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(Hemagglutination Inhibition) Test

The study of the change in antibody response to
influenza A HIN1 2009 in people with ILI (Influenza-
like-illness), normal people and healthcareworkers in

Thailand using HI (Hemagglutination Inhibition) Test.
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Abstract

This study was aimed to determine the antibody titers in human
pandemic influenza (HIN1) among patients with respiratory tract diseases and
healthcare personnel in Chumphae district, Khon Kaen province, Thailand by
using hemagglutination inhibition (HI) assay. Forty-five paired serum samples
of ILI patients with either positive or negative RT-PCR results were subjected to
hemagglutination inhibition (HI) test to evaluate the antibody titers against
human pandemic influenza (H1IN1).The result show that most serum samples
of ILI patients with positive pandemic H1IN1 virus displayed at least four-fold
antibody increase of Hl titers against pandemic influenza (HIN1). Moreover, HI
assay was performed to detect the antibody titers against pandemic influenza
in medical personnel and general populations. The HI titer after the first
outbreak showed that 123 of 255 (48.24%) sera collected from medical
personnel contained specific antibodies (HI titers > 40) whereas 109 of 307
(35.50%) sera obtained from general population were positive for specific
antibodies against pandemic influenza. After second and third wave 89 of 397
(22.4%) and 94 of 366 (25.7%) had positive HI antibody titers. In addition, to
determine cross-reactivity with human seasonal HIN1 influenza, viral antigen
from the seasonal HIN1 was used to detect antibody against seasonal HIN1
influenza and all sera showed negative results. We also studied the single sera
samples from the high risk medical personals collected before and after the
pandemic influenza outbreaks for antibodies against seasonal H3 influenza
virus infection. The results showed lack of cross-reactivity to the human
pandemic influenza virus. In conclusion, HI antibody testing to pandemic
influenza can be used for the diagnosis, preventive and control measures of
potential outbreaks. B



UMY

Panatvheuiiuan wa. 2552 ffialsamaduuialaiaiuduauunniidsainaAningin

wazifiaiainisteauan  auiliddiheduauniadedin - Tsadanatnliszunadulnelinsu
ul/ < s J v v ar a k7 &

anupaunsEianaaiRe ey 2552 sadananlfidingussimaauizening wudlhedin 2 s
npeulsintanaizaaneiio? (Fuh 15 uay 17 wwien) teadlulindnlugjainnisasmalaFasian
n1s0ansiaWRgNITH (21 e 2552) wudnilulivdalugjaeiuiiafialivdalug luny uas
Tdmewuluananney Aalafianuanlaiuimsussfioulilgulsamauingin wazwuinla¥adidflu
awpinulwdngln dulivialugjarevufideniu  Tsaldgnainednmaise  nszaneliin
anfauiiniuazuauinn lussezusnBunlivinlunidanaradrlindany (swine flu) sannilednm
Wnnldarusoudangwlidaaiusivreadelivinuajinainuy  esuswudiivugnsu
o P a P - [ Y 2 ' % - o < P
wie “@erns” manuyluadn  nsBanliudaugadignéies nsesdniseundalanisazi/deu

anlindany Whilivdadndiu vialivinlugeauBnuntiauwsmalssmasiuniialfeeies A9l

Waa “Mudnluegaraviuglud H1N1 2009

maaunwludaqiutulietngmni3a ‘lwﬁfmﬁﬁmﬁ:mmmimwudﬂmwmmﬁ”uq
Wen 1-2 e Emsdunidiintlssmaainidndindngu szinaineg uaneduan laaanwnziding
Uszmaanigeniini vinlilrad nananszantatemadaiundiazauanly Tsadanandldszunn
Tlunnigresanizeniing uawwian laafinsszuiallednemaii wazifundnfiazaouauly @
nassalilunnndy 200 Uszne wasiifrledlfunsfiudumaiaal §idnsnnnd 500,000
38 faepsanaandeuiluaieetuiueu INF1EN1TAPANIBdL RN s Hdad iR lunis
Mmsmmadtastlugasiisinsszuadluetnanniaudiazinisrugniuedading - Tealivia
uggmewuslvd 2000 WRdnguszmalng  Taewufrhemewnlulssmalne dedudl 12

v ke
@ Y =3

WEMAN 2552 wastusauiiunfinumeh 2-3-4 guilaudiaziinisacuaulsals seunftsng

diinmsszualulnBaunaiu waztiaduatenaizaaniararuanuazin G dadamlaah

U

ala

o Far by an : . . s
Bdeiindoulngilspdudonson anstiifiaeidedinuinndt 20 98 uasiftoptnugudniy
anewug duanndt 4,000 e (18 nsngaan 2552) sataaditlaeldifunismmatiuiy aztieandn

' PRy = Y a ' P S vy < R .
frlheRfinsAnidedieetinann wszluansifidnuacglunithedlu Influenza liked illness (ILI)
Hludwaunnuazlilfifunnsaitiade Tsatiazdiasunszszinaagsielyl Tneaniylurnsiilsa
Aatwlwsnindeu (eg 7-20 T ) dszinodbenas 80 TuawariesAtaianisnszanglilglsasnu
AnuNIU Feudn wazAadimsssinartanivgalfidrearsrunaliifusraratou aunun

. P Y 4 A A o Ve o o aa
gauvwtedtssmalne asfiflieduiiauiasiiadelsadind1n usiniegdnmnsndedin
3



wainsiuludingindeudnegeiisienar 6 MliidnsdiunssuunwagauaAar  Aeniwudndnsinag
odey b % o as v ltallil ld‘ I a
Redin Inesanmniayatetesdnisaniivlan Wrazetnsesay 0.4 usiilalszmadindlnesn
ar ey 1 ldﬂ.il d‘ b % 1 1 v a’ ]
fmsnn@eddminazegnienar  0.1-02  flagenisudolivhazusndanlininluginiun

as 3

ar < v b % ar ' ar 1 as b 4 o [ [ ] a
ganaunin - dgwadwinnndrldudalugjareiugludduldvdanoiauganialiuansneiu
anwnzensiiamisausneananiuld ean1siny wu W Usaifiesnuda 1uee win e
o & My o . = Ao A a oa = v P .
fityn wilindaluniauggnisiionnsisdudedion 1 u 4 feansfeadauazan@auion
¥ ) -2 -l 1 k% v = k7 A2
fiag/ls annasdnluBeauuwudremesfiead@ewulfiiies 1 9e bt 44 98 aanmadnm
ludninaaay Tu Ferret (Science Express online 2 July) Taeifin Erasmus University wudnlo¥a
Tudnlunjarewuglud HIN1 2009 Snmsiiadeliiadunaiulindalunginuggnia HINT el
Wagnendanmudowudn liudaluajareduglud 2009 Hnasialsrrsmaidumiala (raansu
peasen) wanndlindaluannggnia Tadonlunjaziiaduiidiuuu (twssayn) windy uansli
wind ldudnluaimuganisiilentadniaslunadumeladausdraua zainisunsndeuuinngn

wazmsinseguilaudtAnsenislesasesduararvazanndnisiiade lwlininluninuggnia

Tindalugiarewug midouluajannisdnseesgudidassyianizneinulafainen

P! 1

ARTIN QRINTRINMNAINENdE NnNan 300 s asduiudnlude 7-20 1 visananalddnlude

1 4
asr

TlssBauuazfaiuiilsadow  Jofliludefiudeusdeawunnludaraweniiqguiau  Fudieu
P = e 1 ¥ b % <l ) < Sy o o
nsngen warinisdfjiRedradindnaeinsineeansisuge instlalsaen UalseFaunomian
sauianmsugeanludumgaiiinasszunaduwnituanas uandirgdanaeuiintu (a1g 20-40
1) (U7 1) Tunaradeunsngian uazifuiihdsnneteBsaniiinisgagaun lunjrenindo

'
o =l

o = J ¥ 1 a 1 a a ar ar
Jadalyusndt  wudnalealdiszunaldednisanFalusnedandn  (@ainnsneiguun  Saudn

q

=b.

Ui wudringsrunalwinFeunmnnguyuuasinGauneiualy ann. ARnadinsouin

Aanssusangnn 1afinstlalsadauifimesrunaienequun dawdnaeuwiu Tuaiseuniays

fl
o

luaniauinagnilenianasfiesueulsmenia avagluaiglzunn 20 wazfdeTindaulun

=l al =] d” e 2 < - v ¥ 3:?’4 (4 =
aeflangadalszinm 40 1 leallgiBinsluggeeny waziinidndwylsliseisiid@ednggeangazil

g

ay v o - o . P \ aal
AUENUNTULATIITUI WU (LWT’]ﬂ'Jﬁ"s‘mLﬂf;l’ﬂg‘luMNuLuﬂﬂ’)’] 20 ﬂqﬂN’]u“qu@z%@’\j@’]ﬂﬂqqqzlaﬂﬂ

U L}

v
} 4 [ .

4 1
TRududanuda)  suiunguidedlufyivliuiidngn  astiinsed  geeny  Saunn Wndew
Tdiioawe vnemamin Hlsafuguegnew iy lsatleaiteds Tsaiala Tsawmam Teadu pligui
unwied azi@assianisiinaaddsafiguusy lunguainaiatinfiemssiesasds Arswuwwduaz1i

nsfnwfisanis atiglsfinulsaynisalugilnfudaussnnfilanaduguussl i uiu



Number of samples

40 B Positive Seasanal flu
8 Positve HIN1 2009

It

Eﬂ&iﬂuﬂ-ﬂm mas b . Amq . g

13 57 9 11131517 19 21 232527 29 31 33 35 37 39 41 43 45 47 49 51 53 5557 59 61 63 65 67 69 71 713 718 717

