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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_AI.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. 
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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 

A/chicken/Thailand/ICRC-V143/07(H5N1) (accession No. EU233413-EU233420) at a final 

concentration of 4 hemagglutination units/25 l 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. 

A/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 (AI 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 l of A/Brown-head gull/Thailand/vsmu-4/2008(H5N1) (accession No. 

EU676322-EU67329) at an inoculum dose of 10, 103 and 104 tissue culture infective dose 50 
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(TCID50). 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.  
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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 I.D. 88216; (D) Gull I.D. 91416; and (E) Gull I.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 Body weight (g) Marking date 

Time at signal loss 

from monitoring 

Place at 

signal loss Tracking period 

74795 ND 475 Mar 25, 2008 Dec 2008 Cambodia 9 mos. 

88215 Male 650 Mar 26, 2009 Mar 2011 Thailand 2 yrs. 

88216 Female 600 Mar 13, 2009 May 2010 Tibet 1 yr, 2 mos. 

88217 ND 450 Feb 17, 2009 Mar 2009 Thailand <1 mo. 

88218 Female 500 Mar 26, 2009 Apr 2009 Thailand <1 mo. 

91416 ND 440 Feb 17, 2009 Jan 2011 Cambodia 1 yr, 11 mos. 

91417 ND 430 Feb 17, 2009 Nov 2010 Thailand 1 yr, 9 mos. 

91418 ND 400 Feb 17, 2009 Mar 2009 Thailand <1 mo. 

 

ND = Not determined 
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Table 2. Flying distances of the tracked gulls. 

Total distance on migration 
(km) 

Duration of migration 
(days) 

Average distance at 
habitat per day (km) 

Bird I.D. Year 
Thailand to 
China 

China to 
Thailand 

Thailand 
to China 

China to 
Thailand 

Average flying distance 
on migration per day (km) China Thailand 

74795 2008 2,419 2,747 7 9 326 26 28 

88215 2009 3,167 2,372 12 16 201 2 7 

2010 2,223 2,404 9 21 174 9 6 

2011 Lost 6 

88216 2009 2,343 2,014 5 15 310 19 6 

2010 2,074 Lost 7 2 

91416 2009 2,255 2,067 12 12 177 1 2 

2010 1,954 1,968 23 12 137 3 3 

91417 2009 2,924 2,917 39* 22 152 3 6 

2010 2,403 2,870 22 5 360 10 3 

Average 
distance 

 

2,418 2,420 12 14 230 9 7 

95% CI 2,139- 2,698 2,143- 2,697 7-23 10-18 167 - 293 3-16 1-12 
 

CI = Confidence interval  

    *The migratory route started from Thailand to Cambodia and Vietnam, and it took 39 days from Vietnam to China.  
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Table 3. Habitats of the tracked gulls. 

Length of stay (days) 

Bird I.D. Location 2008 2009 2010 2011 Average 

74795 
Thailand: Samut Prakan, Samut 
Sakhon 44 - - - - 

China: Qinghai, Xinjiang, Tibet 174 - - - - 

Cambodia: Siem Reap 35 - - - - 

88215 
Thailand: Samut Prakan, Samut 
Songkhram - 90 119 61 90 

China: Xinjiang, Tibet - 170 180 - 175 

Cambodia: Pursat, Siem Reap - - 40 (02/12/10 -11/01/11) - 

88216 
Thailand : SamutPrakan, 
SamutSongkhram, Chachoengsao - 90 98 - 94 

China: Tibet - 183 - - - 

91416 Thailand :SamutSongkhram - 64 101 - 82 

China: Tibet - 201 189 - 195 

Cambodia: Kampong Thom, Pursat, 
Siem Reap - - 42 (19/11/10 - 10/01/11) - 

91417 
Thailand : Samut Prakan, Samut 
Songkhram - 83 78 - 81 

China:  Qinghai, Xinjiang - 146 180 - 163 

Cambodia: Kampong Thom, Pursat, 
Siem Reap - 32 (25/12/09- 25/01/10) - - 
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Table 4. Susceptibility of Brown-headed gulls in captivity to H5N1 virus challenge. 

 

Inoculum 
dose 
(TCID50) 

Gull 
No. 

Day of shedding after virus 
inoculation from Day at 

death 
NT titer at day after inoculation 

Trachea Cloacae 0 5 10 15 20 25 

104 1 No shedding 2, 3 4 <20 
2 2, 3 2 4 <20 
3 1, 2, 3, 4 3, 4 5 <20 

103 4 3, 4 No shedding 5 <20 
5 1, 2, 3, 4 2, 3, 4 5 <20 
6 2, 4 3 6 <20 20 

10 7 No shedding No shedding Alive <20 <20 <20 <20 <20 <20 
8 No shedding No shedding Alive <20 <20 160 1280 
9 4 3 7 <20 <20 
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Figure 3
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Figure 4
Click here to download high resolution image
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A/Thailand/1(KAN-1)/04(H5N1) A/Thailand/676(NYK)/05(H5N1)
Serum Code HI antibody titer NT HI antibody titer NT 

(sequential blood) Goose Chicken Guinea pig Human Horse Ab titer Goose Chicken Guinea pig 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 -
TN 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 <5 - - - - - -
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 -

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.

Materials and Methods

• Viruses : 14  human and animal H5N1 influenza viruses

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

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 28.95 33.25 57.89 118.9 116.19 80 84.38 92.81

Guinea pig Human gr O Horse chicken goose
  Concentration (%) 0.75 0.75 1 0.5 0.5
  Microtiter plate U U U V V
Incubation time 40C min 60 60 60 30 30

Table 1 : Condition of Hemagglutination test and Hemagglutination inhibition test 

Goose Chicken  Guinea pig       Human group O            Horse  

• Serum samples : 15 human sera from 7 cases
• Erythrocytes from 5 species

Geometric mean antibody titer  as using erythrocyte from:

Viruses Goose Chicken Guinea pig Human Horse
A/Thailand/1(KAN-1)/04 36.47 22.97 28.95 33.25 57.89
A/Thailand/676(NYK)/05 118.9 116.19 80 84.38 92.81
2-sided exact p-value

0.001 0.002 0.004 0.004 0.102(Wilcoxon’s signed-rank test) 

