5 <20 <20 <20 <20 <20
RB (2) 320 160 160 160 640 | 1280 | 1280 1280 1280 1280 1280
RB (3) 160 80 80 160 320 | 640 | 640 1280 640 640 640 -
RB (4) 20 20 20 20 40 | 80 160 80 80 40 40 80
BB 80 40 80 160 320 | 320 | 640 640 320 320 640 -

Geometric
Mean antibody titer | 36.47  22.97 2895 3325 57.89 1189 116.19 80 84.38 9281

Table 4. Statistical values from the analyses on difference in HI antibody titers
as assayed against different viruses

Geometric mean antibody titer as using from:

Viruses Goose Chicken Guinea pig Human  Horse

AlThailand/1 (KAN-1)/04 36.47 2297 2895 3325 57.89

AlThailand/676(NYK)/05 118.9 116.19 80 8438 9281
2-sided exact p-value

(Wilcoxon's signed-rank test) (] iz 0oz Oz 02

Goose erythrocyte is the most sensitive for virus recognition for influenza A
virus, whereas horse erythrocyte can recognize only avian influenza virus.

Not all H5N1 isolate can agglutinate horse erythrocyte.

Regarding to HI antibody detection, horse erythrocyte can not demonstrate
in clear cut for its advantage over goose as it is depend upon the virus strain.
Our study proposes that goose erythrocyte confers higher advantage than

horse in the determination for both presence of H5N1 virus or Hl influenza
antibody

| Acknowledgments

This study was granted by BIOTEC and Thailand Research Fund.
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Respiratory Viruses Associated with Severe Pneumonia
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Abstract Table 1.Viral agents associated with severe pneumonia

Conventional multiplex RT-PCR using Seeplex kit and Positive by
indirect immunofluorecence (IFA) assay were used to Virus IFA Seeplex 6rand
investigate for viral agents associated with severe Adult |Pediatric| Total |Adult|Pediatric| Total Tofal°
pneumonia in Thai patients. Our result demonstrated that F'I” ; é 15 16 i 1 15 | 17 23‘67,//")
> 80% of pediafric cases were associated with viral :I‘\'/ 1 1 g 3 1 171 182 192((6;.1'2)
infection; and 60% of them were two years old. RSV was PIV 2 0 1 1 0 1 1 1 (0.5%)
the most common virus found (23.6%), and followed in PIV 3 1 4 5 1 4 5 6 (3.0%)
order by adenovirus (14.3%), Flu A (8.7%), and HuMV RSV 0 43 43 0 41 41 | 46 (23.6%)
(8.2%). Viral infections were found only in 30% of adult| | Adenovirus 1 12 13 11 26 27 | 28 (14.3%)
cases. Seeplex could detect mixed viral infections in 14 Lalud/ NA| NA | NA | 2 | 14 | 16 | 16(8.2%)
(7.2%) cases: of which adenovirus was the most common Rch'm Avirus | NA | NA NA | 1 1 1 |16 (8'%%)
. T X oronavirus NA NA NA 1 2 3 3 (1.5%)
mixed agent. Seeplex was statistically compared with| "Fotal viruses | 4 89 93 | 9 135 | 144 |154 (78.9%)
IFA by agreement over chance and it was found that the| [Total positive pediatric cases = 130/163 (79.7%)
agreement over 0. 80 was found with RSV, flu A and flu B| |Total positive adult cases = 10/32 (31.2%)
only. Table 2. Investigation for viral agents by IFA and Seeplex

Objective

To investigate respiratory viruses associated with severe Seeplex Seeplex Seeplex
pneumonia by using multiplex RT-PCR (Seeplex RV detection Total Total
kit, Seegene, Korea) and IFA. @[ o | o o | o
Materials and Methods @FluA |14 2 | 16 @FluB |7 | 1 | 8 “RSV | 38 | 5

IFA IFA FA

Subjects: This study comprised 195 severe pneumonia patients: 163 DA A || 8 |3 S OFluB | 1186 | 187 ORSV | 3 | 149
children and 32 adults from 4 hospitals in Thailand. 99 ( 60.7%) Total 15]180] 195 Total 8 | 187 195 Total 41 | 154

pediatric cases were under two years old. Adult cases had age-range ——

between 27 and 81, of which (71.9%) were older than 50. Seeplex o eeplex o

Immunofluorescence assay (IFA): Exfoliated cells present in NPA ® o @ | @

were used for detection of viral antigens by indirect IFA using » "

Respiratory Panel IFA kit, Chemicon, USA. IFA ((_:::::: i; 1:7 11832 IFA ((:::X 11 ; 1:3 1:8

Multiplex RT-PCR for respiratory viruses (RV): RNA extracts Total 27 |168| 195 Total 12 | 183 | 195

from NPA samples were reverse transcribed with random hexamer

primers Subsequently, cDNA  was subjected to Seeplex RV Seeplex Seeplex

Detection (Seegene, Korea). This test kit includes 2 panels (RVIA Total Total

and RVIB) of primer pairs specific tfo 12 RV: adenovirus, human ® | » | o

metapneumovirus, coronavirus (229E), PIV1, PIV2, PIV3 in RVIA,

and Flu A, Flu B, RSV B, Rhinovirus A, RSV A, and coronavirus s LY 8 | 8 0 1 |8 || & || § 5

(OC43) in RVIB. oPIV2 | 0 | 194 | 194 oPIV3 | 1 |189| 190
Total 1 194 | 195 Total 5 [190 | 195

Results

Table 3.Determination for agreement over chance index between
Seeplex and IFA on the detection of respiratory viral agents

Fig 1. Immununofluorescence staining of virus infected cells in NPA.
Positive cells exhibit an apple green color under fluorescence microscope.

Virus  |Agreement over chance index
PIV 2 1.00
Flu A 0.89
Flu A FluB RSV 0.88
Flu B 0.87
PIV 3 0.79
PIV 1 0.72
Adenovirus 0.56
PIV3 RSV Adenovirus

Index value between 0.9-1.0 indicates real agreement between two assays

Fig 2. Seeplex® RV detection of respiratory viruses in NPA specimens. ‘ ﬁ
onclusions

< g fis)
S 8 S
RVIA RVIB 3 = x

primer set primer
set

An acute viral respiratory disease can be caused by several
respiratory viruses leading to need of fools that can diagnose
el Ll tetatatalal = = multiple agents simultaneously, and at the same time, require

o« =~ e small amount of respiratory specimens. Seeplex should be

R superior to IFA in ferm of number of agents it can diagnose;

and it is also less subjective and requires less experience to
PCR products were separated on 25% agarose gels run multiplex PCR. However, accuracy of Seeplex has never
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Human Influenza Virus-Specific T Cells Mediated Cross Reactive
Immune Response to Nucleoprotein (NP) Derived from

Avian Influenza H5N1 Virus
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Background:

Protection against influenza A virus by specific antibody is relatively strain specific;
meanwhile, broader immunity may be conferred by cell mediated immune response (CMIR)
(1). Therefore, development of universal influenza vaccine that can confront seasonal influenza
viruses as well as avian influenza H5N1 viruses of multiple clades, is desirable. Previous
studies had shown that immunity induced by old influenza isolates could alleviate the severity
of disease caused by novel strains or subtypes. It is suggested that this cross immunity is
mediated by the heterosubtypic T-cell response. In this context, induction of cross-reactive
CD4* and CD8* cytotoxic T lymphocytes (CTL) that recognize conserved epitopes in internal
protein of influenza virus are of interest (2,3). This prompted us to identify and characterize a
set of T cell conserved epitopes that would contribute to broad immune response across
influenza virus subtypes. This study measured cross cell-mediated immunity to H5N1 virus in
healthy subjects by ELISpot and flow cytometry assays using overlapping peptides derived
from nucleoprotein (NP) as the test antigen.