Age

sUR 1 wamenimnszanaresegdile ulivdauojaewug lniusclindnlunimuggma  auds

¥ <A
NUNBUNTNIIAN

v
<«

o & MY o islay o @ o MY o ' v = pr]
’Jﬂ‘ﬂiﬂ‘llwmlﬂnvwﬂ‘ﬂ'ﬂﬂ“nﬂ’]uu ’A']N’]ﬁ‘nﬂ’a\iﬂu‘l‘lluqﬂl%mmﬁuq@ﬂﬁﬂ‘lmﬂﬁwﬂuﬁﬂ BN

o ral = TR DI~ T - P - N o oA o o e
arevuginnidaeunntl awuiusietsdpduainarannll iwellasiunnanaiuinazszunnued

q

0 o

lsn avinseuitlanazdszmaaauilignandniiunisunleanaasn  dpgudanaialiainism
2 a v as 1 as L% n‘: ﬂl‘l dl ar o o o ol o
Haestulindalng  arevugludls  istiwezifagdnwrnenisiugnasuaashfaludafuuaslnfa
Wudalunjaeiufnd danumieuwiuiadsesss 75-80 iy Ursimaanfgeuiinuiludszina
Aﬂ.d <l o & L .~ % as [ g e ¥ as 1 as ] -ﬁl
ninsdadeduilesildvialugiiunn  Adawumsszuiateddnlivdalungaawugluinaziie
< d‘l v as 1 s 1 e = ﬂ; d‘ [ al o of ° VYa ar =
39 TnrrsunalindalvnjarewudiluinGouwntssvadiu  SinGoudwauunnléifudatu
Tindalnggliluda wdidahadlulivialugjarawugiud waadlitiudrdadulivdalnaldaunm

Yeanulindnlugarawugln

Wagainuuliinmeszuiavesivdalunjaeiugiui 2009 Hunallindindaamannuay
o039 Ia¥aasnamirazegluined uaraznlfsuihilivdaluwginuggnialusuraatiuivey
pquusalsaililiteslund Tiudaugimungmauds eednrensdelanuar US-CDC Al

| ] ° o

ArmdAty lunmaudadadudmivbialivdinlunjaedug v 2009 Tasfiueumsa@nliisan

enauazaqiuiadudinanliBuinslilasansludsuinansdunn Wy anizeniing glsl
5



WAreRdIATIAY  umetilsimuANAIsHARSATusIna1qfaTdnsn e dauiulsemalvaniy
o d'al ;7 = <3| 1 =l ar = dv v ar i
naw@RInANnasEaszaenuaniluan awsiinsszuailusvaeniwiaadiunishiaidelivinlug)

Aﬂl 0 & & {3 s dl as } oo o Y L P=3 =1 <l
AIHGANIA Luﬂmmmnﬁ?ﬂmnuu@nmn@ummmm@mummq na9lndnguilesiulsraaiiuan

v
o o

A =< | o o ol o o ¢ =l ' ° L '
NNABNVUY  UAlHaYRINIATUNL TN UeN e 134Lwﬂdw'am'am?mm‘lmmmwwma ANUUNIT

<2 v

nvuadyraalansaclafy wenanazduyanandassielsaunde nasitsdiaysveaniifinmiui

2

() e

WUAINN1SAAEaRNs STt ARgnouuds  Aazifumsdsegninislidaduiazinnsindiun 1414

U

wadselorigegn

s

AgilseaiAuaInudaE

P o b= o B~y Al 1% I ar " as 1 al
1. einsAnmAnmuliuineesweuiuaaniselhialindn uniarawuglud 2000 7

o o . N -
wasuudadld seudnenauuazuaamsléifuidalofa Tnaldinalin Hemagglutination

inhibition (HI) Test

2. 1uindszdfnisehaueusuvaanilandauwzsadalofa ldndnuajaravugiva 2009

HIN1 wesfFadalutszinalne

3. enimsdnmanugnaasweuiuesniinalofalivialunjareuglul 2000 T

UszanINaHAEAINT] LATLANINININNTUNNE

YALLARNINUIRE

HunsAnmsugiifuidneneesiia  Infuenza A andszansnguilvunatluginge

u

TFalinialugjarawuglud 2009 lulszmalnendainislunguaad Influenza-like illness wazinig

a F e ve va e iy e
azaanunsiadelo¥alivdaluajareiugiud 2009 HINT lulszaansinefidinfunisinenfaaannis

maAumalailawerunaguun anaguuw Sandnseuuny laeacld specimen vevnliiunisasma

U

o dlv b 4 s d" AJ' 1 k4 “a e
FINANTUINTUREATIAWLILED Ll,ﬂ:i‘l‘ﬁ‘l’]i‘ﬂ"‘l’mﬂ’]ﬁ‘LWWZLﬂENVI‘ﬂ%IPLUH‘Nﬂ{]Uﬂﬂ'ﬁ‘N’]ﬁﬂ‘lﬂ’Wﬂ?}‘Nﬁm

l
aedal

a a ' o a & = ) v a e Y o
LL@NWU@@WNnqﬂﬂﬂﬂuuﬂﬂ\j‘lﬂqqnn’ﬂuttﬂzuﬂ\jnq?ﬂﬁm@ n'ﬁ'ﬂﬂﬂq@xu\jﬂq\juﬂ\?ﬂgﬁﬂﬂqﬁtﬂﬂ‘l‘ﬂmﬂ

N @

flunan  Tddmsnanatiesaiilon  sanienis@nmfinugiduiudeloFalindnluaiaraduglneilungs

U

Uszgnailvung  Aeyasinamenisuwndaesisanenuiaguun - udsmsszuialuusiazai  uas

Uszangvialy



Q¥ ANNAFIY UFANTAUANINAR (Conceptual Framework) 21a3tATIN153E

faudidlsalivdnlunflul szinalnaas bildlsannefymuusssiaanndin - dan uay

wsngna winisszunavevdelafaliudaanewudlua 2009 Tviataniu Mnlkfinswanndadulindn

wdll!/v

aneiuflud Aamliiiianis@nmdndszansnguitsenglamasazlifudpduliniaaewufivail loa

Ranyizudndgeengditucunil Tnaewizyppaiiienguinndt 60 1 sanfiayaainmenisunng

|3

P ) o ay (MY o | o vy
Mmasthaluszaonusn ainiifituniuseldvdauaiaraiug lusiuda

islgndanarninaslasy

meszuatadludanjaneiuilve - fasaciinnsszinesiall@nuanetluazmaindndatu

Ui iaun aaiumsiuuassuanuddgiaasazlifuiansanlunisaadaduilesiu e

a

= o q 1 2 dv 1% 14 [ Py [ o '
qﬂmnmmmmmumw TUTBHANUTTUNINATUINAN Auludszansivadusadnalunismnauuy

U

aaiularanistazifulss Tamianedalunng

a

v J ¥ o s all
1. noudeyaiugureifuiuludszmnsyaainsmansunnduazi szanevia
2. dayasnihudsrlamiatnauinsansznsaaisnsnigy Tunenaunuilesiulse Tneawas

nsldraulunastlasiulse



A8n19ALHUIAE

Usza1ns (Population)

. 2
= a <

e a:lfsaeine specimen Wiy  FFuNwmdeannitAranARTingedifadelafa

Tudnlungsiae anlsanenunaguun auneguun dmdnaauuiu Insanfudiuiuriaaesdiue

'
a

. u‘// o a a = J ar @) @
(paired serum) MFFuluafawsnaziiuluahndusneaansdindalo¥a (acute serum) Wiiiaunuaes

[ 2/
o J ~

Funaunazléifude 1flavaininisasabnuauiivadnamizsadelfavasmandndauda 7 du
wardinluaiafiaed (convalescence serum) aziiulueiimdin 2-4 asan1diadalois lnoaziiu
o I o
it lug An@ad11I 50 T8 $93 100 A28EN
®  UARINSNINMTUANE]

azldfmatianlaanyasinmianisunng aanlsaneiunaguun Sadaeauunu Culsmenuiaauin

d‘ v nll 4 v a i ! dll a
nae  defieyaiilaannisadszgnsfldifuiinedrsrainguyaainsnisnisumndluniney ey

o

fawnuaaddsewmaliandnlrameuasunalug uaz aunaidn

e naudszansini

1 ) o ) a P = N o a o '
flunguietinfuanstiadszansdnataeialiluangineguun Saudnueuuniy

LNEUINITARLEN

o A& o v Aa vy oay o o @
o aaadatadasladinlasinsfdluiihendafunsinesaelsaszuy
napune laluwnungiaeuan/lu selsamenunaguun aunaguun Samdn

PAUUAW FIUALRDUARAN-TUIIAN 2552

o

o  fanwurainislunguued LI (Influenza-like ilness)

NN ARDDN

o= 1

o flufleidssiRidensandne

Py 4 o Ay o \
nRlsalrade HaTHHANNULINNWTAY

o
e3¢

o liadasladingquiatams



A8n15ANEN

1. 2214 dqathaazidalafanlfunannnisiwizi@a H1N1 2009 un M lulausiau
a’ ] d‘ & 2rar s rlﬂl | 2 ar

2. soatnamiuazlfifunsussalunasnaratauasdeanndigudi@eacsquanizniedulada
a a o ar d’l [~{ -4 d‘ k3 o g = o s ' (=3 v
nenatin uarloFadeduasgnituities iumnisdotisdt Anzuwnoaiant azgniiu’ls
A -70 agATRLTES

3. iR azdfjuiaunginugianalunsacuanise e ldieljisnnsdatisdis

4. 7eeu 2+ aull

n1sAsranatiesljinns

°

1. A8MINIMAAAY HI test

o

daddva’ aa o a a ' = v ar v

9T IR LALALARAGE HA HAZATHITOLNLANANMENITHANAN wlé
2 a = :/I . s d’l

N9l maiia HI HIURDURNTIT] ONU

1.1 mislamm HA
unndesnhiaineauquiliuindafanninimasan HE Teedn@lingm

HA Taeinn991 serial dilution 1291958 fail

WWx PBS 50 111 Tuunaua3 96 well-plate N

- i 50 Wl veslafaadlunguusn i serial dilution
- uda@anued 50 LI lunnugy

~ fuls 0w

n19uLlsua HA

IaFaazilififianmanizngureadin@enuniiin agglutination NN HA axinli
1 ar d‘ o [~ e . o v 2 [~ d‘ ° ar
neuglFannnnie positive control antigen Fpmdndwiun HA Bianngudiu

A adinduliiily 8 HA Milluninsgwlunisyin HI



)
<4 o

12 Maesudfunatinuang Hi
- ﬁﬁ”mﬁﬁmmwmmum treat finel RDE (Receptor Destroying Enzyme)
Fufhunrindaansfudiunubidumzivnliadauuueuiver u
AMT1 1:3 serum:RDE
- Incubate # 37°C 1flwaan 18-20 Falia
- Incubate # 56°C 1fhwan 1 falue iedufannsinaiuaes RDE uas
NIRRTZLL complement
- 14 PBS iaideanaiilu 10X dilution
1.3  HiTest

ATUUNNTANNNIATFIY US CDC (auiFaLiing)