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

Passage * HA titer based on erythrocytes of

H5N1 Influenza A viruses history Goose Chicken Guinea pig
Human 

gr.O Horse
A/Th il d/1(KAN 1)/04 MK2 MDCK8 512 512 128 128 128

  Incubation time 40C, min 60 60 60 30 30

Results

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 

Conclusions

• 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 HI influenza
antibody

(Stephenson, 2003 and WHO,2002)

A/Thailand/1(KAN-1)/04     MK2, MDCK8 512 512 128 128 128
A/Thailand/2(SP-33)/04     MDCK6 64 64 64 32 16
A/Thailand/3(SP-83)/04     MDCK5 64 64 16 32 16
A/Thailand/5(KK-494)/04 MDCK4 128 64 32 64 32
A/Thailand/676(NYK)/05 MDCK9 256 256 512 256 32
A/Tiger/Thailand/VSMU-11-SPB/2004 Egg 1 512 512 256 256 256
A/Clouded Leopard/Thailand/VSKU-6-CBI/2004 Egg 1 512 512 256 256 <2
A/Great Barbet/Thailand/VSMU-2-CBI/2005 MDCK2 128 128 64 64 32
A/Green Peafowl/Thailand/VSMU-3-CBI/2005 MDCK2 256 128 64 64 64
A/Crane/Thailand/VSMU-4-CBI/2005 MDCK2 512 256 128 128 128
A/Tree sparrow/Thailand/VSMU-16-RBR/2005 MDCK4 64 64 32 32 16
A/Golden Pheasant/Thailand/VSMU-21-SPB/2005 MDCK1 128 64 32 16 32
A/Pigeon/Thailand/VSMU-25-BKK/2005 MDCK3 64 64 32 16 16
A/Chicken/Thailand (SPB)/137/2005 MDCK4 512 512 64 64 128

Geometric 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
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Respiratory Viruses Associated with Severe Pneumonia
Pisut Komolsiri1, Tawee Chotpitayasunondh2, Kulkanya Chokephaibulkit1, Chariya Sangsajja3, Charoen 

ChuChottaworn4, Achareeya korkusol1, Rajita Kanyaboon1, Phisanu Pooruk1, Nirun Vanprapar1,
and Pilaipan Puthavathana1

1Faculty of Medicine Siriraj Hospital, Mahidol University; 2Queen Sirikit National Institute of Child Health; 
3Bamrasnaradura Infectious Disease Institute; 4Chest Disease Institute Thailand

Table 1. Viral agents associated with severe pneumoniaAbstract 
Conventional multiplex RT-PCR using Seeplex kit and
indirect immunofluorecence (IFA) assay were used to
investigate for viral agents associated with severe
pneumonia in Thai patients. Our result demonstrated that
> 80% of pediatric cases were associated with viral

Bamrasnaradura Infectious Disease Institute; Chest Disease Institute, Thailand

Virus

Positive by
IFA Seeplex Grand

Adult Pediatric Total Adult Pediatric Total total
Flu A 1 15 16 1 14 15 17 (8.7%)
Flu B 0 8 8 1 7 8 9 (4.6%)
PIV 1 1 6 7 1 11 12 12 (6.1%)

infection; and 60% of them were two years old. RSV was
the most common virus found (23.6%), and followed in
order by adenovirus (14.3%), Flu A (8.7%), and HuMV
(8.2%). Viral infections were found only in 30% of adult
cases. Seeplex could detect mixed viral infections in 14
(7.2%) cases: of which adenovirus was the most common
mixed agent. Seeplex was statistically compared with
IFA by agreement over chance and it was found that the

V 6 7 (6. )
PIV 2 0 1 1 0 1 1 1 (0.5%)
PIV 3 1 4 5 1 4 5 6 (3.0%)
RSV 0 43 43 0 41 41 46 (23.6%)

Adenovirus 1 12 13 1 26 27 28 (14.3%)
HuMV NA NA NA 2 14 16 16 (8.2%)

Rhino A virus NA NA NA 1 15 16 16 (8.2%)
Coronavirus NA NA NA 1 2 3 3 (1.5%)
Total viruses 4 89 93 9 135 144 154 (78.9%)

Total positive pediatric cases = 130/163 (79 7%)

Objective

Materials and Methods

To investigate respiratory viruses associated with severe 
pneumonia by using multiplex RT-PCR (Seeplex RV detection 
kit, Seegene, Korea) and IFA.

Seeplex

Total
(+) (-)

(+) Flu B 7 1 8

Seeplex

Total
(+) (-)

(+) Flu A 14 2 16

Seeplex

Total
(+) (-)

(+) RSV 38 5 43

IFA by agreement over chance and it was found that the
agreement over 0. 80 was found with RSV, flu A and flu B
only. Table 2.  Investigation for viral agents by IFA and Seeplex 

Total positive pediatric cases = 130/163 (79.7%)
Total positive adult cases = 10/32 (31.2%) 

Materials and Methods

Immunofluorescence assay (IFA): Exfoliated cells present in NPA 
were used for detection of viral antigens by indirect IFA using 
Respiratory Panel IFA kit, Chemicon, USA. 
Multiplex RT-PCR for respiratory viruses (RV): RNA extracts

IFA 
(+) Flu B 7 1 8

(-) Flu B 1 186 187

Total 8 187 195

IFA 
(+) Flu A 14 2 16
(-) Flu A 1 178 179

Total 15 180 195

Seeplex
Total

(+) (-)

IFA 
(+) Adeno 12 1 13
(-) Adeno 15 167 182

Total 27 168 195

IFA 
(+) RSV 38 5 43
(-) RSV 3 149 152

Total 41 154 195

Seeplex
Total

(+) (-)

IFA 
(+) PIV 1 7 0 7
(-) PIV 1 5 183 188

Total 12 183 195

Subjects: This study comprised 195 severe pneumonia patients: 163 
children and 32 adults from 4 hospitals in Thailand.  99 ( 60.7%) 
pediatric cases were under two years old. Adult cases had age-range 
between  27 and 81, of which (71.9%) were older than 50. 

Table 3. Determination for agreement over chance index between 
Results
Fig 1. Immununofluorescence staining of virus infected cells in NPA. 