Materials and Methods:

A total of 30 subjects included 23 healthy individuals in which 18 had history of receiving
seasonal influenza vaccine at least once, and 7 subjects who had history of influenza infection
one month ago. Peripheral blood mononuclear cells (PBMCs) from these subjects were kept
frozen until used. A panel of 20 mer peptides with 10 mers overlapping, were synthesized based
on amino acid sequence derived from NP of A/Thailand/1(KAN-1)/2004 (H5N1) virus (KAN-1
virus) (accession number AAV 35112). Totally, this panel comprised 49 peptides. Memory T
cells that cross-reacted to these NP overlapping peptides were measured by the ex vivo IFN-y
enzyme-linked immunospot (ELISpot) assay. Flow cytometry employing intracellular cytokine
staining (ICS) was used for immunophenotyping of the peptide restricted T cells.
Microneutralization (MicroNT) assay to KAN-1 virus was performed to determine status of

previous H5N1 virus infection.
A
>gi 54610028 gb|AAV35112.1] nucleocapsid protein (Influenza A virus AThai land1(KAN-1,2004H5N1y

MASQGTKRSYEQMETGGERQNATE IRASVGRMVSGI GRFY IQUCTELKLSDYEGRL IQNSITIERMVLSA
FDERRNRYL TGGP 1Y I NNGEDATAGLTHLMIWH
SNLNDATYQRTRALVRTGHDPRMCSLMQGS TLPRRSGAAGAAVKGYGTMVMEL IRMIKRG INDRNFWRGE
NGRRTRIAYERNMCN I LKGKFQTAAQRAMMDQVRESRNPGNAE | EDL I FLARSAL ILRGSVAHKSCLPACY
YGLAVASGYDFEREGYSLVGI DPFRLLQNSQVFSLIRPNENPAHKSQLVWHACHSAAFEDLRVSSFIRGT
RVVPRGQLSTRGVQI ITLELRSRYWAIRTRSGGNTNQQRASAGQ I SVQPTFSVQRNLPF
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Fig. 3  Peptide  recognition and  frequency  of  responsiveness, NP21.240
(RMCNILKGKFQTAAQRAMMD) denotes NP5-12, NP, (MNNEGSYFFGDNAEEYDN)
denotes NP5-25, NP5 (YDKEEIRRIWRQANNGEDAT) denotes NP5-31, and NPy a6
(QVFSLIRPNENPAHKSQLVW) denotes NP5-41 in the 2 dimentional matrix system (A);
magnitudes of ELISpot response in 13 responders (B).

Fig. 4 Imnmnophenotyping of peptide-restricted
T cells by ICStechnique. Staphylococcal
enterotoxin B (SEB) is used as the positive
control.

B | wesi | w2 | wmss | nesa | wess | wess | wesr
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B4 | NPS22 | NPs23 | NPS20 | NPS25 | NPS28 | NPS27 | NPS28

OTRR PeviceNo2 85 | nps29 | wesao [ wesai | wesa | wesas | wesae | wesas

B6 | NPS35 | NPS37 | NPS38 | NPS3D | PS40 | NPSA1 | NPS4Z

B7 | NPS43 | NPS44 | NPS4S | NPS | NPS47 | NPS4B | NPS4S

Fig. 1 Amino acid sequence of NP of KAN-1 virus (A); NP overlapping peptides were synthesized by
Sigma-Genosys (Sigma-Aldrich, Singapore) in the PEPscreen® custom peptide libraries format. A total of 49
peptides are overlapped by 10 amino acid residues (B); Peptides were pooled in a 2-dimensional matrix
system (C).

Results:

All 30 subjects had no antibody to H5N1 virus as tested by microNT assay. However, 13
(43%) subjects exhibited cross-reactive specific T cell response by ELISpot. Altogether, these
subjects recognized only 4 of 49 peptides tested (Fig. 3A). The average magnitudes of ex vivo
ELISpot IFN-y were 63 SFU/106 PBMCs, and the frequency of responsiveness was 1 to 2
peptides/subject (Fig. 3B). CD4* T cells were mainly responsible for peptide recognition as
they were present in all 13 responders; while CD8* T cells were found only in one responder.
Examples are shown in Fig. 4. There was only one responder who had both peptide specific
CD4* and CD8* T cells, but both types of cells recognized different epitopes. In addition, there
was one peptide that can stimulate both CD4* and CD8* T cell response (Table 1).

A) B) #1001
Pool A6 | Pool B6.

DR@ [CLL0
s@® |-

Neg. control
eg. conro P39

NP5-25

Fig. 2 ELISpot assay in a healthy subject shows spots 8

of IFN-y secreting cells after stimulating with pooled s, = ¥ 5 | NP5-41
peptides (A); and with individual peptide in a W e A% 5
confirmatory assay (B). - - -

Negative control

PHA

L
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Table 1. Frequency of NP peptides recognition by CD4* or CD8* T cells from 13 responders

NP peptide recognized by T cells

Responders

NP5-12(np 221200 NP5-25(\p 451 NP5-3L(\p 1ir.1s0) NP5-41\p siv.330

CD4 T cells | CD8' Tcells | CD4 Tcells | CD8 Tcells | CD4 Tcells | CD8' Tcells | CD4' Tcells | CD8' T cells

Healthy (n=9) 2 - 3 1 3 - 2
Convalescent
FluA patients 2 - - - 2 B 1
(n=4)
Conclusions:

Healthy individuals who had never been infected with HSN1 virus may exhibit
cross cellular immunity against this virus as assayed by ELISpot and flow cytometry
using overlapping peptides derived from H5N1 NP. Four NP immunodominants were
identified. Our study may be useful in the vaccine design and understanding of natural T
cell immunity.
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Background: Since 2003, re-emergence of highly
pathogenic avian influenza (HPAI) H5N1 virus has swept
across continents and causes poultry die-off including severe
pneumonia in humans. Morphology of this influenza virus
subtype has never been characterized. In this study, we
demonstrated electron micrographs of HPAI H5N1 particles
together with low pathogenic avian influenza (LPAI) viruses.
In addition, localization of H5N1 viruses in MDCK infected
cells was shown under a transmission electron microscope
(TEM).

Materials and methods: The viruses employed in this study
included 9 HPAI H5N1 (4 from human and 5 from avian); 4
LPAI virus subtypes H1N1, H3N2, H5N3 and H7N1; and 2
human isolates of HIN1 and H3N2 subtypes. Human viruses
were isolated and propagated in cell culture, whereas avian
viruses were isolated and propagated in embryonated eggs.
These viruses, except one LPAI virus with uncertain passage
history, were sub-cultivation for less than 10 passages. The
virus particles were visualized by negative staining with 2%
phosphotungstic acid. Meanwhile, thin sections of MDCK
cells infected with A/Thailand/1(KAN-1)/04 (H5N1) were
positively double stained with uranyl acetate and lead citrate.
The grids were examined under a transmission electron
microscope (JEOL 1230, Japan).

Results: Influenza virus particles were pleomorphic. Three
forms of morphology of different sizes were demonstrated:
spherical (diameter so-120nm), rod (length i121-300nm) and
filamentous (length >30nm) (Fig. 1n.Regarding virus
replication in MDCK cells, we demonstrated ultrastructure of
virus inclusions in the cell cytoplasm, including virus particles
at entry and the budding out particles at exit (Fig. 2).
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Fig 1. Pleomorphic morphology of influenza A virus from
human and avian isolates in culture fluid with negative
staining 1) H5N1 HPAI of A/Chicken/Thailand/ICRC-
VS195/08 [A] and A/Thailand/1(KAN-1)/04 [B and CJ;

2) LPAI of A/Duck/Jiangxi/6151/03 (H5N3) [D]; human
influenza A/New Caledonia/20/99 (H1N1) [E] and
A/Fujian/411/02 (H3N2) [F] strains.