- lu 96 well-plate RN PBS 25 Ul nnugu

- luusezuguiRin 10X antiserum TBINGANAIRENY
- aFaldndalvnjaawuguad 2009

- eulaFannudindu 8 HA Tuusazugu

- 9l 30w

- Fudn@eauns (Wadenuasraslieng) 5ol

naguLlssa Hi

wouAueanHN A fuazludunuldsfiu HA uuinresaynialafa Bl HA Tdaaunsovin

Tdnaeaunana agglutination 16 nsudsualu Hi test azmsadinui HA

NANIS2RE]

TumsAnrn1sAn N T as LRl 89T NN TABLAUBIN LA LR LD ATHADLT D [MuiR

ganeugud HINT 2009 Tuffiledadelulsuinalnelaelmatin HI Test wudnlungu

A

matialszanidiaanisdne  ffAfamimadumelanitluraainnisiingelaFaldudalug
grewugluad 2009 Auau 22 98 uarigRliRndalaFaldnda Ingjarawuglun 2009 auoy 23
Muflenmagaufanaila muliplex real-time RT-PCR siatiu lunquilszansdnen Autingy

Uszansli 2 nqu Asiléinanaliinbiv

10



iovnnsin@niiiu acute serum waz convalescent serum regLatusaT SNwINg
ogeugLinmueneuiveRTawzae delasa lininlujaeiuglnl 2000 ARsdumends
nsfinde (rising antibody)W1191 lutﬁﬂqaﬁwumiﬁmL’iﬁ”@h?ﬂlgﬁwmlunjmmv“uﬁ'luﬁ 2009 49
lunl (95.45%) fiBunresueuiverdwslwdeaiifivly acute phase fieandt 10 HI Unit
awtla 40 HI Unit #afiedriinauaufvediiluay lanfiAnisagiu (Median) iy 20 HI Unit uasny
a4 rising antibody HRNAUINNNT MR 4 WinluESufiAuluged convalescent phase

(L5unnuseus <10)

Table 1 Paired sera with real-time RT-PCR positive for human pandemic infitenza {E1N1)

Mo. Age Gender Day after Days HI against HI against

symptom pandemic H1HM1 seasonal H1N1
{years) onset
Actite Convalescent Acute Convalescent

1 18 F 3 16 320 640 40 40
2 1 F 2 16 40 40 a) 20
3 85 F 2 1€ i 40 20 10
4 ] F 3 16 20 40 40 40
5 38 W 3 18 20 320 20 10
5 15 F s 16 20 320 160 20

7 12 F 4 15 40 840 40 4
8 12 F 5 18 Hy 320 20 10
9 10 F 5 14 20 320 23 10
10 10 | 4 14 20 320 20 20
1 10 F 4 14 20 20 20 20
12 4 it 2 14 20 540 %0 413
13 10 It 2 14 20 320 &) 80
14 16 F 3 14 20 320 188 80
15 14 F 3 14 20 1,282 £ 20
16 a F 3. 14 20 320 162 20
17 15 [ s 14 4 150 20 40
18 5 It 4 1€ 20 30 =1} 10
19 6 M 2 & 10 1,282 20 19
20 1Q F 3 16 20 320 &) 10
24 14 ! 3 16 i 30 40 20
22 7 s 2 16 <10 <10 20 <10

Tuautia 1280 HI Unit uasfiANsiaeg iy 320 HI Unit) uaz@iniifivliugad convalescent dau
) (90.90%) MBunmwaufiuafawizInnd wiewiil 40 HI Unit denaflunauon lunis

ATIAAALLFNN LA URLBATUIADA AIANTI9N 1
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Tanzieoi Fuvesihalsaniaiunielaiifiuanisfiadelafa livdanlugjareawug v

luau (Hanaaauia real-time RT-PCR %iaffiuluiag acute Waz convalescent phase 484m13

\ina1n1 wWUI1 $5US acute uar convalescent daulnnj (91.30%) Hiininuuaufiuafneniwizse
Tofalindnlunjanauglug 2009 dud faandt 10 Tdauis 40 HI Unit wazfidniangaulu acute

Az convalescent serum (11 10 Waz 20 HI Unit ANA160 wazldwu rising antibody

Y as as

d" ¥ o a el o ] as v e [ g
wannil gadedslininisnmagevusuivenndnwzselaialiudaluinuggnialungy

a

UTgnINeaaInguwudn  FXua acute uae convalescent lufftlvaiwunisdiadalofaliudalug)

o

aneuglua 2009 TfunufininueufveanaunizsielafalivialuninnggnisiiAsaus 20-
160 HI Unit uarilA1dse gy 46.82 uar 40 Wdfuiiiuluges acute uaz convalescent phase
PINTAADINITAVNRIAL AhinuadrmuuanAIes N uLeuR Ue AvageasAn A
1 ] = o O as oo [ = ar <l as U k2 = tﬂld a
wansngaeinglitis A AU eata  duRsafuaiulungadsvansgilielranamunalaniinanisin
dalifalivinlugjarewuglmiiiluay  wuddszansdoulun  (82.61%) Hilfunuaufiuehn
uwrzaalofalivialunjmunaniaeguia A1 Hi titer Afidelafalivialuainuganiaiidsiaus

<10 QUi 160 HI Unit #am19199 2

Table 2 Paired sera with real-time RT-PCR negative for human pandemic influsnza (HiN1)
Ho. Age  Gender Day after Days HI against HI against
(vears)  (MIF) syg:‘lgteotm pandemic HIN1 seasonal H1HH
Acute Convalescent Acule Convalescent
23 3 [ 2 16 <10 <10 &5 20
24 15 F 3 16 <10 <10 183 43
25 S [} 3 16 40 40 ests 20
26 13 K 2 16 <10 <10 82 20
27 24 F 4 14 320 332G 8% 20
26 1 F 5 14 20 20 at 80
29 4 F 4 14 40 2 80 80
3o 45 F 8 14 <10 <10 <10 <10
3 1 M 2 14 10 18 ) 20
3z 3% F 5 34 <10 <10 a0 80
33 13 F 4 15 <10 <10 45 40
34 9 )] 1 13 40 0 3 40
35 s7 F 18 12 1,280 1,230 45 40
36 s F 4 12 10 10 F-2d] 40
a7 10 bA 1 15 10 1G 82 20
28 g % [ 12 10 <10 40 20
39 1 pA 5 “ 10 15 50 160
40 10 bA 5 4 10 <1l 20 40
41 10 M 5 14 10 <10 40 10
42 0.75 F 7 14 10 19 -3 20
43 0.08 F 5 14 10 18 10 10
44 7 BA 3 14 10 <D 8 80
45 S F 5 14 20 1C¢ 8% 80
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qaneaatvianne 307 mivtdaindszaansialllusneguun Sawmdprauunu 499 w.a.

2551 Taswiiamndoany 592 U Awwasslugdd 1 aannisAnsawudnfisetinaianun  36%

(109/307) ﬁmmqnmmu@uﬁu'a?wi@ pH1N1 (positive antibodies HI titers 240)

g‘lﬁl2 Percentage of HI antibody titers against pandemic (H1N1) 2009 in relation to age

among the general population in Chumphae district, Khon Kaen province, Thailand,

2009
HI Titers
(Percent) HI
lgg N T 02010 <10
80 - H40
Zg 580
50 - 3 w160
40 - 8320
22 1 | § "_ ) 640
lg | el , & . nJ . ﬁ—, § ‘ N o

5-10 11-20 21-30 31-40 41-50 51-60 61-70 =70
Age Group (years)

LARINTINIINITUNNE

At AALAINYARININANINITUNNEUAINETELNA luTNdl Aina e uaauiuINAl

W.A. 2551 flaatieaindaafeuiiguien w.a. 2552 uazstedafifiuainineuiiguisy w.a. 2553

ALENYBINBUFLBFAAD pHINT UAI1N wave Huils

U s ] ldl =3 flﬂl L= ar < o o/ [] éd
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AIHTNYBY antibodies 618 pHINT UAIAIN wave NAB3

nAUuietaiuliiaune  anFiuanuan 397 frednalyaaInInanisunng
2 2

VAUNA 22.4% (89/397) Huaufivedsia pHIN1 Tazfadaiiulitisnedeeny 47.6 1 (an

Fnatinetaaanty 14-87 1)

AY1LTNY84 antibodies R pH1N1 UAI910 wave NAN

ndanuaumadeiuliiaune an@fudnuan 366 faetng Hyaainsniansunng
VWYNG 25.7% (94/366) HueuAvensia pHINT Taasaetnesiiuldiidedeens 54.5 1 (aan

paetintaeang 17-86 1))
HANTNARDITBILAURLD A LULARE wave tiuanslu m9eh 3
AN519% 3 Hemagglutination inhibition (HI) titers to pH1N1 among medical personnet in

Chumphae hospital, Khon Kaen province, Thailand, 2009-2010.

Health care personnel Seroprotective HI titers GMT
No. (%) (95% CI)
After the first wave 123 (48.2) 62.8 (42.9-76.3)
(n = 255)
Age (no.)
15-30 (115) 69 (60) 70.9 (49.1-92.8)
31-40 (76) 28 (36.8) 60.9 (39.2-82.7)
>40 (64) 26 (40.6) 46.9 (40.3-53.5)
- After the second wave 89 (22.4) 117.2 (69.42-164.92)
(n =397)
Age (no.)
15-30  (68) 24 {35.3) 89.8 (35.6-143.9)
31-40 (66) 8(12.1) 61.7 (47.3-76.0)
>40  (263) 57 (21.7) 143.4 (74.8-212.0)
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After the third wave 94 (25.7) 104.3 (69.1-139.6)

(n = 366)
Age (no.)
15-30  (29) 11 (37.9) 102.9 (42.0-163.9)
31-40 (33) 7(21.2) 72.5(32.6-112.3)
>40 (304) 76 (25.0) 108.1 (65.7-150.5)
o L4
2971980
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Serological Analysis of Human Pandemic
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ABSTRACT

The study was aimed at determining the prevalence of pandernic influenza (HIN1) 2009 among patients
with respiratory tract diseases during July-Decernber 2009 using real-time reverse transcription polymerase
chain reaction. Haermagglutination inhibition (HI) assay was performed to detect antibody titres against
pandemic influenza in 255 medical personnel, 307 members of the general population during the second
week of December 2009 in Khon Kaen province, Thailand, and in 100 stored sera collected from people of
different age-groups during 2008. The results showed that the pandemic (H1N1) 2009 had occurred dur-
ing July-December 2009. The results of the HI test after the wave of this outbreak showed that 123 (48%)
of the 2585 sera collected from the medical personnel, 109 (36%) of the 307 sera obtained from the general
population, and only two of the 100 stored sera from 2008 contained antibodies (HI titres 240) against
pandemic influenza. Antibody against the pandemic (H1N1) 2009 was found in at least one-third of the
population. In conclusion, the prevalence of virus and serological data obtained from the study can be used
as the serological background level of the Thai population after the July-December pandemic. Finally, the
serological data might be useful for outbreak-prevention and control strategies and for the management of
vaccination for the pandemic (HIN1) 2009 in Thailand.