Multiplex RT PCR for respiratory viruses (RV): RNA extracts 
from NPA samples were reverse transcribed with random hexamer 
primers Subsequently, cDNA  was subjected to Seeplex RV 
Detection (Seegene, Korea). This test kit includes  2 panels (RV1A 
and RV1B) of primer pairs specific to 12 RV: adenovirus, human 
metapneumovirus, coronavirus (229E), PIV1, PIV2, PIV3 in RV1A, 
and Flu A, Flu B, RSV B, Rhinovirus A, RSV A, and coronavirus 
(OC43) in RV1B. 

Total 27 168 195

Seeplex
Total

(+) (-)

IFA 
(+) PIV 3 4 1 5
(-) PIV 3 1 189 190

Total 5 190 195

Total 12 183 195

Seeplex
Total

(+) (-)

IFA 
(+) PIV 2 1 0 1
(-) PIV 2 0 194 194

Total 1 194 195

g
Seeplex and IFA on the detection of respiratory viral agents 

Virus Agreement over chance index
PIV 2 1.00
Flu A 0.89
RSV 0.88
Flu B 0.87
PIV 3 0.79

Flu A Flu B PIV1

g g
Positive cells exhibit an apple green color under fluorescence microscope.

An acute viral respiratory disease can be caused by several 
respiratory viruses leading to need of tools that can diagnose 

lti l t i lt l d t th ti i

PIV 1 0.72
Adenovirus 0.56

Index value between 0.9-1.0 indicates real agreement between two assays
AdenovirusPIV3 RSV

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

RV1A 
primer set

RV1B 
primer 

set

R
V1

A

10
0 

bp

R
V1

B

Conclusions

multiple agents simultaneously, and at the same time, require 
small amount of respiratory specimens. Seeplex should be 
superior to IFA in term of number of agents it can diagnose; 
and it is also less subjective and requires less experience to 
run multiplex PCR.  However, accuracy of Seeplex has never 
been demonstrated.   

This study was supported by Thailand Research Fund for Senior Research Scholar, Mahidol University Research Grant, and South East Asia Infectious Disease Clinical 
Research Network (SEAICRN)
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Human Influenza Virus-Specific T Cells Mediated Cross Reactive 
Immune Response to Nucleoprotein (NP) Derived from 

Avian Influenza H5N1 Virus
Pirom Noisumdaeng1, Thaneeya Duangchinda2, Juthathip Mongkolsapaya2, Susan Assanasen3, Suda Louisirirotchanakul1, 

Prasert Auewarakul1, Phisanu Pooruk1, Hatairat Lerdsamran1 and Pilaipan Puthavathana1

1Department of Microbiology; 2Medical Molecular Biology Unit, Office for Research; and 3Department of Medicine, 
Faculty of Medicine Siriraj Hospital, Mahidol University, 2 Prannok Rd., Bangkok-noi, Bangkok 10700, THAILAND.

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 
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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
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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-
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.

>gi|54610028|gb|AAV35112.1| nucleocapsid protein [Influenza A virus (A/Thailand/1(KAN-1)/2004(H5N1))]

MASQGTKRSYEQMETGGERQNATEIRASVGRMVSGIGRFYIQMCTELKLSDYEGRLIQNSITIERMVLSA
FDERRNRYLEEHPSAGKDPKKTGGPIYRRRDGKWVRELILYDKEEIRRIWRQANNGEDATAGLTHLMIWH
SNLNDATYQRTRALVRTGMDPRMCSLMQGSTLPRRSGAAGAAVKGVGTMVMELIRMIKRGINDRNFWRGE
NGRRTRIAYERMCNILKGKFQTAAQRAMMDQVRESRNPGNAEIEDLIFLARSALILRGSVAHKSCLPACV
YGLAVASGYDFEREGYSLVGIDPFRLLQNSQVFSLIRPNENPAHKSQLVWMACHSAAFEDLRVSSFIRGT
RVVPRGQLSTRGVQIASNENMEAMDSNTLELRSRYWAIRTRSGGNTNQQRASAGQISVQPTFSVQRNLPF
ERATIMAAFTGNTEGRTSDMRTEIIRMMESARPEDVSFQGRGVFELSDEKATNPIVPSFDMNNEGSYFFG
DNAEEYDN

Nucleoprotein H5N1 peptide pools

Pool A1 A2 A3 A4 A5 A6 A7

A)

B) C)

Fig. 3 Peptide recognition and frequency of responsiveness, NP221-240 
(RMCNILKGKFQTAAQRAMMD) denotes NP5-12, NP418-498 (MNNEGSYFFGDNAEEYDN) 
denotes NP5-25, NP111-130 (YDKEEIRRIWRQANNGEDAT) denotes NP5-31, and NP311-380
(QVFSLIRPNENPAHKSQLVW) denotes NP5-41 in the 2 dimentional matrix system (A); 
magnitudes of ELISpot response in 13 responders (B).

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

0

20

0 1 2 3 4 5

NP peptide
NP221-240 NP481-498 NP111-130 NP311-380

B1 NP5-1 NP5-2 NP5-3 NP5-4 NP5-5 NP5-6 NP5-7

B2 NP5-8 NP5-9 NP5-10 NP5-11 NP5-12 NP5-13 NP5-14

B3 NP5-15 NP5-16 NP5-17 NP5-18 NP5-19 NP5-20 NP5-21

B4 NP5-22 NP5-23 NP5-24 NP5-25 NP5-26 NP5-27 NP5-28

B5 NP5-29 NP5-30 NP5-31 NP5-32 NP5-33 NP5-34 NP5-35

B6 NP5-36 NP5-37 NP5-38 NP5-39 NP5-40 NP5-41 NP5-42

B7 NP5-43 NP5-44 NP5-45 NP5-46 NP5-47 NP5-48 NP5-49

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).

10 amino acid overlapping 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

21 22 23 24 25 26 27 28 29 3031 32 33 34 35 36 37 38 3940

21 22 23 24 25 26 27 28 29 3031 32 33 34 35 36 37 38 39 40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Peptide No.1

Peptide No.2

Peptide No.3

1(Met) 498(Asn)

) )

Results:
All 30 subjects had no antibody to H5N1 virus as tested by microNT assay.  However, 13 

(43%) bj hibi d i ifi T ll b ELIS Al h h
Table 1.  Frequency of NP peptides recognition by CD4+ or CD8+ T cells from 13 responders

control. 