Fig 2. Electron micrograph of H5N1 A/Thailand/1(KAN-1)/04
in MDCK cell culture with positive staining.

Negative control [A] and the infected cell [B]. Attachment of
the virus onto the cell [C] and budding out from the infected
cell [D] and a large number of viruses releasing from the
infected cells [E and F].

Conclusions: Electron micrographs of influenza
virus particles demonstrated that spherical form
was the predominate population among all virus
subtypes studied, regardless of host of origin,
virus virulence or passage history. Positive
staining of uninfected MDCK cells as observed at
low magnification showed surface pilli which might
be miss interpreted as the filamentous form of
virus particles. Nevertheless, this appearance
could be identified by higher resolution and
magnification of the modern electron microscope.
Herein, we showed lines of spherical particles
budding from the cell surface. Our finding was not

different from what had been previously reported
with human viruses.
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Surveillance for Sensitivity of Influenza A
and B Viruses to Neuraminidase Inhibitors
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Background

Oseltamivir and zanamivir are neuraminidase inhibitors against both influenza A and B viruses. Monitoring for neuraminidase inhibitor
resistant viruses can be accomplished by phenotypic and genotypic based assays. Our study employed neuraminidase inhibition (NAIl) assay
together with nucleotide sequence analysis for amino acid substitution in NA gene to determine sensitivity of influenza A and B viruses to
oseltamivir and zanamivir.

Materials and Methods Results
Table. Drug sensitivity and NA molecular marker of influenza AIH1N1, A/H3N2,
Test viruses: pandemic influenza A/H1N1/2009 and influenza B viruses
38 influenza virus isolates from 2007-2009
+ 8 pandemic influenza A/H1N1 isolates IC, values (nM) Resistant markers
* 6 human influenza A/H1N1 isolates Rliises o o o o: ivi Zanamivir
a a E119V D198N H274Y R292K | E119G/A/D R152K R292K
* 15 human influenza A/H3N2 isolates .
A ) Reference viruses
* 9 influenza B isolates AlMississippi/03/01(H1N1) wildtype-274H 1.53 1.18 H
Reference viruses: AIMi: i/03/01(H1N1) mutant-274Y 591.66 2.26 Y
« AlMississippi/03/01(H1N1)wild type-274H and AJFukuil20104(H3N2) wildtype- 1198 0.31 0.67 E E
. . A/Fukui/45/04(H3N2) mutant-119V 72.63 5.74 v v
its resistant mutant-274Y H1NA viruses (N=6)
* A/Fukui/20/04 (H3N2) wild type (119E) 3043 875.25 3.89 E D Y R E R R
* A/lFukui/45/04 (H3N2) mutant (119V) / 3422 1.27 3.54 E D H R E R R
3461 2.16 2.15 E D H R E R R
3479 391.16 1.53 E D Y R E R R
3509 584.91 j2533) E D Y R = R R
W A 3619 646.77 1.02 E D Y R E R R
Range 1.27-875.25 | 1.02-3.89
. Median 488.04 2.24
[MUNANA-based NAI assayJ [ NA gene sequencing } . o e
H3N2 viruses (N=15) E D H R E R R
Range 0.20-1.04 | 0.25-2.64
Median 0.5 0.62 for all isolates
Mean 0.54 1.05
sty == o Pandemic H1N1 viruses (N=8)
HO P0G —— N Range 0.5-1.43 | 0.27-1.03
) I N y Not done
2-{4-Methylumbelliferylic- 4-Methylumbeliferone \:k - Median 1.08 0.69
D-M-acetylneuraminic acid NI AR A A D Mean 1.10 0.68
Influenza B viruses (N=9)
MUNANA-based NAI assay — Range 10.97- 45.83 | 5.26-23.34 Noaons
“{i“ . = e Median 23.93 6.58
40, ini ibil cH, = Mean 25.24 10.87
- oo o Meuraminidase + Inhbltor/ N goma]
o Ao | Y ) |
W e W Fote
" i - 4 i el n =
Z-(Methylumbeliferyl-o liferone + Both seasonal and pandemic influenza A/H1N1 together with A/H3N2 isolates
D-M-acetylneuraminic acid . e
were zanamivir sensitive.

< All pandemic A/H1IN1 and A/H3N2 isolates were oseltamivir sensitive; whereas,
4 of 6 (66.7%) seasonal A/H1N1 viruses were oseltamivir resistant viruses

< All influenza B isolates showed a decrease in sensitivity to both oseltamivir and
zanamivir

* NA sequencing data showed the molecular marker H274Y in seasonal A/[H1N1
oseltamivir resistant viruses
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the disease treatment.




Introduction

Hemagglutinin-inhibition (HI) assay has been established for
decades for human influenza diagnosis and evaluation of
vaccine immunogenicity. Additionally, on the basis of antigenic
drift, HI employing a panel of reference antisera is used for
vaccine strain selection by the World Health Organization
annually. In contrary, microneutralization (microNT) assay is
recommended for detection of antibody to HSN1 and pandemic
influenza A (HIN1) 2009 viruses. The present study applied
those two assays to determine the cut-off titer for diagnosis of
the pandemic influenza A(H1N1) 2009.
Material and Method

A total of 37 patients (9 children and 28 adults) who were
diagnosed pandemic influenza A(H1IN1) 2009 by RT-PCR,
were enrolled. There were 18 subjects whose first blood
samples were collected at < 7 days after disease onset, and
later for the remaining cases. Serum samples were assayed
for specific antibody by goose erythrocyte HI and ELISA
based microNT using A/Thailand 104/09 (HIN1) as the

test virus.

Cytopathic effect with
viral protein synthesis

Principle of microNT assay

@® -

Hemagglutinin-Inhibition and Microneutralization Assays for
Antibodies to Pandemic Influenza A (H1N1) 2009 Virus
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Table 1. Serodiagnosis of pandemic influenza 2009

No cytopathic effect
No viral protein synthesis

Principle of HI assay

" :. - .'.f.

hemagglutination

@@
Y + RBC . .

a® + >— . ...

no hemagglutination
Result:
Rising in antibody titer could be demonstrated mostly in
patients whose first blood samples were collected within 7
days and convalescent blood samples were collected between
3 to 5 weeks after onset of disease. Nevertheless, frequency of
a four folded rise in HI or microNT titer was low, even in
subjects whose first blood samples were collected earlier.
This is according to presence of high antibody level in the first
blood samples (Table 1 and Figs 1A and 1B).

Number with a 4-folded rise in antibody titer
Patient No.
cases MicroNT HI
Adult 28 3 6
Children 9 5 4
Total 37 8(21.6%) 10(27.0%)
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Fig.1 Antibody response in paired blood from adult (A), and
pediatric cases (B)

Table 2. Cut-off titers for disease diagnosis

]
MicroNT titer > 320 91.9
HI titer > 40 97.3
MicroNT titer > 320 and HI titer > 40 89.2

Conclusion:

Previous seasonal HIN1 infection might boost an anamnestic
response, and then, results in a rapid rise in antibody level in
acute blood sample such that a marked increase in antibody
titer in convalescent blood samples cannot be shown in most of
the patients. Therefore, serodiagnosis does not help much in
disease diagnosis, but it will be useful for epidemiological study.
Our preliminary result proposed the cut-off titers for the
diagnosis of pandemic influenza 2009 as shown in Table 2.
More data is needed before this criteria is firmly established.
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Background: Nasopharyngeal aspirate (NPA), nasal swab (NS), and throat swab
(TS) are common specimens used for respiratory virus diagnosis by PCR/RT-PCR,
antigen detection and viral isolation. However, there is no documented data
regarding a type of specimen that yields the best result for viral detection. In this
study, real time RT-PCR specific for M gene of influenza A virus, was used to
determine viral load present in NPA, NS and TS samples collected from the same
patient with pandemic A/2009 (H1N1) infection. Copy numbers of M genomic
segments present in each type of specimen were compared. The results, then,
can guide clinicians in making choice of clinical samples for the HIN1 2009
diagnosis.