Key words: HIN1; Influenza; Serodiagnosis; Surveillance; Thailand

INTI . ‘TION magglutinin protein of this pandemic strain was
derived from swine (3). An HI1N1 virus was first
identified from samples obtainied from humans in
1918 when there was an outbreak of pandemic in-
fluenza A virus (HIN1) which spread rapidly across
the world and caused millions of deaths worldwide.
This worldwide outbreak occurred in several waves
with increasing virulence (4).

The pandemic influenza (HIN1) 2009 has emerged
from North America since mid-March 2009 and
rapidly became responsible for the spread of respi-
ratory illness around the world. Since then, it has
spread to over 208 countries, and the total number
of laboratory-confirmed cases of the pandemic
(HIN1)2009 hasexceeded 414,000, with at least
18,114 deaths worldwide (28 May 2010) (1). Re- Transmission patterns of influenza are different ac-
search has revealed that the strain of virusisa triple ~ cordingto weather conditions, such as temperature
re-assortant among human, avian and swine influ-  and humidity (5). As an example, in the Northemn
enza viruses (2). hemisphere, infections mostly occur from Novem-

ber through March whereas infections occur in the
Further evidence has also supported that the hae-  Southern hemisphere from July to December, and

Correspondence and reprint requests should be infections in the tropics tend to be spread through-
addressed to: out the year (6-8). In Thailand, like other tropical
Prof. Yong Poovorawan countries, the rate of infection due to influenza
Center of Excellence in Clinical Virology is normally sporadic throughout the year. It also
Department of Pediatrics tends to follow a biphasic seasonal pattern with an
Faculty of Medicine increase in the infection rate from June to August
Chulalongkorn University and from January to March (9).

Bangkok 10330 . .

Thailand The first confirmed cases of pandemic (HIN1) 2009
Email: Yong.P@chula.ac.th in Thailand were declared by the Bureau of Emerg-

Fax: +662-256-4929 ing Infectious diseases, Department of Disease Con-




Horman pandemic nfluenza (HINI) n Thailand

Prachayangprecha S et al.

trol, Ministry of Public Health, on 12 May 2009
(10). The pandemic spread through overcrowded
public areas, such as Pattaya and schools in Bang-
kok, and the virus was probably transmitted from
person to person by droplet transmission (11). The
frequency of pandemic (H1N1) 2009 infection was
generally higher among children and young adults
compared to seasonal influenza (12). Antigenic and
genetic characterization of the pandemic (HIN1)
2009 virus has shown differences between pan-
demic (HIN1) 2009 and seasonal HIN1 influenza
virus. Hence, the vaccine against human seasonal
influenza virus (H1N1) is unlikely to provide cross-
reactive immune response against the novel pan-
demic (HIN1) 2009 virus (13).

To determine the host’s immune response, various
laboratory methods can be applied, such as haemag-
glutination inhibition (HI) test, enzyme-linked im-
munosorbentassay (ELISA), and microneutralization
(MN) test. The HI test is a widely-used technique for
measuring specific antibody against influenza as it
presents a relatively simple and inexpensive meth-
od which has been extensively used in epidemio-
logical studies of influenza virus infection.

In this study, we have investigated pandemic HIN1
influenza by performing real-time reverse tran-
scription polymerase chain reaction (RT-PCR) for
the detection of virus in throat or nasopharyngeal
swab specimens obtained from randomly-selected
patients with respiratory tract diseases. Using the
HI test, we have serologically screened medical per-
sonnel and the general population in Chiumphae
district, Khon Kaen province, Thailand, for specific
antibodies against the pandemic (HIN1) 2009 vi-
rus. Thus, the evaluation of antibody response to
the pandemic (H1N1) 2009 among the population
might be useful for the management of vaccine.
Data will help prioritize certain groups within the
population and could also assist in the recommen-
dation for vaccine and management of vaccine
strategies.

MATERIALS AND METHODS
Sources of specimens

Chumphae in Khon Kaen province was selected as
the site for epidemiological studies and surveillance
on the pandemic (HIN1) 2009. Chumphae district,
with a population of approximately 650,000, was
selected for representing a suburban area of Thai-
land. The district is located in the northeast of
Thailand, approximately 449 km from Bangkok
(Fig. 1)

Specimens and sera collected from the participants
were sent to the Center of Excellence in Clinical
Virology, Faculty of Medicine, Chulalongkorn Uni-

| Fig. 1.Map of Thailand showing location of
Chumphae district ’
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versity, within 48 hours. The sera were kept at -20 °C
untl tested.

Nasopharyngeal/throat swab specimens

We collected nasopharyngeal or throat swab sam-
ples from 20 patients (15 outpatients and 5 inpa-
tients) with symptoms of acute respiratory tract
infection, such as fever, sore throat, cough, rhi-
norrhoea, nasal congestion. Samples were collected
each week during July 2009-December 2009. The
specimens were collected in 2 mL of viral transport
medium containing antibiotics (penicillin G (2 x
106 U/L) and streptomycin 200 mg/L) kept on ice
and sent to the Center of Excellence in Clinical Vi-
rology within 48 hours for the diagnosis of influen-
za infection. All the samples were screened for the
pandemic (H1N1) 2009, human seasonal influenza
A (HIN1 and H3N2), and influenza B virus by tRT-
PCR (14).

Population for testing of Hi antibody

In total, 562 cross-sectional serum specimens were
collected from 7 to 15 December 2009 after the
July-August wave of the pandemic (HIN1) 2009.
People diagnosed with immunodeficiency, bleed-
ing disorder, and any chronic respiratory diseases,
such as bronchial asthma, bronchiectasis, or not
willing to participate in the study, were excluded.
The population to be studied was divided into the
following two groups:

General population

Three hundred and seven cross-sectional serum
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specimens were collected from healthy volun-
teers, devoid of respiratory symptoms, residing
in Chumphae district by invitation for screening
of antibody against the pandemic (H1N1) 2009.
They comprised 185 males and 122 females, with
a median age of 30 (range 5-92) years. These serum
samples were included in the study protocol to rep-
resent the baseline for HI seropositivity in the gen-
eral population and then used for comparison with
healthcare personnel.

Healthcare personnel

Two hundred and fifty-five sera were collected by
notification from healthcare workers at the Chum-
phae Hospital, Khon Kaen province, for screening
the pandemic (H1N1) 2009. Their median age was
32 (range 19-56) years. Sera were divided into three
groups based on their areas of work.

High-risk group: Specimens were collected from
healthcare personnel who had close contact with
patients with respiratory tract disease or collected
specimens from patients with clinical respiratory
tract infection during the outbreak of the pandemic
influenza (H1N1) 2009 or had contact with a per-
son with laboratory-confirmed pandemic (HIN1)
2009.

Intermediate risk group: Specimens were collected
from healthcare personnel who worked in a
high-risk area but were not directly exposed to
patients with respiratory tract disease or collected
specimens from patients with clinical respiratory
tract infection

Low-risk group: Specimens were collected from
healthcare personnel who work in the hospital but
were directly exposed to patients, such, as office
workers, electricians, secretaries, and accountants.

Control baseline group

One hundred serum specimens were collected
from individuals aged 11-86 years from Chum
Saeng district of Nakhon Sawan province (Fig. 1)
in March 2008 before the pandemic (H1N1) 2009.
Stored serum samples were selected from anony-
mous specimens with only the age range known.
These specimens were collected for a study project
on antibody to avian influenza (HSN1).

Laboratory methods
Detection of influenza viruses by real-tirne RT-PCR

RNA was extracted from 200 pL of each nasopha-
ryngeal swab using the Viral Nucleic Acid Extrac-
tion kit (RBC Bioscience Co, Taiwan) according to
the protocol of the manufacturer. The extracted

RNA was used as a template for the detection of in-
fection due to influenza virus. Primers, specific Taq-
Man probes, and thermal profiles for the detection
were as previously described (12,14,15). rRT-PCR
was performed using the SuperScript IlI Platinum
One-Step RT-PCR system (Invitrogen, Foster city,
CA) in a Rotor-Gene 3000 (Corbett Research, New
South Wales, Australia).

Propagation of influenza virus

The pandemic (H1N1) 2009 virus used in the study
was A/Thailand/CU-H88/09 (accession numbers:
HM446345 and HM446344). The influenza virus
was propagated by inoculation of virus stock into
the allantoic cavity of 10-day old embryonated
chicken eggs. The inoculated eggs were placed in an
egg incubator at 37 °C for 48 hours. The allantoic
fluid was harvested and subjected to centrifugation
at 3,000 rpm for 10 minutes. The supernatant was
tested for viral titres by haemagglutination assay
(HA). Virus-propagation procedures were carried
out in a biosafety level 2+ (BSL2+) laboratory.

Haemagglutination iithibition assay

To abolish non-specific HIs in serum samples,
sera were treated with RDE (receptor destroying
enzyme) produced by Vibrio cholerae Ogawa type
558 (Denka Seiken, Co. Ltd., Tokyo, Japan) follow-
ing the specifications of the manufacturer. Briefly,
serum and RDE were mixed in a ratio of 1:3 and
incubated at 37 °C for 18 hours. Subsequently, the
mixture was incubated at 56 °C for 30 minutes to
inactivate the RDE and complement system, fol-
lowed by 10-fold dilution with phosphate-buffered
saline (PBS). Two-fold serial dilutions of RDE-treat-
ed sera (25 pL) were incubated with eight HA units
of pandemic influenza virus (25 pL) perwell in a
V-shaped 96-well plate (Greiner Bio-One GmbH,
Kremsrnuenster, Austria) for 30 minutes, followed
by addition of 50 pL of 0.5% turkey red blood cells
and incubation at room temperature for 30 min-
utes (16). H1 titres of 21/40 were considered posi-
tive antibody response.

Statistical analysis

Data were analyzed using the SPSS software for
windows (version 17). Chi-square test was used for
comparing the different groups.