IFN-

C
D

4+
or

 C
D

8+

(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- 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).

Pool A6 Pool B6
#T001

NP5-25

Conclusions:
Healthy individuals who had never been infected with H5N1 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 

Responders
NP peptide recognized by T cells

NP5-12(NP 221-240)    NP5-25(NP 481-498)    NP5-31(NP 111-130)      NP5-41(NP 311-330)   

CD4+ T cells CD8+ T cells CD4+ T cells CD8+ T cells CD4+ T cells CD8+ T cells CD4+ T cells CD8+ T cells

Healthy (n=9) 2 - 3 1 3 - 2 -

Convalescent  
FluA patients 

(n=4)
2 - - - 2 - 1 -

A) B)

Neg. control

NP5-27

NP5-39

NP5-41

Negative control

PHA

g pp g p p
identified. Our study may be useful in the vaccine design and understanding of natural T 
cell immunity. 

Fig. 2  ELISpot assay in a healthy subject shows spots 
of IFN- secreting cells after stimulating with pooled 
peptides (A); and with individual peptide in a 
confirmatory assay (B). 
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Electron micrographs of H5N1 virus 
and its replication in MDCK cells
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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

1Departments of Microbiology and 2Pathology; 5Siriraj Influenza Cooperative Research Center (ICRC), 
Faculty of Medicine Siriraj Hospital and 3Faculty of Veterinary Science, Mahidol University, Bangkok, Thailand; 

4Department of Infectious Diseases, St. Jude Children’s Research Hospital, Tennessee, USA.
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A/Thailand/1(KAN-1)/04 (H5N1) (200,000X)
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A/Chicken/Thailand/ICRC-VS195/2008 (150,000X)
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B

A/Thailand/1(KAN-1)/04 (H5N1) (200,000X)

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

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 C];
2) LPAI of A/Duck/Jiangxi/6151/03 (H5N3) [D]; human 

E

A/New Caledonia/20/99(H1N1) (200,000X) A/Fujian/411/02 (H3N2) (200,000X)

FD

A/Duck/Jiangxi/6151/2003 (H5N3) (150,000X)

LPAI virus subtypes H1N1, H3N2, H5N3 and H7N1; and 2
human isolates of H1N1 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

influenza A/New Caledonia/20/99 (H1N1) [E] and 
A/Fujian/411/02 (H3N2) [F] strains. 

CA B

D E F             

100,000X, bar = 1 μm8,000X, bar = 2 μm 300,000X, bar = 50 nm

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 80-120 nm), rod (length 121-300 nm) and 
filamentous (length >300 nm) (Fig. 1). Regarding virus 
replication in MDCK cells we demonstrated ultrastructure of C l i El t i h f i fl

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]. 

300,000X, bar = 50 nm 100,000X, bar = 100 nm                          200,000X, bar = 50 nm

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). 

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
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budding from the cell surface. Our finding was not 
different from what had been previously reported 
with human viruses.  
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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 (NAI) assay
together with nucleotide sequence analysis for amino acid substitution in NA gene to determine sensitivity of influenza A and B viruses to

Tawee Chotpitayasunondh5, Kulkanya Chokephaibulkit6, Pilaipan Puthavathana1
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Test viruses:
38 influenza virus isolates from 2007-2009 

• 8 pandemic influenza A/H1N1 isolates
• 6 human influenza A/H1N1 isolates
• 15 human influenza A/H3N2 isolates

g q y g y
oseltamivir and zanamivir.

Materials and Methods Results
Table. Drug sensitivity and NA molecular marker of influenza A/H1N1, A/H3N2,   

pandemic influenza A/H1N1/2009 and influenza B viruses

Viruses
IC50

 values (nM) Resistant markers

Oseltamivir Zanamivir
Oseltamivir Zanamivir

E119V D198N H274Y R292K E119G/A/D R152K R292K
Reference viruses

• 9 influenza B isolates
Reference viruses:

• A/Mississippi/03/01(H1N1)wild type-274H and
its resistant mutant-274Y

• A/Fukui/20/04 (H3N2) wild type  (119E)
• A/Fukui/45/04 (H3N2) mutant (119V)

MUNANA b d NAI NA i

Reference viruses
A/Mississippi/03/01(H1N1) wildtype-274H 1.53 1.18 H
A/Mississippi/03/01(H1N1) mutant-274Y 591.66 2.26 Y
A/Fukui/20/04(H3N2) wildtype-119E 0.31 0.67 E E
A/Fukui/45/04(H3N2) mutant-119V 72.63 5.74 V V
H1N1 viruses (N=6)
3043 875.25 3.89 E D Y R E R R
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 2.33 E D Y R E R R
3619  646.77 1.02 E D Y R E R R

Range  1.27- 875.25 1.02-3.89
Median 488.04 2.24MUNANA-based NAI assay      NA gene sequencing Median 488.04 2.24
Mean 416.92 2.41

H3N2 viruses (N=15) E D H R E R R
Range 0.29-1.04 0.25-2.64

for all isolatesMedian 0.5 0.62
Mean 0.54 1.05

Pandemic H1N1 viruses (N=8)

Not doneRange 0.5-1.43 0.27-1.03
Median 1.08 0.69
Mean 1.10 0.68

Influenza B viruses (N=9)

Not doneRange 10.97- 45.83 5.26-23.34
Median 23.93 6.58
Mean 25.24 10.87

• Both seasonal and pandemic influenza A/H1N1 together with A/H3N2 isolates
were zanamivir sensitive.

• All pandemic A/H1N1 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
lt i i i t t ioseltamivir resistant viruses

ConclusionAcknowledgements

Oseltamivir resistant seasonal H1N1 virus is a growing problem worldwide.
Nevertheless, influenza B viruses should be closely monitored for emerging of
neuraminidase inhibitor resistance as it has been shown to require higher dose for
the disease treatment.

Rojanasang P.