Materials and methods: A total of 12 patients: 2 adults and 10 pediatric cases,
with severe pneumonia caused by pandemic influenza A (HIN1) 2009 virus were
enrolled in the study. From each patient, NPA, NS and TS swabs were collected
and put into each tube containing 2 ml of viral transport media (VTM). Viral load
present in each kind of clinical sample was determined based on copy number of
M genomic segments. Briefly, known copy numbers of in vitro M RNA transcripts
derived from pandemic influenza A (H1N1) 2009 virus were used as standard
RNA, and amplified in parallel with the test sample by real time RT-PCR using CDC
protocol version 2009. Alignment of primers/probe against the pandemic 2009
viruses is shown in Fig.1. Standard curve of M copy numbers was constructed
from the C(t) values of standard RNA transcripts; and then, copy number of M
segments in the test sample was obtained by extrapolation of its C(t) value
against this standard curve (Fig.2).

Preparation of standard M RNA transcripts
from influenza A virus (HIN1) 2009 genome

Specimens
(NPA, NS, TS)

1

Total RNA extraction

RT-PCR amplification of M genomic segments

@

Cloning of amplified M gene products into
pGEMT-Easy plasmid

@

In vitro transcription of M segment
by RNA polymerase

<+
M RNA standard ﬂ
-
Real time RT-PCR amplification Real time RT-PCR amplification
<L
H
¥ !
o
|
I. i C(t) values
I
"
e =) Calculation for viral copy numbers
g based on RNA standard curve
Viral copy numbers
B : >
EI in sample

L

Fig. 2 A schematic diagram of quantitative
real time RT-PCR for influenza viral
load
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Fig. 1 Sequence alignment of primers/probe set against M gene of influenza A (HIN1)
2009 viruses

Results: Of 12 subjects, M RNA segments were detected in 12 NPA, 12 NS and 9
TS samples (Table 1). NPA specimens were found to contain the highest amount of
influenza viral load, and followed in order by NS and TS samples. Mean copy
numbers of viral load in NPA specimens was 1.54x10% (range 6.54x10° - 8.10~108)
copies/ml of VTM; and it was 6.53x107 (range 5.62+10% - 4.93x108) copies/ml for NS
and 1.05x10° (range 0 - 7.38x10°) copies/ml for TS (Table 2). Examples of real time
RT-PCR results are shown in Fig.3.

Table 1 Detection rate of M gene in each kind of specimen by real time RT-PCR

Number of positive cases
NPA NS TS
12 12 (100%) 12 (100%) 9 (75%)

Number of subjects

Table 2 Mean, median and range of copy numbers of viral load in each kind of sample

Virus Statistics NPA NS TS
H1N1/2009 Mean 1.54x10% 6.53x107 1.05%x10°
Median 4.02x107 8.49x10° 7.56x10*
Range 6.54x10°- 8.10x10®  5.62x102-4.93x10® 0 -7.38x10°
"l Subject 1 Subject 2
ot |
i NPA NPA
] NS
| |
L
|
: TS
o : NS
1
% |
H ¥
o=

Fig. 3 Examples of real time RT-PCR results

Conclusion: Based on M gene copy numbers, we conclude that NPA is the best
specimen for detection of pandemic influenza A (H1IN1) 2009 virus , and followed
in order by NS and TS.

Acknowledgement: This study is supported by Thailand Research Fund for
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Background:

Thailand has been affected by several waves of H5SN1 HPAI outbreaks
since 2004. Al control with biosecurity is strictly implemented in industrial
poultry farms. However, this type of control is costly and difficult to
implement in villages where flocks of backyard poultry are raised for
family consumption. Even though, there has been no human case since
August 2006, Al is occasionally reported in free ranging birds in remote
areas. Thai native chickens and free ranging ducks are relatively
resistant to HPAI H5N1 virus. Some may be infected without developing
clinical signs and death. Viruses shed from these infected poultry may
contaminate the environment and become sources of viral spread in
nature. Therefore, this study conducted serosurveillance to determine
H5N1 virus infection rate in backyard, Thai native chickens resided in Al
repeated outbreak areas.

Materials and methods:

This study was approved by the Ethical Committee for Animal Health and Welfare, Faculty of Veterinary Science and the
Animal Assurance PHS from Office of Laboratory Animal Welfare, USA (OLAW No. A5731-01). The study was carried out
during January 2007 to August 2009 in 6 provinces: Nakhonsawan, Lopburi, Sukhothai, Phitsanulok, Kamphaeng Phet and
Uttradit. Blood samples were collected from backyards chickens with consent from the owners. ELISA based
microneutralization assay in MDCK cell monolayer were conducted in biosafety level-3 containment facilities.  The
reciprocal antibody titer of 40 was the cut-off level for positive result.

Results:

Among 707 healthy backyards chickens, 12 (1.7%) had H5N1 neutralizing antibody.
By location, 6 chickens were in Phitsanulok, 5 in Sukhothai and one in Uttradit
provinces.

Table 1. Seroprevalence to HPAI H5N1 virus in healthy backyards chickens

Provinces No. of positive/ no. of Seropositive
chickens (%)
Nakhonsawan 0/4 0
Kamphaeng Phet 0/6 0
Phitsanulok 6/40 15
Lopburi 0/6 0
Sukhothai 5/588 0.85
Phichit 0/1 0
Uttaradit 1/62 1.61
Total 12/707 1.70

Conclusion:

The study demonstrated that backyards chickens resided in repeated outbreak areas, could survive H5N1 infection.
Asymptomatically infected chickens may play role as silent spreaders and maintain the virus in nature. Outbreak may occur
when the virus is spread to population of susceptible animals. Our finding lead to the suggestion that HPAlI H5N1 virus
might has become an endogenous pathogen of Thailand.

Acknowledgement:
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supported by Thailand Research Fund for Senior Research Scholar through P.P., the grant PI.
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Background; H|gh|y pathogenic avian influenza Results: TotaIIy, serum samples from 157 dOgS and 42

(HPAI) H5N1 virus had been documented for its
infectivity in several kinds of mammals including tigers
and domestic dogs and cats which are the most
popular pets of humans. HPAI has been well
controlled; and no human cases occurred in human
since August 2006. However, small outbreaks

occasionally occur in backyard poultry, together with ~ @nd cats
the infection in wild birds and mammal species. Animal Provinces No. of positive/ | Seropositive
Thus, there is a possibility that dogs and cats, no. of animals (%)
especially those living in H5N1 repeated outbreak Nakhonsawan 0N 0
areas or suspected outbreak areas where abnormal Kamphaeng Phet 0/2 0
death of poultry were found, have high risk of Uttaradit 0/3 0
exposure to H5N1 virus from eating the infected Dog  |Phichit 173 33.33
animal carcasses or closed contact with the infected Phitsanulok 8/17 47.06
animals. To demonstrate this, we performed Sukhothai 16/131 12.21
serological surveillance in dogs and cats living in 5 Total 251157 15.92
provinces where H5N1 HPAI outbreaks or suspected Nakhonsawan 0/0 0
outbreaks were found, by using microneutralization Kamphaeng Phet o 0
(microNT) assay. Uttaradit 073 0
Cat Phichit 0/5 0
Phitsanulok 2/5 40
Materials and methods: This study was carried out Sukhothai 0/28 0
during January 2007 to August 2009 in dogs and cats Total 2/42 4.76

living in 5 provinces where H5N1 HPAI outbreaks or
suspected outbreaks repeatedly occurred, i.e.,
Sukhothai, Phichit, Phitsanulok, Uttaradit and
Kamphaeng Phet. The study protocol was approved
by the Ethical Committee for Animal Health and
Welfare, Faculty of Veterinary Science and Animal
Assurance PHS from Office of Laboratory Animal
Welfare, USA (OLAW No. A5731-01). Blood sample
collection was employed under consent from the
animal owners. ELISA based microNT assay in
MDCK monolayer was performed in biosafety level-3
containment facilities. The reciprocal antibody titer 40
was established as the cut-off level for positive result.

cats were tested. H5N1 NT antibody was detected in 25
(15.9%) dogs and 2 (4.7%) cats. Highest prevalence was
found in animals from Phitsanulok province, and followed

in order by Phichit and Sukhothai provinces.