Ethics

The Ethics Committee of the Faculty of Medicine,
Chulalongkorn University, approved the protocol
of the immunological study. Permission for pan-
demic influenza HIN1 surveillance was granted by
the director of Chumphae Hospital, Khon Kaen, to
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facilitate outbreak control and establish preventive
measures. All participants were informed about the
objectives of the study, and their written consents
were obtained before collection of specimens.

RESULTS

Detection of influenza viruses by reai-time
RT-PCR

Five hundred and fourteen specimens were col-
lected from children (233 patients) and adults (281
patients), aged 25 days-86 years. The number of
samples and percentage positive for the pandemic
(HIN1) 2009 are depicted in Figure 2. From July,
the numbers of positive samples increased and
reached the highest peak by the end of August
2009 and started to decline from September to

comparison between antibody-positive risk groups
showed a significant (p<0.05) difference between
the high-risk group and the intermediate risk group
(Table)

H1 antibodies against pandemic (HIN1) 2009 in
the general population

The results of the HI test performed on 307 mem-
bers of the general population, aged 5-92 years (age:
5-10 years: n=18; 11-20 years: n=24; 21-30 years:
n=11, 31-40 years: n=23; 41-50 years: n=41, 51-60
years: n=31, 61-70 years: n=30 and over 70 years:
n=26) in Chumphae district showed that 109 sam-
ples (36%) displayed specific antibodies (HI titres
240) against the pandemic (H1N1) 2009. Details
of the positive HI antibody response (HI titres >40)
among different age-groups are shown in Figure 3.

Fig. 2. Positive percentage of nasopharyngeal or throat swab samples for pandemic (HIN1) 2009 and -
human seasonal influenza viruses from Chumphae Hospital, Khon Kaen province, Thailand,
between july and December 2009 ' :

No. of samples Positive %
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December 2009. In confrast, the seasonal influenza
strains (H3N2 and influenza B) circulated in a low
level throughout the year.

HI antibodies against pandemic (HI1N{) 2009
in healthcare personnel

Based on the HI test performed on 255 healthcare
personnel at the Chumphae Hospital, 123 samples
(48Y) contained specific antibodies (HI titres 240)
against the pandemic (H1N1) 2009. A comparison
between groups of medical personnel showed that
the percentage of samples displaying specific anti-
bodies against the pandemic (H1N1) 2009 was 58%
(70/120) in the high-risk group, 35% (29/82) in the
intermediate risk group, and 45% (24/53) in the
low-risk group. Data are summarized in the tablé. A

HI antibodies against pandemic (HINI) 2009
in 2008 control group

The results of the HI test showed that two (2%) of
100 anonymous control sera collected during 2008
had HI titres ot 240 against the pandemic (HI1N1)
2009. The positive specimens were derived from
two individuals aged over 50 years.

DISCUSSION

In this study, we have performed the HI assay for
determining the antibody levels against the pan-
demic (H1N1) 2009 to better understand the infec-
tion rate and estimated immunity in the popula-
tion. High numbers of patients diagnosed with
the pandemic (HIN1) 2009 were observed during
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Table. HI antibody titres against pandemic (H1IN1) 2009 among healthcare personnel in Chumphae
Hospital, Khon Kaen province, Thailand, 2009 _ .
High-risk group Intermediate risk Low-risk group
. n=120 roup (n=82 n=53
HI titre ((4704))) 8 (:5)3(0/0) ) ((210/0))
No. % No. % No. %
20-<10 50 42 53 65 29 55
40 38 32 15 18 12 23
80 23 19 10 12 9 17
160 8 - - 3 S
320 1 1 3 4 -
640 - - 1 1 - -
Antibody response between high-risk group and intermediate risk group was significant (p<0.05);
HI titres of >40 were used as positive; HI=Haemagglutination inhibition

July-September 2009 and then decreased towards
the end of the year (Fig. 2). The serum samples col-
lected for HI test in December showed high sero-
positivity against the human pandemic (HIN1)
2009, implying that approximately one-third of
the Chumphae population developed antibodies
against the pandemic (H1N1) 2009 at that point
in time.

According to a previous study, the HI test in paired
serum samples of patients with influenza-like ill-
ness (ILI) diagnosed with the pandemic (HIN1)
2009 showed a significant four-fold increase in an-
tibody titres upon comparison between acute and
convalescent sera (17). To determine cross-reactivity
between seasonal influenza and pandemic (HIN1)
2009, the HI test was performed on acute and
convalescent sera of patients with ILI and healthy
young adults collected before the outbreak. The
results showed that there were no cross-reactivity

between antibody against the seasonal and pan-
demic (HIN1) 2009.

The HI test performed on sera of the medical per-
sonnel demonstrated a high percentage (48%) of
samples with a positive HI titre against the pandem-
ic (H1IN1) 2009. In all probability, these individuals
were at a higher risk for infection than the general
population due to exposure to clinical specimens
of respiratory tract disease and close contact with
infected patients.

A comparison between the individual groups of the
medical personnel showed that the high-risk group
exhibited the highest percentage (58%) of antibody
titres whereas the intermediate risk group and the
low-risk group presented a lower percentage of an-
tibody titres at 35% and 45% respectively. In the in-
termediate risk group, the positive HI percentages
were lower than those found in the low-risk group.

Fig. 3. Percentage of HI antibody titres against pandemic (H1N1) 2009 in relation to age among
the general population in Chumphae district, Khon Kaen province, Thailand, 2009
1004 — — — S S I _
90
80 - HI
_ 70- 0 20-<10
S 60 B 40
E 501 80
é 40J @ 160
307 m 320
207 m 640
10 T 1 @ l . m . % : N I
5-10  11-20 21-30 31-40 41-50 51-60 61-70 >70
Age-group (years)

Volume 28 | Number 6 | December 2010

541



Human pandemic influenza (HIN1) in Thailand

Prachayangprecha S et af.

The lower Hl titres in the intermediate group might
be due to the level of exposure and personal aware-
ness, including knowledge of appropriate protec-
tion, such as gloves, respiratory mask, and protec-
tive clothing while the low-risk group limited their
protection to washing their hands. However, the
antibody response in the intermediate risk group
did not show a significant difference from that in
the low-risk group. '

The HI titres among the general population showed
that 36% of the Chumphae residents already had
developed immurie response against the pandemic
(H1N1) 2009 virus. Yet, other studies have shown a
lower rate of seropositivity (11% and 13% in stud-
ies of China and Singapore respectively) (18,19),
which might have been due to the differences in
geographic location since various factors, such as
overcrowding, climate, and personal hygiene, can
affect the transmission efficiency of virus. Hence,
the number of people infected with the pandemic
(HIN1) 2009 may be different in some areas stud-
ied.

The elevated seroprevalence of the pandemic
(HIN1) 2009 in the 11-20-year age-group (54%)
may be explained by schools serving as gathering
places for children and young adults in class-rooms
and group activity which create ideal conditions
for the transmission of the pandemic (H1N1) 2009
virus, such as lack of or improper handwashing
and good personal hygiene (20). The 31-40-year
age-group exhibited 52% seroprevalence. These
individuals tend to work in air-conditioned offic-
es, use public transport, and attend meetings and
other social functions, all of which favour trans-
mission of the virus (21). The elderly have possi-
bly acquired partial immunity since around 1977
when the HIN1 strain with a similar epitope was
re-introduced into humans (22). In this study, 42%
of the elderly aged over 70 years displayed antibod-
ies against the pandemic (H1N1) 2009, which may
have been elicited by previous exposure to a virus
containing a similar epitope. Thus, the elderly had
acquired some level of immunity against the pan-
demic influenza A (H1N1) strain. This could ex-
plain the lower rate of infection among the elderly
people when compared with seasonal influenza
and, likewise, why the new pandemic strain tended
to affect the younger age-group (12).

In this study, a comparison of the stored serum
samples collected in 2008 showed that the HI titre
was positive in only two specimens derived from
individuals in the age range of 51-60 years and over
70 years. A previous study conducted in the United
States established that one-third of people born

before 1950 had antibody against the pandemic
(H1NT1) 2009 (22). However, our baseline data from
2008 revealed a very low prevalence of antibody
when compared with the results from sera collect-
ed in 2009. This finding was similar to the findings
from Japan and China obtained from sera collected
before the outbreak (3,18).

The results of the Hl test showed that the popula-
tion in Chumphae area had developed immunity
against the pandemic (H1N1) 2009. This level of im-
munity among the population can probably lower
the infection rate during the next wave due to an
effect called ‘herd immunity’ (herd immunity=1-1/
RO) (23). Herd immunity can protect non-immu-
nized individuals from infection. The estimated
basic reproduction number (RO) of the pandemic
(H1N1) 2009 was 1.4-2.1 (24-26). Onice the herd
immunity reaches 30-50% of the population, it
will be sufficient to lower and control the infection
rate of the pandemic (H1IN1) 2009. As with previ-
ous patterns of pandemic, the virus can still cause
sporadic infection in non-immunized individuals,
although there is no severe outbreak and, at some
point, the virus will become a common strain that
continually circulates in the human population.

The HI assay was conducted in this study for de-
termining the antibody levels against human pan-
demic influenza instead of the microneutralization
assay. This would provide suitable data on neutrali-
zing antibodies in sera but requires sophisticated
laboratories for cell culture. The HI test represents
a simpler screening assay and is a less-expensive
process, providing acceptable serological data
which would be feasible and attractive for large-
scale analysis (27).

Conclusions

Based on the percentage of the pandemic (HIN1)
2009 cases diagnosed and the antibody levels
against the pandemic (H1N1) 2009 virus measured,
this study has shown that the Chumphae popula-
tion had gained some level of immunity to the
pandemic (H1N1) 2009 during the outbreak be-
tween July and December. Thus, the next pandem-
ic (HIN1) 2009 wave may not impact Thailand as
severely as suspected, and the disease will become
seasonal influenza in the near future. This serolog-
ical study has provided useful serological data that
could help prioritize population groups for vac-
cination against the pandemic (H1N1) 2009 virus.
Moreover, ongoing serological analysis would be
essential for the recommendation of vaccine and
for the development of strategies to prevent future
epidemics or pandemics.

542

JHEN



Human pandemic influenza (HIN 1) in Thailand

Prachayangpredha S et al.