This study was supported by the Thailand Research
Fund for Senior Research Scholar, and the South East
Asia Infectious Disease Clinical Research Network.
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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

Introduction
Table 1. Serodiagnosis of pandemic  influenza 2009

Patient No.
cases

Number with  a 4-folded rise in antibody titer

MicroNT HI

Adult 28 3 6
annually. In contrary, microneutralization (microNT) assay is
recommended for detection of antibody to H5N1 and pandemic
influenza A (H1N1) 2009 viruses. The present study applied
those two assays to determine the cut-off titer for diagnosis of
the pandemic influenza A(H1N1) 2009.

A total of 37 patients (9 children and 28 adults) who were
diagnosed pandemic influenza A(H1N1) 2009 by RT-PCR,
were enrolled. There were 18 subjects whose first blood

Material and Method

Adult 28 3 6
Children 9 5 4

Total 37 8 (21.6%) 10 (27.0%)

320

400

480

560

640

720

800

880

960

1040

1120

1200

1280

N
T 

tit
er

800
960

1120
1280
1440
1600
1760
1920
2080
2240
2400
2560

H
I t

ite
r

A A

+

e e e o ed. e e e e 8 subjects ose st b ood
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 (H1N1) as the
test virus.
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Table 2.  Cut-off titers for disease diagnosis

Criteria Percentages 
of sensitivity

MicroNT titer  > 320 91.9

Cytopathic effect with
viral protein synthesis

+ +

No cytopathic effect 
No viral protein synthesis

Principle of HI assay

0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46

Days after onset

0
160

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46

Days after onset

Fig.1 Antibody response in paired blood from adult (A), and      
pediatric cases (B)

Result:

Previous seasonal H1N1 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

Conclusion:

HI titer  > 40  97.3

MicroNT titer  > 320 and HI titer  > 40 89.2
+

hemagglutination

no hemagglutination

+
+  RBC

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).

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.

Acknowledgement: This study is supported by the Thailand Research Fund for
Senior Research Scholar and the South East Asia Infectious Disease Clinical
Research Network (SEAICRN), Thailand.
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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 thensegments present in each type of specimen were compared. The results, then,
can guide clinicians in making choice of clinical samples for the H1N1 2009
diagnosis.

Materials and methods: A total of 12 patients: 2 adults and 10 pediatric cases,
with severe pneumonia caused by pandemic influenza A (H1N1) 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

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 1.54×108 (range 6.54×105 8.10×108)
copies/ml of VTM; and it was 6.53×107 (range 5.62×102 4.93×108) copies/ml for NS

Fig. 1 Sequence alignment of primers/probe set against M gene of influenza A (H1N1)
2009 viruses

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).

and 1.05×106 (range 0 7.38×106) copies/ml for TS (Table 2). Examples of real time

RT PCR results are shown in Fig.3.

Preparation of standardM RNA transcripts
from influenza A virus (H1N1) 2009 genome

RT PCR amplification ofM genomic segments Specimens

Number of subjects
Number of positive cases

NPA NS TS

12 12 (100%) 12 (100%) 9 (75%)

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

Virus Statistics NPA NS TS
H1N1/2009 Mean 1.54×108 6.53×107 1.05×106

Median 4.02×107 8.49×106 7.56×104

Range 6.54×105 8.10×108 5.62×102 4.93×108 0 7.38×106

Table 2Mean, median and range of copy numbers of viral load in each kind of sample
RT PCR amplification ofM genomic segments

Cloning of amplifiedM gene products into
pGEMT Easy plasmid

In vitro transcription ofM segment
by RNA polymerase

M RNA standard

p
(NPA, NS, TS)

Total RNA extraction

Real time RT PCR amplification Real time RT PCR amplificationReal time RT PCR amplification

C(t) values

Calculation for viral copy numbers
b d RNA t d d

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 (H1N1) 2009 virus , and followed

in order by NS and TS.

based on RNA standard curve

Viral copy numbers
in sample

R2 = 0.996

Acknowledgement: This study is supported by Thailand Research Fund for

Senior Research Scholar. We thank South East Asia Infectious Disease Clinical

Research Network (SEAICRN), Thailand for providing clinical specimens.

Fig. 2 A schematic diagram of quantitative
real time RT PCR for influenza viral
load
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Background:
Thailand has been affected by several waves of H5N1 HPAI outbreaks 
since 2004.  AI 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, AI 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 AI 
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 Themicroneutralization 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.  

Provinces No. of positive/ no. of 
chickens

Seropositive
(%)

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

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 HPAI H5N1 virus 
might has become an endogenous pathogen of Thailand.
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Background: Highly pathogenic avian influenza 
(HPAI) H5N1 virus had been documented for its 
infectivity in several kinds of mammals including tigers 

d d ti d d t hi h th t

Results:  Totally, serum samples from 157 dogs and 42 
cats were tested.  H5N1 NT antibody was detected in 25 
(15.9%) dogs and 2 (4.7%) cats.  Highest prevalence was 
f d i i l f Phit l k i d f ll dand 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 
the infection in wild birds and mammal species.   
Thus, there is a possibility that dogs and cats, 
especially those living in H5N1 repeated outbreak 
areas or suspected outbreak areas where abnormal 
death of poultry were found have high risk of

Animal Provinces No. of positive/ 
no. of animals

Seropositive
(%)

Nakhonsawan 0/1 0
Kamphaeng Phet 0/2 0
Uttaradit 0/3 0

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 
and cats

death of poultry were found, have high risk of
exposure to H5N1 virus from eating the infected 
animal carcasses or closed contact with the infected 
animals. To demonstrate this, we performed 
serological surveillance in dogs and cats living in 5 
provinces where H5N1 HPAI outbreaks or suspected 
outbreaks were found, by using microneutralization 
(microNT) assay. 

M t i l d th d Thi t d i d t

Uttaradit 0/3 0
Dog Phichit 1/3 33.33

Phitsanulok 8/17 47.06
Sukhothai 16/131 12.21

Total 25/157 15.92
Nakhonsawan 0/0 0
Kamphaeng Phet 0/1 0
Uttaradit 0/3 0

Cat Phichit 0/5 0
Phitsanulok 2/5 40

Materials and methods: This study was carried out
during January 2007 to August 2009 in dogs and cats 
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

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. 

Sukhothai 0/28 0
Total 2/42 4.76

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.
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Satellite Telemetry Reveals Migratory Routes of Brown-headed 
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BackgroundBackground

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.

Methods 

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.

Results 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 

transmitters.

y y g
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. 