Table 1. Seroprevalence of HPAI H5N1 virus in domestic dogs

Conclusion: We demonstrated that dogs and cats living in
the H5N1 outbreak areas could be infected
asymptomatically or developed only mild symptom.
However, time at infection is not known. Dogs and cats can
serve as a potential source of HPAI spread in addition to
avian species.

Acknowledgement: This study supported by US. CDC
(Cooperative Agreement Number 1U19CI00399-01). The
study was also partial supported by Thailand Research
Fund for Senior Research Scholar through P.P., the grant
PI.
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Background

A flock of brown headed-gulls (Larus brunnicephalus) is seen along the muddy beach at Bang Pu, Samut Prakarn
every year during November to March. However, its long distant migratory route has never been reported. Our group
could isolate HPAI H5N1 virus from 4 (2.6 %) of 153 birds of this flock in 2005 and 2008. Thus, this flock might play a
role in the spread of HPAI virus along its fly ways. The present study conducted satellite telemetry technique to
demonstrate the migratory routes of this bird species, including an attempt to isolate H5N1 virus and detect specific
antibody by ELISA and microneutralization (microNT) assay.

Gulls negative for influenza A antigen were tagged with solar powered satellite
transmitters (Microwave); and their movements were monitored by Argos satellite
tracking system. Most locations, used for analysis and mapping with Google Earth
Programme version 4.3, had a precision of <1500 m. Tracheal and cloacal swabs
as well as serum samples from birds were collected at convenience, while the flock
stayed in Thailand.

Figure 1 : Brown headed-gull (Larus brunnicephalus)
was being tagged with solar powered satellite
transmitters.

We started tracking the first gull in March 2008 and the second group
of 7 gulls between February and March 2009. Collective data from the
two experiments confirmed that gulls migrated out of Thailand in April.
Five of them flew to Xinjiang, Qinhai and Tibet, places of their long
stay. The first gull moved from Tibet to West Bengal, India in October
before coming back to Thailand. Nevertheless, this bird stayed in
Thailand only shortly; then, it flew to Siem Reap, Cambodia in late
October and inhabited there until the signals lost in December 2008.
Birds could fly at a distance of 330.07 km/day in average. MicroNT
assay was performed in 85 birds, and the results were all negative;
meanwhile 3.5 % of samples were positive by ELISA for pan-influenza
A antibody.

Figure 2 : Migratory route of a Brown headed-gull during
March — December 2008.

Conclusions

Brown-headed gulls had migrated across several countries. However, it needs to be further explored that gulls can be
infected asymptomatically and the infected gulls can migrate that far. Then, role of this species in the spread of H5N1
virus can be concluded.
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Introduction:

Two inid inhibi (NAI), I ivir and ivir, have been used for
and prophylaxis of i A and B viruses. At present, almost 100% of seasonal
influenza H1N1 viruses are resi to I ir owing to ional change from histidine

to tyrosine at amino acid position 274 (H274Y in N2 numbering) in NA molecule .
Nevertheless, the H274Y mutant viruses are still sensitive to zanamivir. The H274Y mutation
was seen in N1 in both cell culture passaged viruses and clinical specimens from

or i p i treated with oseltamivir. Our study

and ivi i | HIN1 viruses

conducted a surveillance of

prevalent in Bangkok and rural area of Thailand between 2006 and 2009 by using the

fluorometric based NA inhibition assay as well as leotid: for I

change in N gene. Our study provided additional data from different geographical sites for
both drugs as well as the earlier time period of investigation.

Materials and Methods:

Seasonal influenza H1N1 viruses from 3 provinces of Thailand during 2006 to 2009 : 28
virus isol and 41 i y /!

(NA) inhibition assay using MUNANA substrate was used to determine
50% inhibitory concentration (IC50) of the virus isolates

Direct leotid: ing of PCR prodi derived from amplification of N genomic
segments present in clinical samples was performed. The nucleotide sequences were
analyzed for amino acid ion position indicating of drug

Standard curve ot MU Fig 1. curve of 4 i :
The MU solution was serially two fold diluted (4 to
10¢ mM), then the RFU (relative fluorescence unit)
values obtained were plotted against MU
i to g te a curve.
Therefore, the amount of viruses that yielded RFU
value between 20,000 and 40,000 was selected as the
standard dose. In general, all tested viruses in our

study were assayed at the RFU value about 30,000.
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Fig 2. NA activity assay of SI-255 and U184/49
virus isolates. These two viruses will be used at 190000 -
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Fig 3. NA inhibition assay of U184/49 and SI-255
against oseltamivir and zanamivir.

U184/49 is sensitive to both drugs (IC50 = 1.46 nM for
oseltamivir, and 2.51 nM for zanamivir), while SI-255 is

sensitive to zanamivir (IC50=3.31 nM), but resistant to
oseltamivir (IC50 = 372.18 nM)
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Fig 4. Chromatogram of N1 gene of mutant show changing of amino acid position
at position 274

Table 1. Mutation positions indicating NA inhibitor resistance

NA subt NA mutation positions (N2 numbering)
subtype Oseltamivir Zanamivir
A/H1IN1 H274Y, N294S Q136K
A/H3N2 E119V, D151E, 1222V, R224K | E119A/D/G, R224K , R292K,
, R292K, N294S, R371K, E276D
R371K, E276D
B E119A/D/G/V , R152K, E119A/D/G , R152K, D198N,
D198N, R292K R292K
Result:
All 22 i isol il i d in 2006 and 2007 were drug susceptible

with mean IC50 of 0.93 and 1.40 nM, respectively for oseltamivir.

The isolates in 2008 and 2009 were oseltamivir resistant with mean IC50 of
437.12 and 709.05 nM, respectively.

All of the 28 isolates tested were zanamivir sensitive, i.e., mean IC50 of 0.42 to
4.89 nM

The resistant mutation H274Y in N gene (N2 numbering) was found in all 6
clinical samples collected in 2008, but none of the 35 samples collected between
2006 and 2007.

Al of the 28 isolates tested were zanamivir sensitive, i.e., mean IC50 of 0.42 to

4.89 nM; and no mutational change indicati ivil i was observed in
all clinical samples tested. all of the 28 isolates tested were zanamivir sensitive, i.e.,
mean IC50 of 0.42 to 4.89 nM; and no i change i ivil
resistance was observed in all clinical samples tested.