ACKI JWLED =~ .- I[ENTS

The authors express their gratitude to the Commis-
sion on Higher Education, Ministry of Education,
the Center of Excellence in Clinical Virology, Chu-
lalongkorn University, CU Centenary Academic De-
velopment Project, King Chulalongkorn Memorial
Hospital, Graduate School of Biomedical Science,
Chulalongkorn University, the RG] PhDD Program
of the Thailand Research Fund, Ratchadaphisek-
somphot Fund, Chulalongkorn University, and
MK Restaurant Company Limited for their gener-
ous support. This work was also funded in part with
federal funds from the NIAID, NIH, Department of
Health and Human Services, under Contract No.
HHSN266200700007C. They thank Dr. Praveena
Kittikhun and Ms Aunyaratana Thontiravong for
laboratory assistance. They also thank the staff
and nurses of the Chumphae Hospital, Khon Kaen
province, Thailand, for their collection of clinical
data and specimens. Finally, the authors thank Ms
Petra Hirsch for reviewing the earlier version of the
manuscript.

REFERENCES

1. World Health Organization. Pandemic (H1N1) 2009—
update 102. Geneva: World Health Organization,
2010. (http://www.who.int/csr/don/2010_05_21/en/
index.html, accessed on 28 May 2010).

2. TrifonovV, Khiabanian H, Rabadan R. Geographic de-
pendence, surveillance, and origins of the 2009 influ-
enza A (HIN1) virus. N Engl ] Med 2009;361:115-9.

3. TItohY, Shinya K, Kiso M, Watanabe T, SakodaY, Hatta
M et al. In vitro and in vivo characterization of
new swine-origin HIN1 influenza viruses. Nature
2009;460:1021-5.

4. Miller MA, Viboud C, Balinska M, Simonsen L. The
signature features of influenza pandemics—implica-
tions for policy. N Engl ] Med 2009;360:2595-8.

5. Lowen AC, Mubareka S, Steel J, Palese P. Influenza vi-
rus transmission is dependent on relative humidity
and temperature. PLoS Pathog 2007;3:1470-6.

6. Reichelderfer PS, Kendal AP, Shortridge KF, Hampson
A. Influenza surveillance in the pacific basin; season-
ality of virus occurrence: a preliminary report. In:
Chan YC, Doraisingham S, Ling AE, editors. Current
topics in medical virology. Singapore: World Scien-
tific; 1989:412-44.

7. Russell CA, Jones TC, Barr IG, Cox NJ, Garten RJ, Gre-
gory V ¢t al. The global circulation of seasonal influ-
enza A (H3N2) viruses. Science 2008;320:340-6.

8. Viboud C, Alonso W], Simonsen L. Influenza in tro-
pical regions. PloS Med 2006;3:€89.

9. Simmerman JM, Chittaganpitch M, Levy ], Chantra

10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

20.

S, Maloney S, Uyeki T et al. Incidence, seasonality
and mortality associated with influenza pneumonia
in Thailand: 2005-2008. PLoS One 2009;4:e7776.

Thailand. Ministry of Public Health. Department
of Disease Control. The method of investigation
and control of influenza A (HIN1) 2009 at the begin-
ning of outbreak at the school and institution. [Thai].
(http://203.157.15.4/Flu/doc/Influenza_Investiga-
tion_Manual_June2009.pdf, accessed on 15 June
2009).

Fabian P, McDevitt JJ, DeHaan WH, Fung RO, Cowl-
ing BJ, Chan KH et al. Influenza virus in human
exhaled breath: an observational study. PLoS One
2008;3:e2691.

Chieochansin T, Makkoch J, Suwannakarn K, Pay-
ungporn S, Poovorawan Y. Novel HIN1 2009 influ-
enza virus infection in Bangkok, Thailand: effects of
school closures. Asian Biomed 2009;3:469-75.

Centers for Disease Control and Prevention. Serum
cross-reactive antibody response to a novel influen-
za A (H1NI1) virus after vaccination with seasonal
influenza vaccine. MMWR Morb Mortal Wkly Rep
2009;58:521-4.

World Health Organization. CDC protocol of real-
time RTPCR for influenza A (HIN1). Geneva: World
Health Organization, 2009. 7 p.

Suwannakarn K, Payungporn S, Chieochansin T,
Samransamruajkit R, Amonsin A, Songserm T et al.
Typing (A/B) and subtyping (H1/H3/HS5) of influenza
A viruses by multiplex real-time RT-PCR assays. ] Virol
Methods 2008;152:25-31.

Kendal AP, Pereira MS, Skehel JJ. Hemagglutination
inhibition. In: Kendal AP, Pereira MS, Skehel ], edi-
tors. Concepts and procedures for laboratory-based
influenza surveillance. Atlanta, GA: Centers for Dis-
ease Control, 1982:B17-35 p.

Makkoch J, Payungpomn S, Prachayangprecha S, Tan-
tilertcharoen R, Poovorawan Y. Determination of an-
tibody response to the human pandemic influenza
HIN1 2009 among patients with influenza-like ill-
ness and high risk groups. Asian Pac | Aliergy Immunol
2010,28:67-75.

Chen H, Wang Y, Liu W, Zhang ], Dong B, Fan X et
al. Serological survey of pandemic (H1N1) 2009 vi-
rus, Guangxi province, China (letter). Emerg Infect Dis
2009;15:1849-50.

Chen M1, Lee V], Lim WY, Barr IG, Lin RT, Koh GC et
al. 2009 influenza A (H1N1) seroconversion rates
and risk factors among distinct adult cohorts in Sin-
gapore. JAMA 2010;303:1383-91.

Cowling BJ, Chan KH, Fang V], Cheng CK, Fung RO,
Wai W et al. Facemasks and hand hygiene to prevent
influenza transmission in households: a cluster rand-

Volume 28 | Numbar- 6 | December 2010

543



Hurman pandemic influenza (HIN 1) in Thailand

Prachayangprecha S et ai.

21.

22.

23.

24,

omized trial. Ann Internn Med 2009;151:43746.

Mossong ], Hens N, Jit M, Beutels P, Auranen K,
Mikolajczyk R ef al. Social contacts and mixing pat-
terns relevant to the spread of infectious diseases.
PLoS Med 2008;5:e74.

Hancock K, Veguilla V, Lu X, Zhong W, Butler EN,
Sun H ef al. Cross-reactive antibody tesponses to the
2009 pandemic HINT influcnza virus. N Engl ] Med
2009;361:1945-52.

Anderson MR. Analytical theory of epidemics. In:
Krause RM, editor. Biomedical research reports:
emerging infections. 2nd ed. California, CA: Aca-
demic Press, 2000:23-50.

Fraser C, Donnelly CA, Cauchemez S, Hanage WP, Van
Kerkhove MD, Hollingsworth TD et al. Pandemic po-

26.

27.

tential of a strain of influenza A (HIN1): early find-
ings. Science 2009;324:1557-61.

. Nishiura H, Wilson N, Baker MG. Estimating the re-

production number of the novel influenza A virus
(HINl)inasouthem Hemisphere setting: preliminary
estimate in New Zealand. N Z Med ] 2009;122:73-7.

Nishiura H, Castillo-Chavez C, Safan M, Chowell
G. Transmission potential of the new influenza A
(H1IN1) virus and its age-specificity in Japan. Eurosur-
veillance 2009;14:1-4,

Rowe T, Abernathy RA, Hu-Primmmer J, Thompson
WW, Lu X, Lim W et al. Detection of antibody to
avian influenza A (H5N1) virus in human serum by
using a combination of serologic assays. J Clin Micro-
biol 1999;37:937-43.

JHFN



ASIAN PACIFIC JOURNAL OF ALLERGY AND IMMUNOLOGY (2009) 27: 69-77

(RSN PACIFIC IOURNAL OF ALLERGY AND IMMUNOLOGY (2009 27 6077 |

Determination of Antibody Response to
the Human Pandemic Influenza H1N1
2009 among Patients with Influenza-like
lliness and High Risk Groups

Jarika Makkoch', Sunchai Payungporn?, Slinporn Prachayangprecha’, Rachod Tantilertcharoen® and
Yong Poovorawan'

SUMMARY The global population has been exposed to the novel pandemic H1IN1 influenza virus since mid
March 2009, causing the expansion of respiratory illness around the world, including Thailand. To evaluate the an-
tibody titers against human pandemic influenza (H1N1) in Thai people with influenza-like illness (ILI), 45 paired se-
rum samples (acute and convalescent) were subjected to hemagglutination inhibition (HI) test and real-time RT-
PCR. Most serum samples of ILI patients positive by real-time RT-PCR displayed an at least four-fold antibody in-
crease of HI titers against pandemic influenza (H1N1). In addition, to determine cross-reactivity with human sea-
sonal H1N1 influenza, viral antigen from the seasonal HIN1 was used to detect antibody against seasonal HIN1
influenza and all sera showed negative results. We also studied the single sera samples from the high risk medical
personals collected before and after the pandemic influenza (H1N1) outbreaks for antibodies against seasonal H3
influenza virus infection. The results showed lack of cross-reactivity to the human pandemic H1N1 influenza virus.
HI antibody testing to pandemic influenza (H1N1) can be used for the diagnosis, preventive and control measures

of potential outbreaks.

Since mid March 2009, the human pandemic
influenza A virus (HIN1) has emerged continuously,
causing mild to severe respiratory illness. From
Mexico, the outbreak has spread to the United States
and Canada and then expanded throughout the world.
This novel pandemic virus was first discovered by
the Centers of Disease Control and Prevention, Unit-
ed States (US-CDC), who declared the first case of
pandemic influenza infection in the United States in
southern California on April 21, 2009." This pan-
demic virus strain expresses genetic reassortment
among variable subtypes of influenza virus, includ-
ing human seasonal influenza virus, avian influenza
virus, Eurasian and North American (classical) li-
neages of swine influenza virus.>® Furthermore, the

accumulated evidence supports the theory that its
hemagglutinin, one of its antigenic surface proteins,
has originated from classical swine influenza, first
appearing in swine populations in 1918 and that this
triple-reassortant’s antigenic epitope is similar to the
influenza virus having circulated sporadically among
humans for many decades.”” Until now, there have
been over 227,607 laboratory-confirmed cases of
human pandemic influenza virus HINI infection
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with at least 12,220 deaths worldwide.®

As for the outbreak situation in Thailand, the
Bureau of Emerging Infectious diseases, Department
of Disease Control, Thai Ministry of Public Health
documented the first two cases of infection on May
12, 2009.” However, both patients could recover and
return home within a few days after infection. The
first wave of outbreak occurred in several schools in
the Bangkok Metropolitan area and some areas of the
city of Pattaya. Both areas are overcrowded and due
to close contact between people, the virus can be
transmitted from person to person via droplet trans-
mission.® Based on previous research, we have ascer-
tained that the outbreak pattern of human pandemic
influenza is established between mid June to late Ju-
ly of the previous year. The highest peak of the first
outbreak in Thailand is reached in early July. In ad-
dition, this novel pandemic virus usually attacks
children and adolescents between seven to twenty
years old. This pattern of infection is different from
that of seasonal influenza which covers all age

groups.”