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

Figure 2 : Migratory route of a Brown headed-gull during 

March – December 2008.

infected asymptomatically and the infected gulls can migrate that far. Then, role of this species in the spread of H5N1
virus can be concluded. 

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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Introduction: 
Two neuraminidase inhibitors (NAI), oseltamivir and zanamivir, have been used for 

treatment and prophylaxis of influenza A and B viruses.  At present, almost 100% of seasonal 
influenza H1N1 viruses are resistant to oseltamivir owing to mutational 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 
immunocompetent or immunocompromised patients treated with oseltamivir.  Our study 
conducted a surveillance of oseltamivir and zanamivir resistant seasonal H1N1 viruses 

l t i B k k d l f Th il d b t 2006 d 2009 b i th

Fig 4. Chromatogram of N1 gene of mutant show changing of amino acid position  
at position 274

NA subtype
NA mutation positions (N2 numbering)

Oseltamivir Zanamivir

Table 1. Mutation positions indicating NA inhibitor resistance

prevalent in Bangkok and rural area of Thailand between 2006 and 2009 by using the
fluorometric based NA inhibition assay as well as nucleotide sequencing for mutational 
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 isolates and  41 respiratory samples. 
Neuraminidase (NA) inhibition assay using MUNANA substrate was used to determine 

50% inhibitory concentration (IC50) of the virus isolates

Oseltamivir Zanamivir
A/H1N1 H274Y, N294S Q136K
A/H3N2 E119V, D151E, I222V , R224K

, R292K, N294S, 
R371K , E276D

E119A/D/G , R224K , R292K, 
R371K ,  E276D

B E119A/D/G/V , R152K, 
D198N,  R292K

E119A/D/G , R152K, D198N, 
R292K

Result:
All 22 influenza isolates investigated in 2006 and 2007 were drug  susceptible  

with  mean IC50 of 0.93 and 1.40 nM, respectively for oseltamivir.    
Direct nucleotide sequencing of PCR products derived from amplification of  N genomic 

segments  present in clinical samples  was performed. The nucleotide sequences were 
analyzed for amino acid mutation position indicating of drug resistance.  

Fig 1. Standard curve of 4-methylumbelliferone:
The MU solution was serially two fold diluted (4 to 

10-6 mM), then the RFU (relative fluorescence unit) 
values   obtained were   plotted against MU 
concentrations to generate a standard curve. 
Therefore, the amount of viruses that yielded RFU 
value between 20,000 and 40,000 was selected as the

Standard curve of MU
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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.

All of the 28 isolates tested were zanamivir sensitive, i.e.,   mean IC50 of   0.42 to 
4.89 nM; and no mutational change indicating zanamivir resistance 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 mutational change indicating zanamivir 

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.

Fig 2. NA activity assay of  SI-255 and U184/49 

0.00

10000.00

Concentration of MU in mM  

R

resistance was observed in all clinical samples tested.

Year Number tested
Mean, median and  range of IC50 in nM

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) 2.19, 2.13, (1.45-3.30)
2009 1 709.05 4.89

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

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

virus isolates.  These  two viruses will be used at 
the dilutions of 1: 8 and 1: 4, respectively in the NA 
inhibition assay 

Fig 3. NA inhibition assay of U184/49 and SI-255 

Year Number tested
Amino acid positions on NA gene (N2 numbering)

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 resistant seasonal influenza H1N1 virus between 2006 and 2007; meanwhile the 
high percentages of drug resistance have been discovered   in 2008 and 2009.g y

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) 

Regarding zanamivir phenotypic-based sensitivity assay,   all of the viruses 
tested were drug sensitive.   Additionally, mutation indicating zanamivir resistant was 
not found in all clinical samples investigated.    Nevertheless, it is interesting 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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Susceptibility of influenza A viruses to neuraminidase inhibitors 
as determined by phenotypic and genotypic-based assays

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 NAI 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

Introduction
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detection of oseltamivir and zanamivir resistant influenza viruses.

Phenotypic based assays

Virus + NA inhibitor

Add to MDCK monolayer

37C 1 hr

MUNANA-based NAI assay                                                      Plaque reduction assay

37C, 1 hr
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Results

37C, 1 hr

Wash out

Add agarose gel with various 
concentration of NA inhibitor 

37C, 48 hr

Stain with crystal violet and determine for IC50
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A/Mississippi/3/01(H1N1) wt 274H A/Fukui/20/04(H3N2) wt 119E 

A/Mississippi/3/01(H1N1) mutant 274Y A/Fukui/45/04(H3N2) mutant 119V 

Results

Viruses
Oseltamivir carboxylate Zanamivir

MUNANA-NAI 
assay (nM) 

Plaque reduction  

assay (μM)
NP reduction 
assay (μM) 

MUNANA-NAI 
assay (nM) 

Plaque reduction  

assay (μM)
NP reduction 
assay (μM) 

Reference strains
A/Mississippi/03/01(H1N1) wt (274H) 1.799 0.27 0.050 1.28 0.50 0.11

A/Mississippi/03/01(H1N1) mutant (274Y) 477.76 43.64 131.12 1.24 0.52 0.331

Seasonal viruses
A/Brisbrane/59/07(H1N1)-like SEA_3043 875.25 104.44 781.49 3.89 0.39 1.659
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

Virus + NA inhibitor

Add to MDCK monolayer
37C, 1 hr

Wash out

37C, 1 hr

Nucleoprotein reduction assay

A/Brisbrane/10/07(H3N2) like SEA_3613 0.85 0.055 0.166 1.82 0.50 1.331

2009 H1N1 virus

A/Thailand/104/09(H1N1) 1.02 0.39 1.94 0.60 1.52 4.671

H5N1 viruses

A/Thailand/1(KAN-1)/04 0.15 1.084 5.68 1.82 14.32 50.282

A/Thailand/3(SP-83)/04 0.19 0.003 0.008 1.02 0.017 0.231

A/Thailand/5(KK-494)/04 0.26 0.031 0.223 2.21 0.885 0.186

A/Thailand/676(NYK)/05 0.17 0.035 0.012 3.12 0.479 0.932

A/Laos/Nong Khai 1/07 8.05 0.528 3.165 1.13 1.104 3.163

A/Thailand/276(NBL)/06 0.86 0.006 0.004 2.04 0.009 0.053
A/Tiger/Thailand/BF154/04 0.13 0.238 0.4395 0.40 0.042 0.099