Table 2. Susceptibility of seasonal influenza H1N1 virus isolates to NA inhibitors

Mean, median and range of IC50 in nM
Year Number tested — —
Oseltamivir Zanamivir
2006 18 0.93, 0.94, (0.50-1.42) 1.22,1.02, (0.42-2.11)
2007 4 1.40, 1.32, (1.02-1.94) 2.04,1.91, (0.63-3.71)
2008 5 437.12, 428.03, (370.73-495.54) 219, 2.13, (1.45-3.30)
2009 1 709.05 4.89

Table 3. Nucleotide sequencing for drug resistant markers in clinical samples from
patients with seasonal H1N1 virus infection

Amino acid positions on NA gene (N2 numbering)
Year | Number tested H274 H274Y N294 N294S
2006 32 32 - 32 -
2007 3 3 - 3 -
2008 6 - 6 6 -

Discussion:

Based on phenotypic and genotypic based assay, our study could not detect any

drug i 1 i H1N1 virus b 2006 and 2007; meanwhile the
high per ges of drug i have been discovered in 2008 and 2009.
Regarding ivir p ypic-based itivity assay, all of the viruses
tested were drug sensitive. Additionally, ion indicati ivi i was
not found in all clinical ples i i Never itisii ing to see

that the viruses have a trend towards an increasing IC50 values by years; and this
point is to be further explored.
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Introduction

Susceptibility of influenza viruses against anti-viral drugs can be determined by genotypic based assay
(such as nucleotide sequencing and RT-PCR) or phenotypic-based assays (such as NAIl assay, plaque reduction
assay and viral protein reduction assay). The present study proposed that no single assay is adequate for anti-
influenza drug resistance surveillance; and at least two assays of different principles should be performed in order to
compensate for the disadvantage of another one. Herein, all four assays mentioned above were employed in the
detection of oseltamivir and zanamivir resistant influenza viruses.

Phenotypic based assays

MUNANA-based NAI assay Plaque reduction assay
. Virus + NA inhibitor
;, \:3/:;’ Meuraminidase -~ D' E JV/ 37C, 1hr
":J‘: WA o oo Add to MDCK monolayer
2-{4-Methylumbelliferyl}-o- 4-Methylumbeliferone - HiNg
D-M-acetylneuraminic acid 1 37C,1hr mutant H274Y
Wash out

H1N1
wt H274

Add agarose gel with various

Cell control  Virus control ~ Oseltamivir

concentration of NA inhibitor 50 M
T P ﬂ 37C, 48 hr
Stain with crystal violet and determine for ICy,
Results
Nucleoprotein reduction assay
O ivir car y Zanamivir
Viruses MUNANA-NAI | Plaque reduction | NP reduction | MUNANA-NAI | Plaque reduction | NP reduction Virus + NA |nh|b|tor
assay (nM) assay (uM) assay (UM) assay (nM) assay (uM) assay (UM)
Reference strains 37C, 1hr
A/Mississippi/03/01(HIN1) wt (274H) 1.799 0.27 0.050 1.28 050 0.11 v
03/01(H1N1) mutant (274Y) 471.76 43.64 131.12 124 0.52 0.331 Add to MDCK monolayer
Seasonal viruses ‘ 37C‘ 1 hr
A/Brisbrane/59/07(H1N1like SEA_3043 875.25 104.44 781.49 3.89 0.39 1.659 Wa S\H out
A/Brisbane/10/07(H1N1)-like SEA_3026 1.21 0.01 0.833 0.64 0.045 2.205
A/Brisbrane/10/07(H3N2 like SEA_3613 0.85 0.055 0.166 1.82 0.50 1.331 b
2009 HINT virus Add media with various
A/Thailand/104/09(H1N1) 1.02 0.39 1.94 0.60 1.52 4.671 concentration of NA inhibitor
H5N1 viruses
AlThailand/1 (KAN-1)/04 0.15 1.084 5.68 1.82 14.32 50.282 I 37C, 24 hr
A/Thailand/3(SP-83)/04 0.19 0.003 0.008 1.02 0.017 0.231 .
AlThailand/5(KK-494)/04 0.26 0.031 0.223 221 0.885 0.186 ELISA based nUde_OprOte'n assay and
AlThailand/676(NYK)/05 047 0,035 0.012 3.12 0.479 0.932 determine 1C5,
AlLaos/Nong Khai 1/07 8.05 0.528 3.165 113 1.104 3.163
A/Thailand/276(NBL)/06 0.86 0.006 0.004 2,04 0.009 0.053
AfTiger/Thailand/BF 154/04 0.13 0.238 0.4395 0.40 0.042 0.099
AlGolden Pheasant/Thailand/BF2743/05 0.18 No plaque formation >800 0.24 No plaque formation >800
A/Clouded Leopard/Thailand/VSKU-6/04 0.14 0.003 3.266 0.16 0.038 1.982
Alchicken/Thailand/V$143/07 1.88 0.002 0.007 7.68 0.013 0.14
Alchicken/ThailandVS195/07 0.53 No plague formation 560.73 49 No plague formation 259.45
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Influenza A virus infection and induction of cytokines and chemokines in
human umbilical vein endothelial cells

Jarunee Prasertsopon?, Prawit Akarasereenont?, Kitirat Techatrisak?, Phisanu Pooruk?,
Nathamon Ngaosuwankul!, Athiwat Thaworn?, Pilaipan Puthavathana?

Abstract

Infection of human endothelial cells may be an explanation for influenza virus dissemination beyond the . |
respiratory tract. Herein, seasonal influenza A(HIN1) and A(H3N2), and HS5N1 highly pathogenic avian influenza :
(HPAI) viruses were determined for their capability to infect and induce cytokine/chemokine production in human : |

umbilical vein endothelial cells (HUVECs). The influenza infected HUVEC cultures showed cytopathic effect (CPE) and MnkieceaHOVESs = | | “A/Haiand AN
expressed viral nucleoprotein as determined by immunofluorescence assay (IFA). Supernatants from the infected L
cultures were collected at intervals and titrated for virus titers in MDCK cells as well as assayed for Fig.1 Cytopathic characteristics of HUVECs infected with influenza virus

cytokine/chemokine production by ELISA. The result showed that most of HsN1 isolates yielded high or moderately
high titers of virus progenies; while, only one isolate poorly replicated. On the other hand, seasonal influenza viruses
could also replicate in HUVECs, but to a lesser extent. Using commercial ELISA, IL-8 could be detected in
supernatants of HUVEC cultures infected with all influenza subtypes; but TNF-a and IL-1B could not be detected at
all. Interestingly, HSN1 HPAI dramatically induced IP-10 production; while H3N2 viruses induced very low level and
seasonal HIN1 viruses could not. Our study suggested that an ability to infect and induce cytokine/chemokine Uninfected HUVECS A/Fulian13/2002(13n2) [l A/New Caledonia/20/9 (4181)
production in HUVECs may contribute to mechanism of virulence of HSN1 HPAI viruses in humans.
Introduction

With very few exception, an illness produced by human influenza viruses usually confines within the respiratory
tract and subsides without sequel in most of the cases. On the other hand,HSN1 HPAI virus is the most virulent

Fig.2 Influenza nucleocapsid antigen in nucleus and/or cytoplasm of the infected HUVECs

as -
influenza subtypes ever reported in human infections. A virulent factor of HSN1 HPAI virus is its ability to disseminate 60 o
beyond the respiratory tract to distal organs and cause multi-organ failure in most of the patients. Moreover, b =
pneumonia hemorrhage was the common pathological finding in HPAl. Hemorrhage and edema are the = & ©
characteristics suggestive of activation or infection of the endothelial cells which consequently lead to loss of tight £ ** 35
o R . I X . VAR g 20
junction constituents and vascular hyper-permeability, and probably virus dissemination in the body. The present % » 2
study explored mechanism of pathogenesis involving influenza A virus dissemination through investigation on their = 15 i
ability to infect, replicate and induce cytokine and chemokine production in primary endothelial cells derived from - b
pooled HUVECs. S E T S CO N S\ * S U T
Objectives M P S S R G
»o$ & O & F & &
* To explore the ability of 15 influenza virus isolates including 9 H5SN1 HPAI, 3 seasonal HIN1 and 3 H3N2 viruses to & N &L LS
infect HUVECs. Kinetics of their replication was also determined at 1, 3, 5 and 7 days post infection (dpi.). HSN1 HPAI viruses Seasonal HIN1 and H3N2 viruses
#To study the kinetics of cytokine and chemokine (TNF-a,IL-1B, IL-8 and IP-10) release in supernatants of the infected Fig.3 Titers of influenza viruses in supernatants of the infected HUVEC cultures
HUVEC cultures s
Materials and methods [
70000 .
HUVECs + virus (0.005TCIDSO/cell) | =P
‘_E 50,000 Il oy 7
Harvest culture supernatants at 1, 3, 5 and 7 dpi. B 40,000
; 30,000
= 20,000
Infected cells Supernatants mm:
S N &
S5 5 S &2 4 3 N S 2N o
\#‘ll éze

i " Titration of virus ELISA (R&D) for o160
(LG EIREEEEED progenies in MDCK cytokine/chemokine
(IF) assay cells (TNF-a, IL-1B, IL-8 and IP-10)