The second wave of the human pandemic in-
fluenza outbreak is supposed to be definite. Many
health organizations of the entire world provided
many strategies to prepare themselves for the second
wave of pandemic. Vaccination is one of the effec-
tive strategies for preventing influenza virus infec-
tion. Initially, molecular characterization of the hu-
man pandemic virus has shown that the vaccine for
human seasonal influenza virus (H1N1) cannot boost
the specific antibody against the new strain of virus
due to the distinct antigenic differences between the
human pandemic influenza (HIN1) and human sea-
sonal influenza (HIN1) while the hemagglutinin an-
tigenic property of the human pandemic influenza is
quite similar to the virus isolated from New York in
1976.'%'" We may assume that some people have
pre-existing antibody acquired by infection during
the first wave of outbreak or due to circulation of in-
fluenza viruses with a similar epitope during the past
decades. A study has suggested that people above the
age of 60 years could have the antibody titer required
to combat the novel pandemic strain. Hence, evaluat-
ing the antibody response to human pandemic in-
fluenza (HIN1) among Thai people will be essential
for vaccine management which would be more effec-
tive once the vaccine against the human pandemic

influenza (HIN1) is finally available in the next few
months.

Various candidate assays can be used for de-
tecting specific antibody titers in response to virus,
such as microneutralization (MN) assay, and en-
zyme-linked immunosorbent assay (ELISA). One of
these techniques is hemagglutination inhibition test
(HI test). Among those techniques, microneutraliza-
tion assay is the most laborious and requires exper-
tise for infection of virus into cell culture and inter-
pretation of the cytopathic effect (CPE), whereas
ELISA is easier to process but more expensive and is
occasionally prone to misinterpretation. HI test can
be used for detection of specific antibody blocking
the unique properties of HA to agglutinate the red
blood cells. HI test represents a simple and inexpen-
sive method which would be feasible and attractive
for large-scale analysis.

In this study, we have aimed at evaluating
the antibody titer specific to human pandemic in-
fluenza (HINI) in high risk medical staffs and pa-
tients with influenza-like illness (ILI) during both
acute and convalescent infection in Thailand con-
firmed by real-time RT-PCR to determine if antibo-
dy is produced from acute and convalescent infection
in paired serum samples. Furthermore, we used sin-
gle serum samples to assess cross reactivity between
human pandemic and seasonal influenza virus
(HIN1) in various groups of people. The data and
strategies obtained from this study may be applied
for determination of antibody response to human
pandemic influenza HINI1 prior to and post vaccina-
tion with new vaccine which will be necessary for
vaccine management and evaluation of vaccine effi-
ciency.

MATERIALS AND METHODS
Informed consent and ethical consideration

The project proposal had been approved by
the ethics committee of the Faculty of Medicine,
Chulalongkom University. Patients were informed
about the study objective and their written consent
was obtained prior to specimen collection. Laborato-
ry workers at the Center of Excellence in Clinical
Virology also granted permission for their sera rou-
tinely stored in 2008 to be used in this project.
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Population study

One hundred and sixty-two serum samples
were divided into 5 groups, including:

Group I: Paired sera of ILI patients PCR positive
and negative for human pandemic influenza
(HINI) infection

Forty-five sera (acute and convalescent
paired samples) were available from patients diag-
nosed with acute respiratory tract illness with LI
(Influenza-like illness), which is defined by CDC as
fever (100°F or 37.8°C) with sore throat or cough
without other known causes,'? attending the Out Pa-
tient Department, Chumpare Hospital, Khon Kaen
province, Thailand. The acute sera were collected
within the first 7 days after the onset of symptoms.
The convalescent sera were collected at least 14 days
after the onset of disease. In addition, nasopharyn-
geal swabs were collected from all 45 patients and
screened for the human pandemic influenza (HINI)
by real-time RT-PCR.

Group 1I: Single sera of high risk medical staffs
before outbreak of human pandemic influenza vi-
rus (HIN1)

Twenty single sera had been obtained from
medical staffs at the Center of Excellence in Clinical
Virology, Chulalongkorn University in the year
2008, before the pandemic influenza HINI 2009
outbreak. All had been vaccinated against seasonal
influenza virus for at least 2 years.

Group I1: Single sera of healthy young adults
before the outbreak of human pandemic influenza
virus

Thirty-one stored sera were obtained from
healthy young adults (18-20 years old) in the year
2008, before the outbreak of pandemic influenza
(HINI) 2009. None of them had ever received the
seasonal influenza virus vaccine.

Group 1V: Single sera of high risk medical staffs
after the outbreak of human pandemic influenza
(HINI) '

Forty-two single serum specimens were ob-
tained from laboratory workers at the Center of Ex-
cellence in Clinical Virology, Chulalongkorn Uni-

versity in early December of 2009, after the first
wave of pandemic influenza (HIN1) 2009 outbreak.

Group V: Single sera PCR positive for H3 human
seasonal influenza virus

Five acute and one convalescent sera were
obtained from 6 patients who attended the Out Pa-
tient Department, Chumpare Hospital, Khon Kaen
province, Thailand. The nasopharyngeal swabs ob-
tained from them were confirmed to be infected with
H3 influenza A virus by real-time RT-PCR. The
acute serum samples were collected within 7 days af-
ter the onset of symptoms. The convalescent serum
sample was obtained on the 24™ day after the onset
of symptoms.

These single sera in groups II, I1I, IV and V
were used as control sera to test the cross-reactive
antibody response between seasonal HINI and pan-
demic influenza HINI 2009 virus infection. All
samples were kept at -70°C until tested.

Detection of human pandemic influenza (HIN1)
by real-time RT-PCR

The nasopharyngeal or throat swab samples
of patients with L1 were collected in 2 ml of viral
transport medium and transported in a biohazard ice
box. The specimens were sent within 48 hours to the
Center of Excellence in Clinical Virology for diag-
nosis of the human pandemic influenza (HINI).
Then, 200 p! of nasopharyngeal swab medium was
used for RNA extraction using the Viral Nucleic Ac-
id Extraction Kit (RBC Bioscience Co, Taiwan) fol-
lowing the manufacturer’s recommendation. RNA
obtained from each sample was used as a template
for detection of the human pandemic influenza virus
(HIN1) by real-time RT-PCR with primers and
probes as previously described."® Real-time RT-PCR
was carried out using the SuperScript III Platinum
One-Step RT-PCR system (Invitrogen, Califomia,
USA) and performed on Rotor-Gene 3000 (Corbett
Research, New South Wales, Australia) applying
conditions described previously.’

Virus propagation

The human pandemic influenza (HINI1) and
the human seasonal influenza (HIN1) used as virus
antigen in this study are A/Thailand/CU-H88/09
(CU-H88) and A/Thailand/CU-41/06 (CU-41), re-
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spectively. The viruses were successfully isolated
from the previous outbreaks of influenza virus in
Thailand.>** Then virus propagation for use as viral
antigen was performed by inoculation of the virus
stocks into the allantoic cavity of 10-day-old chick
embryonated eggs. After 48 hours of incubation, the
allantoic fluid was harvested and clarified by centri-
fugation at 1,200 x g for 10 minutes. The allantoic
supernatants were used for determination of the viral
titers by hemagglutination assay (HA) as previously
described."> All virus propagation procedures were
conducted in a bio-safety level 2+ (BSL2+) laboratory.

Hemagglutination inhibition assay

Serum samples were treated with receptor-
destroying enzyme (RDE) produced by Vibrio chole-
rae Ogawa type 558 (Denka Seiken, Co. Ltd.,
Tokyo, Japan) in 1:3 ratios of serum:RDE. The se-

rum/ RDE mixtures were incubated at 37°C for 16
hours. Subsequently, they were heat inactivated at
56°C for 30 minutes followed by addition of 0.85%
vol physiological saline to arrive at a final serum di-
lution of 1/10. The HI assays were performed with
0.5% turkey erythrocytes in V-shaped 96-well mi-
crotiter plates (Greiner Bio-One GmbH, Xrems-
muenster, Austria), as previously described. '*'¢

Data analysis

Data analysis of the real-time PCR assay was
performed using the Rotor-Gene data analysis soft-
ware, Version 6.0 (Corbett research supporting pro-
gram). All results obtained from HI test were photo-
graphed immediately after the end of the process and
then analyzed without bias by the same investigator.
Statistical data were analyzed using SPSS for Win-
dows version 17.0 software package.

Table 1 Paired sera with real-time RT-PCR positive for human pandemic influenza (H1N1)

No. Age Gender Day after Days HI against HI against

symptom pandemic H1N1 seasonal H1N1
(years) onset
Acute Convalescent Acute Convalescent

1 18 F 3 16 320 640 40 40
2 11 F 2 16 40 40 80 20
3 65 F 2 16 10 40 20 10
4 9 F 3 16 20 40 40 40
5 38 M 3 16 20 320 20 10
6 15 F 5 16 20 320 160 20
7 12 F 4 16 40 640 40 40
8 12 F 5 16 10 320 80 10
9 10 F 5 14 20 320 20 10
10 10 M 4 14 20 320 20 20
1" 10 F 4 14 20 20 40 20
12 4 M 2 14 20 640 40 40
13 10 M 2 14 20 320 80 80
14 16 F 3 14 20 320 160 80
15 14 F 3 14 20 1,280 80 20
16 8 F 8 14 20 320 160 20
17 15 M 5 14 10 160 20 40
18 5 M 4 16 20 80 80 10
19 6 M 2 16 10 1,280 20 10
20 10 F 3 16 20 320 80 10
21 14 M 3 16 10 80 40 20
22 7 M 2 16 <10 <10 20 <10
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RESULTS

Comparison of HI titer against human pandemic
influenza (HIN1) and seasonal influenza (HIN1)
in ILI patients with paired sera

Detection of human pandemic influenza (HINI)
Sfrom ILI patients

Based on the real-time RT-PCR diagnosis
performed on nasopharyngeal or throat swab samples
from 45 patients with influenza-like illness, 22 sam-
ples were positive for the human pandemic influenza
(HIN1) whereas another 23 individuals yielded neg-
ative results. Based on these results, patients with IL1
were divided into 2 groups, ie., those positive and
negative for human pandemic influenza (HIN1).