A/Golden Pheasant/Thailand/BF2743/05 0.18 No plaque formation >800 0.24 No plaque formation >800

Add media with various 
concentration of NA inhibitor 

37C, 24 hr

ELISA based nucleoprotein assay and 
determine IC50
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ConclusionAcknowledgements
There is no amino acid substitution indicating drug resistance was detected

in N gene among all of the study isolates. However, based on phenotypic assays,
few resistant mutants were detected by infectivity reduction assays but not NAI
assay. Our result suggested the novel mutational change that might confer the
resistance to NA inhibitors.
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A/Clouded Leopard/Thailand/VSKU-6/04 0.14 0.003 3.266 0.16 0.038 1.982
A/chicken/Thailand/VS143/07 1.88 0.002 0.007 7.68 0.013 0.14

A/chicken/Thailand/VS195/07 0.53 No plaque formation 560.73 4.9 No plaque formation 259.45

0
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NA inhibitor conc ( M)

%

             800             50            3.125         0.195         0.012       0.0008       0.0002    
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             800             50              3.125          0.195          0.012          0.0008        

































Influenza A virus infection and induction of cytokines and chemokines in
human umbilical vein endothelial cells
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Infection of human endothelial cells may be an explanation for influenza virus dissemination beyond the
respiratory tract. Herein, seasonal influenza A(H1N1) and A(H3N2), and H5N1 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
expressed viral nucleoprotein as determined by immunofluorescence assay (IFA). Supernatants from the infected
cultures were collected at intervals and titrated for virus titers in MDCK cells as well as assayed for
cytokine/chemokine production by ELISA. The result showed that most of H5N1 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 and IL 1 could not be detected at
all. Interestingly, H5N1 HPAI dramatically induced IP 10 production; while H3N2 viruses induced very low level and
seasonal H1N1 viruses could not. Our study suggested that an ability to infect and induce cytokine/chemokine
production in HUVECs may contribute to mechanism of virulence of H5N1 HPAI viruses in humans.

Materials and methods

Harvest culture supernatants at 1, 3, 5 and 7 dpi.

Infected cells

Immunoflorescence
(IF) assay

Titration of virus
progenies in MDCK

cells

ELISA (R&D) for
cytokine/chemokine

(TNF , IL 1 , IL 8 and IP 10)

HUVECs + virus (0.005TCID50/cell)

Result
Virus infection in HUVECs

Cytokine and chemokine production

This study was supported by Thailand Research Fund for Senior Research Scholar and Mahidol University Research
Grant.
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Supernatants

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,H5N1 HPAI virus is the most virulent
influenza subtypes ever reported in human infections. A virulent factor of H5N1 HPAI virus is its ability to disseminate
beyond the respiratory tract to distal organs and cause multi organ failure in most of the patients. Moreover,
pneumonia hemorrhage was the common pathological finding in HPAI. Hemorrhage and edema are the
characteristics suggestive of activation or infection of the endothelial cells which consequently lead to loss of tight
junction constituents and vascular hyper permeability, and probably virus dissemination in the body. The present
study explored mechanism of pathogenesis involving influenza A virus dissemination through investigation on their
ability to infect, replicate and induce cytokine and chemokine production in primary endothelial cells derived from
pooled HUVECs.

All influenza A subtypes could produce CPE in HUVEC cultures. Nevertheless, CPE produced by H5N1 isolates
could be recognized as early as 1 day post infection (Fig.1). The viral antigen was found in nucleus and/or cytoplasm
of the infected HUVECs as shown by IFA (Fig.2). Successful productive infection of influenza virus in HUVECs was
demonstrated by the release of viral progenies in the culture supernatants collected at 1, 3, 5 and 7 dpi. Among 9
H5N1 isolates, KAN 1, Nong Khai 1 and NBL 1 (feces) viruses replicated efficiently and yielded high virus titers; SP 33,
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 H1N1 viruses investigated poorly replicated in HUVECs
(Fig.3).

Uninfected HUVECs A/Thailand/1(KAN 1)/2004 A/Fujian/411/2002(H3N2)
like virus

A/New Caledonia/20/99 (H1N1)
like virus

Fig.1 Cytopathic characteristics of HUVECs infected with influenza virus

Uninfected HUVECs A/Thailand/1(KAN 1)/2004 A/Fujian/411/2002(H3N2)
like virus

A/New Caledonia/20/99 (H1N1)
like virus

Fig.2 Influenza nucleocapsid antigen in nucleus and/or cytoplasm of the infected HUVECs
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H5N1 HPAI viruses

All influenza viruses investigated could induce IL 8 in the infected HUVECs as assayed in the culture supernatants
collected at different dpi., while none of them induce TNF and IL 1 . Interestingly, H5N1 HPAI viruses was the only
subtype that could induce IP 10 production (Fig.4).
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Seasonal H1N1 and H3N2 viruses

Fig.3 Titers of influenza viruses in supernatants of the infected HUVEC cultures

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

H5N1 HPAI, seasonal H1N1 and H3N2 viruses could elicit productive infection in
HUVECs; and highest efficiency of replication was noted with H5N1 HPAI viruses. IL 8
could be detected in supernatants of HUVEC cultures infected with all influenza
subtypes; while TNF and IL 1 could not be detected at all. Moreover, IP 10 induction
was typical for H5N1 viruses. Our study suggests that direct cellular damage and
induction of high level of IP 10 in the infected HUVECs may contribute to mechanism of
pathogenesis in severe H5N1 HPAI patients.

Conclusion

Introduction

Abstract

Objectives

Day 1

Day 3

Day 5

Day 7

• To explore the ability of 15 influenza virus isolates including 9 H5N1 HPAI, 3 seasonal H1N1 and 3 H3N2 viruses to
infect HUVECs. Kinetics of their replication was also determined at 1, 3, 5 and 7 days post infection (dpi.).
•To study the kinetics of cytokine and chemokine (TNF ,IL 1 , IL 8 and IP 10) release in supernatants of the infected
HUVEC cultures
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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 H5N1 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.