Result .

g

g

Virus infection in HUVECs g =

£ 1500 [ pays

All influenza A subtypes could produce CPE in HUVEC cultures. Nevertheless, CPE produced by H5N1 isolates E 1000 = o
could be recognized as early as 1 day post infection (Fig.1). The viral antigen was found in nucleus and/or cytoplasm 00
of the infected HUVECs as shown by IFA (Fig.2). Successful productive infection of influenza virus in HUVECs was o

demonstrated by the release of viral progenies in the culture supernatants collected at 1, 3, 5 and 7 dpi. Among 9 ﬁ;« \8,-\15@ 4«,\{;“‘ 3:;; @;ﬁf ﬁ\{f ~\*i:: (‘::j ‘\@‘,x:;» ‘g;\*’ 0:\:'
H5N1 isolates, KAN-1, Nong Khai 1 and NBL 1 (feces) viruses replicated efficiently and yielded high virus titers; SP-33, MRV S S A < cy\;g“ o‘?{“\
<

SP-83, 676 NYK, NBL 1 (lung) and NBL 1 (trachea) replicated at moderate efficiency; while, KK-494 poorly replicated
in HUVEC cultures. H3N2 viruses could fairly replicate in HUVECs, but least efficiency of replication was noted with
Moscow virus. On the other hand, all of the 3 seasonal HIN1 viruses investigated poorly replicated in HUVECs
(Fig.3). Conclusion
Cytokine and chemokine production

Viruses

Fig.4 Levels of cytokines and chemokines in supernatants of the infected HUVEC cultures

H5N1 HPAI, seasonal HIN1 and H3N2 viruses could elicit productive infection in
All influenza viruses investigated could induce IL-8 in the infected HUVECs as assayed in the culture supernatants HUVECs; and highest efficiency of replication was noted with HSN1 HPAI viruses. IL-8
collected at different dpi., while none of them induce TNF-a and IL-1. Interestingly, HSN1 HPAI viruses was the only  oyid be detected in supernatants of HUVEC cultures infected with all influenza

subtype that could induce IP-10 production (Fig.4). subtypes; while TNF-a and IL-1B could not be detected at all. Moreover, IP-10 induction
Acknowledgements was typical for HSN1 viruses. Our study suggests that direct cellular damage and
This study was supported by Thailand Research Fund for Senior Research Scholar and Mahidol University Research ~ induction of high level of IP-10 in the infected HUVECs may contribute to mechanism of

Grant. pathogenesis in severe H5SN1 HPAI patients.



Abstract Ii
Normal guinea pig sera (GPS) were used as the tool to study serum
innate immunity against seasonal influenza A(H1N1) and A(H3N2), 2009
pandemic A(H1N1) (H1N1pdm) and HS5N1 highly pathogenic avian
influenza (HPAI) viruses. GPS was incubated with influenza viruses; and
then, the mixtures were transferred onto MDCK cell monolayers to assay
for virus infectivity. The results demonstrated that H3N2 virus was the
most sensitive to GPS, while seasonal influenza A(H1N1) and H1N1pdm
viruses were less sensitive. When GPS was heat inactivated or treated
with receptor destroying enzyme (RDE) followed by heat inactivation, the
serum inhibitory effect dramatically decreased. Interestingly, all of the
H5N1 strains tested were highly resistant to GPS. It was suggested that
H or both H and N of H5 viruses may confer this resistance. Two reverse
genetic viruses, PR8-H5HA and PR8-H5HN, were tested against GPS in
parallel with the reassorted PR8 wild type virus. The result showed that
both reverse genetic viruses were resistant, while the reassoted PR-8 wild
type was sensitive to GPS. It was found that H3N2 viruses contained
highest number of glycosylation sites and followed in order by H1N1 and
HPAI H5N1 viruses. Thus, inverse correlation between sensitivity to GPS
and number of glycosylation sites had been demonstrated. This finding
may explain a mechanism to pathogenesis of H5N1 HPAI virus on its
ability to spread beyond the respiratory tract.

4' Introduction li

Several soluble factors as well as non-specific inhibitors in sera of various
animal species possess blocking activity against influenza virus infection.
In presence of the serum inhibitors, the viruses were neutralized and resulted in the
reduction of the amount of viral nucleoprotein produced in the inoculated cell
cultures. It is difficult to study innate immunity against influenza viruses by
using human sera due to interference effect from pre-existing specific
antibodies arose during past infections or vaccination. Therefore, guinea
pigs were chosen as the model in this study.

4' Objective li

< To study seasonal influenza virus subtypes A/H1N1 and A/H3N2,
H1N1pdm and HPAI H5N1 viruses on their susceptibility to
guinea pig serum inhibitors

« To characterize biological properties of the serum inhibitors

« To determine correlation between glycosylation site on HA and NA
and susceptibility to serum inhibitors

« To determine role of HA/NA on susceptibility/resistance to serum
inhibitors

Normal guinea pig serum mediates inhibitory effects on
influenza virus infection

Jutatip Panaampon, Phisanu Pooruk, Pirom Noisamdaeng, Rungnapa Bunruang, Ornpreeya Suptawiwat,
Prasert Auewarakul, Pilaipan Puthavathana

Department of Microbiology, Faculty of Medicine Siriraj hospital, Mahidol University, Bangkok 10700, Thailand

| Results |

Table 2 Numbers of glycosylation site on HA and NA

Table 1. Viral NP production in MDCK infected cells
of the study viruses

% of NP in of S
Virus Virus name Native Heat RDE treated lumber of |
subtype serum | inactivated | plus heat Virus subtype Virus name nlywsyl:llon sites
serum inactivated
serum HA NA
HINA Reassorted AIPR/8/34 50.1 96.8 96.6 HIN1 APRB/34 - 7 4
A/New Caledonia/20/99-like virus | 79.1 86.8 98.8 A/New Caledonia/20/99-like virus 10 9
A/Brisbane/59/07-like virus 69.3 85.1 88.3 A/Brisbane/59/07-like virus 10 9
H1N1 pam | A/Thailand/104/09 65.8 85 947 HIN1 pdm ArThailand/104/09 8 8
A/Nonthaburi/102/09 16.4 194 58.4 ANonthaburi/102/09 8 8
AlCalifornia/07/09 13 255 919 AlCalifornial07/09 8 8
H3N2 A/Sydney/05/97-like virus 19.2 95.3 100 H3N2 A/Sydney/05/97-like virus 1 -
A/Moscow/10/99-like virus 0 79.7 100 A/Moscow/10/99-like virus 1 9
A Fujian/411/02-like virus No.1 3.1 778 88 AFujian/411/02-like virus No.1 12 -
AlFujian/411/02-like virus No.2 38 512 97 AFFujian/411/02-like virus No.2 12 -
H5N1 | A/Thailand/1(KAN-1)/04 922 - - H5N1 AfThailand/1(KAN-1)/04 8 3
AlThailand/5(KK-494)/04 89.2 - - ArThailand/5(KK-494)/04 8 3
AlThailand/676(NYK)/05 94 s AlThailand/676(NYK)/05 8 4
AlThailand/NBL-1/06 feces 9.5 - ArThailand/NBL-1/06 8 3
AThailand/NBL-1/06 lung 97.8 5 - AlLaos/Nong Khai 1/07 8 4
AlLaos/Nong Khai 1/07 99.2 - o PR8-HSHA rgPR8 H5HA (KAN-1) 8 4
PR8-HsHA |rgPR8 H5HA (KAN-1) 97.7 98.2 97.8 PR8-HN rgPR8 H5HN (KAN-1) 8 3
PR8-HHN | rgPR8 H5HN (KAN-1) 933 94.6 94.5