HI titers in ILI patients positive for the human
pandemic influenza (HINI)

Of 45 ILI patients with paired sera, 22 indi-
viduals were positive for the human pandemic in-
fluenza infection. In this group, almost all of the an-
tibody titers against the human pandemic influenza
virus in acute sera (21 in 22 individuals; 95.45%)
ranged from <10 to 40. The geometric mean titer in
this group amounted to 16.82 with a median at 20
while the antibody titer of convalescent sera ranged
from <10 to 1,280. The median was 340. Most con-
valescent sera (20 in 22 samples; 90.90%) exhibited
HI titers > 40 and were considered as evidence of an-
tibody response to the human pandemic influenza
(HINI1). Seventeen patients had significant sero-
conversion or increase in antibody titers (> 4 fold)

+ve human pandemlc"ﬁﬂ'!
(n=22) !

HI titer

- ve human pandemic fin
(n=23)

Hi titer

Fig. 1

the pandemic H1N1 negative PCR resuit.

Sero-conversion of Hi titer in patients with influenza-like iliness (a) Increase in antibody against the
human pandemic flu (H1N1) in patients with the pandemic H1N1 positive PCR result. (b) Antibody ti-
ters against human seasonal flu (H1N1) in patients with the pandemic H1N1 positive PCR result. (c)
Antibody titers against the human pandemic flu (H1N1) virus in patients with the pandemic H1N1
negative PCR result and (d) Antibody titers against human seasonal flu (H1N1) virus in patients with
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while 5 patients had 2-fold or stable HI titers. The
results are summarized in Table [ and the increase in
antibody titers against human pandemic HINI in this
group is illustrated in Fig. la.

As for the HI titer against seasonal HIN1 in-
fluenza virus in ILI patients positive for the human
pandemic influenza (HINI) by real-time RT-PCR,
the HI titer of acute serum samples ranged from 20
to 160 with median values of 46.82 and 40, respec-
tively while the HI titer of convalescent serum sam-
ples ranged from < 10 to 80 with of 21.36 and 20, re-
spectively. The results are summarized in Table 1
and the antibody titers against human seasonal in-
fluenza HINT in this group are illustrated in Fig. 1b.

HI titers in ILI patients negative for the human
pandemic influenza (HINI)

From 45 ILI patients with paired sera, 23

samples were negative for the human pandemic in-
fluenza infection. Most of the antibody titers against
the human pandemic influenza virus in both acute
and convalescent sera (21 in 23 patients; 91.30%)
ranged from < 10 to 40 with median values of 10 and
20, respectively. The sero-conversion against human
pandemic influenza HINI1 2009 virus infection in
this group showed no significant differences in HI ti-
ters (< 4 fold) between acute and convalescent sera,
which signified negative HI titers. The antibody ti-
ters against human pandemic influenza (HINI) in
this group are shown in Table 2 and Fig. lc.

As for the HI titer against seasonal HINI in-
fluenza virus in ILI patients negative for the human
pandemic influenza (HINI) strain, almost every pa-
tient in this group (19 in 23 patients; 82.61%) al-
ready had antibody response to seasonal HINT1 in-
fluenza virus. The HI titers against seasonal HINI

Table 2 Paired sera with real-time RT-PCR negative for human pandemic influenza (H1N1)
No. Age  Gender Day after Days HI against HI against
(years)  (WF) sy::][;:;m pandemic H1N1 seasonal HIN1
Acute Convalescent Acute Convalescent
23 5 M 2 16 <10 <10 40 20
24 15 F 3 16 <10 <10 160 40
25 5 M 3 16 40 40 20 20
26 13 M 2 16 <10 <10 80 20
27 24 F 4 14 320 320 80 20
28 1 F 5 14 20 20 80 80
23 4 F 4 14 40 20 80 80
30 46 F 8 14 <10 <10 <10 <10
31 1 M 2 14 10 10 20 20
32 34 F 5 34 <10 <10 80 80
33 13 F 4 15 <10 <10 40 40
34 9 M 1 13 40 20 80 40
35 57 F 18 12 1,280 1,280 40 40
36 5 F 4 12 10 10 40 40
37 10 M 1 15 10 10 80 20
38 8 M 6 12 10 <10 40 20
39 1 M 5 14 10 10 40 160
40 10 M 5 14 10 <10 20 40
41 10 M 5 14 10 <10 40 10
42 0.75 F 7 14 10 10 40 20
43 0.08 F 5 14 10 10 10 10
44 7 M 3 14 10 <10 80 80
45 15 F 5 14 20 10 80 80
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ranged from <10 to 160 both in acute and convales-
cent sera with median values for both at 40. The an-
tibody titers against human pandemic influenza
HIN1 2009 in this group are shown in Table 2 and
Fig. 1d.

Comparison of HI titers against human pandemic
influenza (HIN1) among single sera and antigenic
cross reactivity to human HiN1 influenza virus

In order to test for cross reactive antibodies
between the human pandemic influenza (HIN1) and
seasonal influenza (HIN1), 78 single cross sectional
sera were collected and divided into 4 groups
(groups II-IV as described above).

The HI test results for human pandemic in-
fluenza (HINL) revealed that all samples from high
risk medical staffs (group II, n = 20) and healthy
young adults (group III, n = 31) collected before the
outbreak of human pandemic influenza (HINI) had

antibody titers below 40 (ranging from < 10 to 20).
Comparison of the HI titers against seasonal influen-
za between group II with all individuals vaccinated
against seasonal influenza virus for at least 2 years
and group III with no-one ever vaccinated against
seasonal influenza, showed the geometric mean titers
of these 2 groups at 94.17 and 34.82, respectively
(data not shown). Most samples (32 in 42 individu-
als; 76.20%) from high risk medical staffs collected
after the outbreaks of human pandemic influenza
(HINI) showed positive HI titers (> 40) against the
HINI1 human pandemic influenza (Fig. 2). Likewise,
none of six serum samples with their respective na-
sopharyngeal swabs positive for H3, displayed any
HI titers (HI titer < 10; Fig. 2) against either human
pandemic influenza or seasonal influenza (HINI).
Based on the HI assays, we concluded that there is
no cross reactivity between human pandemic in-
fluenza virus (HIN1) and seasonal HIN1 or H3N2
influenza viruses.
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Fig.2 Antibody titers against the human pandemic influenza (H1N1) in single sera obtained from various

groups. Group ll: Single sera of high risk medical personals before outbreak of human pandemic in-
fluenza virus (n = 20); Group lll: Single sera of healthy young aduits before the outbreak of human
pandemic influenza (n = 31); Group IV: Single sera of high risk medical personals after the outbreak
of human pandemic influenza (n = 42); Group V: Single sera PCR positive for H3 human seasonal in-
fluenza virus (n = 6). Black circles and a hallow circle represent samples from acute and convales-
cent sera, respectively.
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DISCUSSION

In this study, we performed the HI test in
paired serum samples of ILI patients to detect the
different titers against human pandemic HINI in-
fluenza virus. All paired serum samples were sepa-
rated into 2 groups according to real-time RT-PCR
results, i.e., sera positive and sera negative for hu-
man pandemic influenza HIN1 2009 virus infection.
Based on HI assays for pandemic influenza
(A/Thailand/CU-H88/2009), most serum samples
positive for pandemic human influenza HINI 2009
displayed significant (> 4-fold) sero-conversion.
Most HI titers in acute sera were defined as negative
(< 40) whereas the convalescent sera produced posi-
tive HI titers (> 40). In contrast, all serum samples
negative for human pandemic influenza HINI 2009
by real-time RT-PCR demonstrated stationary or de-
creased HI titers against human pandemic influenza
HIN12009 virus. The HI titers against seasonal
HINI virus (A/Thailand/CU-41/2006) in 2 groups of
serum were not significantly different and presented
low titers. These results allowed for the conclusion
that the HI test, which is the standard test and rec-
ommended by WHO, is reliable for serological diag-
nosis in people infected with human pandemic in-
fluenza virus (HIN1) and HI titers in acute and con-
valescent sera would show at least a4-fold increase.

There were 2 cases in the ILI group negative
for human pandemic influenza HIN1 2009 by real-
time RT-PCR which should be considered. These
cases showed high but stationary HI titers in paired
serum samples (320-320 and 1280-1280). The 2 pa-
tients were supposed to be infected with the human
pandemic HINI influenza virus prior to serum sam-
pling and the influenza-like illness was caused by in-
fections with other viruses, such as parainfluenza vi-
rus, adenovirus etc. On the other hand, this patient,
who was a teenager, may have been admitted and the
nasopharyngeal swab for real-time RT-PCR detec-
tion and serum for HI test may have been obtained
after he had already been infected for several days.
Applying real-time RT-PCR, viral load can be de-
tected within 15 days after onset of symptoms "', or
within 5-6 days if the patient was treated with the an-
tiviral drug Oseltamivir '® while the antibody titer
would normally rise between 14-28 days after infec-
tion. '* The finding also found in perinatal infection
with the antibody rising in the third to forth week. %

To ensure the HI test’s specificity for human
pandemic influenza HIN1 2009, we tested for cross-
reactivity against pandemic influenza. The single se-
ra collected before the outbreak, were subjected to
HI test for either human pandemic influenza (HIN1)
or seasonal influenza (HINI). The results shown in
Fig. 2 suggest that there was no cross-reactivity be-
tween the two virus strains. As for high risk health-
care staff, there were 10 pairs of sera collected from
the same individuals in 2008 and 2009. According to
the HI test, the HI titers increased significantly be-
tween 2008 and 2009. Many of the sera collected in
2009 already had the antibody against human pan-
demic influenza which may have been caused by
close contact with patients. These members of the
medical staff may also have applied various strate-
gies protecting themselves from symptomatic virus
infection. Due to lack of cross-reactivity against
pandemic HINI, the seasonal influenza vaccine
could not protect anyone from the human pandemic
HINI.

[n conclusion, our results have shown lack of
cross reactivity in antibody titers obtained from HI
test between the human pandemic influenza (HIN1)
and seasonal influenza (HINI). Moreover, compari-
son of the HI results between acute and convalescent
sera have shown a significant increase in the specific
antibody titers against human pandemic influenza
(HINI). Therefore, the strategies applied in this
study may be used to determine the antibody re-
sponse to human pandemic influenza HINI prior to
and post vaccination with new vaccine which will be
necessary for vaccine management and evaluation of
vaccine efficiency.
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