Abstract

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

Virus subtype Virus name

Number of 
glycosylation sites 

on
HA NA

H1N1

H1N1 pdm

H3N2

H5N1

PR8-H5HA
PR8-HN

A/PR/8/34
A/New Caledonia/20/99-like virus 
A/Brisbane/59/07-like virus  
A/Thailand/104/09 
A/Nonthaburi/102/09
A/California/07/09
A/Sydney/05/97-like virus
A/Moscow/10/99-like virus 
A/Fujian/411/02-like virus No.1
A/Fujian/411/02-like virus No.2
A/Thailand/1(KAN-1)/04
A/Thailand/5(KK-494)/04
A/Thailand/676(NYK)/05
A/Thailand/NBL-1/06
A/Laos/Nong Khai 1/07 
rgPR8 H5HA (KAN-1)
rgPR8 H5HN (KAN-1)

7
10
10
8
8
8
11
11
12
12
8
8
8
8
8
8
8

4
9
9
8
8
8
-
9
-
-
3
3
4
3
4
4
3

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.

Introduction

Results

Conclusion
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 H5N1 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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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).

B

C D

Table 2 Numbers of glycosylation site on HA and NA 
of the study viruses

A

Virus 
subtype

Virus name
% of  NP produced in presence of
Native 
serum

Heat 
inactivated 

serum

RDE treated 
plus heat 

inactivated 
serum

H1N1

H1N1 pdm

H3N2

H5N1

PR8-H5HA
PR8-H5HN

Reassorted A/PR/8/34
A/New Caledonia/20/99-like virus 
A/Brisbane/59/07-like virus  
A/Thailand/104/09 
A/Nonthaburi/102/09
A/California/07/09
A/Sydney/05/97-like virus
A/Moscow/10/99-like virus 
A/ Fujian/411/02-like virus No.1
A/Fujian/411/02-like virus No.2
A/Thailand/1(KAN-1)/04
A/Thailand/5(KK-494)/04
A/Thailand/676(NYK)/05
A/Thailand/NBL-1/06 feces
A/Thailand/NBL-1/06 lung
A/Laos/Nong Khai 1/07 
rgPR8 H5HA (KAN-1)
rgPR8 H5HN (KAN-1)

50.1
79.1
69.3
65.8
16.4
11.3
19.2

0
3.1
3.8

92.2
89.2
94

96.5
97.8
99.2
97.7
93.3

96.8
86.8
85.1
85

19.4
25.5
95.3
79.7
77.8
51.2

-
-
-
-
-
-

98.2
94.6

96.6
98.8
88.3
94.7
58.4
91.9
100
100
88
97
-
-
-
-
-
-

97.8
94.5

Table 1. Viral NP production in MDCK infected cells

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

Objective
• 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

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

*
*



Serological response to the 2009 influenza A (H1N1) virus strains 
derived from different epidemic waves in Thailand

Nathamon Ngaosuwankul1, Sopon Iamsirithaworn2, Anek Mungaomklang2, Rungnapa Bunruang1, Phisanu Pooruk1, 
Kulkanya Chokephaibulkit3, Prasert Auewarakul1 and Pilaipan Puthavathana1

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 (H1N1) 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.

Results
The test sera harbored various HI 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.

Conclusion
This study demonstrated significant antigenic change of H1N1pdm 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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Objectives
- To determine GMT of antibody in serum samples collected during the first epidemic wave against the
2009 pandemic A (H1N1) (H1N1pdm) viruses derived from the three epidemic waves by hemagglutination
inhibition (HI) assay
- To characterize HA gene of the viruses derived from the three epidemics

Virus
Month at 
specimen 
collection

Epidemic 
wave No.

Place of origin
Passage 
history

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

1Department of Microbiology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand 
2Bureau of Epidemiology, Department of Disease Control, Ministry of Public Health, Nonthaburi 11000, Thailand

3Department of Pediatrics, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand

Table 1. History of virus isolates  used in this study

Virus
No. of subjects with HI antibody titer of

GMT
<10 10 20 40 80 160 320 640 1280

A/Thailand/104/2009 11 8 6 26 34 16 3 1 - 46.9

A/Thailand/ICRC_CBI_10/2009 13 8 15 19 27 15 5 2 1 44.2

A/Thailand/SEA 34002/2010 11 6 6 24 25 25 6 2 - 55.6

A/Thailand/SEA 34004/2010 10 5 11 26 29 15 7 2 - 51.1

A/Thailand/ICRC_BKK_1/2010 18 11 24 32 16 3 1 - - 28.6

A/Thailand/ICRC_NSN_1/2010 22 12 21 29 14 6 1 - - 23.3

Table 2. HI antibody titers against the test viruses

Figure 2. GMT of HI antibodies against each of the six
test viruses. * represents statistic different with p < 0.05. Figure 3. Phylogenetic tree based on HA gene nucleotide sequences

Figure 1. Hemagglutination inhibition (HI) assay

Serum treatment
serum + RDE at the ratio of 1:3

37 C, 16-18 h and 56 C, 30 min

+ normal saline

4 C, 1 h

Centrifuge at 1,500 rpm, 10 min

Supernatant of treated serum at working dilution 1:10
Serum, RDE, NSS and 50% RBC are used at the ratio of 1 : 3 : 5 : 1

+ goose red blood cells

Abstract
Up to the end of 2010, Thailand has encountered 3 epidemic waves of the 2009 pandemic influenza A
(H1N1) 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 H1N1 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.

HI assay
25 μL of 10-fold diluted serum + 25 μL of test virus (4 HA units/25 μL)

RT, 30 min

+ 50 μL of 0.5% goose red blood cells

4 C, 30 min

Read HI antibody titer as a reciprocal of the last serum dilution that
completely inhibits agglutination of RBCs

 CA/07 seed E4 HA

 Thai/104 MD5 HA

 NA MD5 HA

 34-002 MD5 HA

 34-004 MD4 HA

 CT MD5 HA

 JR MD6 HA

71

68

22

0.001

A/Thailand/ICRC_CBI_10/2009

A/Thailand/104/2009

A/Thailand/ICRC_BKK_1/2010

A/Thailand/ICRC_NSN_1/2010

A/Thailand/SEA 34002/2010 

A/Thailand/SEA 34004/2010 

71

68

0.001

A/California/07/2009

22

46.9 44.2
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