Note: % of NP produced as compared to that of the virus control

A

Ooasieserum

Obess-inactivared serum

ORDE - beatsmactivated serum

5

% Inhibsition of virs! infective

R eathn of vir ol infextion

u indilatian af viesd infection

% inhebition of viral infection

s % %, %,
“ @: L’

» " %,
Figure Comparison between inhibiting activity of native, heat inactivated, and RDE treated plus heat inactivated
serum against : A. Seasonal H1N1; B. H1N1pdm; C. H3N2 viruses; and D. Reverse genetic viruses
. * There was statistically significant difference between the inhibitory activity of native serum and the heat inactivated serum or
the RDE + heat treated sera (t-test: p < 0.05).
** There was statistically significant difference between the inhibitory activities of the
heat inactivated serum and the serum treated with RDE + heat inactivation (t-test: p < 0.05).
*** There was statistically significant difference between the inhibitory activity against rgPR8H5HA or rgPR8H5HN and
the PR8 wild type virus (t-test: p < 0.05).

| Conclusion l

Materials and methods

— |

»

1000TCID50 of virus + 2 hemolytic units of GPS

(native, heat inactivated , RDE treated followed by heat inactivation)
37 C for 45 minutes

MDCK cell monolayers
37 C, overnight

Assay for the amount of viral nucleoprotein (NP) produced in
the inoculated MDCK cells by ELISA

|
GPS contained inhibitory factors that could neutralize influenza virus infectivity; and the degree of inhibition was
dependent on the virus subtypes and inversely correlated to number of glycosylation sites present in HA or HA
and NA molecules. These inhibitory factors were consisted of heat labile, heat stable, RDE resistant, and RDE
sensitive factors. Among all virus isolates tested, the inhibitor sensitive H3N2 viruses contained highest number of
glycosylation sites. However, the inhibitor sensitive reassorted PR8 and the inhibitor resistant HPAI H5N1 viruses
contained the similar least number. Our study has demonstrated a novel mechanism to virulence of HSN1 HPAI
viruses, i.e., the resistance to innate serum inhibitors which makes the viruses readily to disseminate beyond the
respiratory tract through viremia.
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Serological response to the 2009 influenza A (H1N1) virus strains
derived from different epidemic waves in Thailand
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Abstract

Up to the end of 2010, Thailand has encountered 3 epidemic waves of the 2009 pandemic influenza A
(HIN1) virus. In order to determine the viral antigenic drift that might occur during these epidemic
waves, a total of 105 archival serum samples collected from patients and non-patients in July 2009 were
assayed by hemagglutination inhibition (HI) assay using two isolates of the 2009 pandemic viruses derived
from each pandemic wave as the test antigens. The result obtained from the two viruses derived from the
same epidemic wave (intra-epidemic viruses) showed no significant difference in level of HI
titers, i.e., GMT 46.9 and 44.2 for viruses from the first epidemic wave, GMT 55.6 and 51.1 for viruses from
the second epidemic wave; and GMT 28.6 and 23.3 for viruses from the third epidemic wave (t-test; p >
0.05). On the other hand, HI antibody titers obtained from the viruses of the first or second epidemic
waves were significantly higher when compared with those titers obtained from viruses of the third
epidemic wave (t-test; p < 0.05). However, HI titers obtained from viruses belonged to the first and the
second epidemic waves were not significantly different. Nucleotide sequences derived from HA gene of
the six viruses were analyzed; and the result showed that these viruses were grouped into three separate
clusters of the phylogenetic tree. The viruses isolated from the same epidemic wave were belonging to
the same cluster. Taken together, the results suggested an antigenic change of the 2009 HIN1 viruses to
the point that the antibody arose from the first exposure might not be able to protect from the viruses
derived from the subsequent epidemic waves. The virus strain incorporated as a component of vaccine in
use at present, therefore, might not match with the current strains circulating in the community.

Methodology

- A total of 105 archival serum samples collected in July 2009 from patients and non patients were
investigated by HI assay (Figure 1) as described in the WHO manual on animal influenza diagnosis and
surveillance. Six virus isolates derived from 3 epidemic waves were used as the test antigens (Table 1).

- Nucleotide sequences derived from complete HA gene of the six viruses were genetically analyzed using
BioEdit and MEGA 5 software.

Background

Thailand had encountered 3 epidemic waves of the 2009 pandemic influenza A (H1IN1) between 2009 and
2010. The first wave lasted between May and October 2009; and followed by the second wave between
November 2009 and April 2010, and the third wave between May and October 2010. Based on the RNA
nature of influenza virus, genetic drift commonly occurs and subsequently leads to viral antigenic variation
such that antibody arose against the virus originated during the first epidemic wave may be not able to
protect against those arose during the subsequent epidemic waves.

Objectives

- To determine GMT of antibody in serum samples collected during the first epidemic wave against the
2009 pandemic A (HIN1) (H1IN1pdm) viruses derived from the three epidemic waves by hemagglutination
inhibition (HI) assay

- To characterize HA gene of the viruses derived from the three epidemics

Results

The test sera harbored various Hl antibody titers against each of the test viruses as shown in Table 2. GMT
obtained from each of the two viruses derived from the same epidemic wave (intra-epidemic viruses)
were not significant different (t-test; p > 0.05) as shown in Figure 2. And also, GMT obtained from viruses
belonged to the first and the second epidemic waves were not significantly different. On the other
hand, GMT of HI antibody against the viruses of the third epidemic waves were significantly lower than
those against viruses of the first and second waves (t-test; p < 0.05, *). Nucleotide sequences derived from
HA gene of the six viruses were analyzed; and phylogenetic tree demonstrated that viruses derived from
the three epidemic waves belonged to different clusters as shown in Figure 3.

Table 2. HI antibody titers against the test viruses
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Figure 1. Hemagglutination inhibition (HI) assay

Figure 2. GMT of HI antibodies against each of the six

Table 1. History of virus isolates used in this study

A/Thailand/104/2009 Apr 2009 1 Imported case from Mexico ~ MDCK5
A/Thailand/ICRC_CBI_10/2009 June 2009 1 Chonburi, Thailand MDCK5
A/Thailand/SEA 34002/2010 Feb 2010 2 Bangkok, Thailand MDCK5
A/Thailand/SEA 34004/2010 Feb 2010 2 Bangkok, Thailand MDCK4
A/Thailand/ICRC_BKK_1/2010 Aug 2010 3 Bangkok, Thailand MDCK5
A/Thailand/ICRC_NSN_1/2010 Sep 2010 3 Nakornsawan, Thailand MDCK6

test viruses. * represents statistic different with p < 0.05.

Figure 3. Phylogenetic tree based on HA gene nucleotide sequences

Conclusion

This study demonstrated significant antigenic change of HIN1pdm to the point that the existing antibody
arose from the first epidemic wave or vaccination might not be able to protect against the current
circulating strains. The virus strain to be incorporated as a component of vaccine, therefore, should be
reconsidered to match with the current strains which underwent antigenic change dramatically.
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