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WA DRBO YA NAKBESBECE L Z LBHL
M ip o7, Real time PCREZHWVWTEE L

B AL THRNMATATE FIZ LB REL~D
BN EZ2->TEBY, BREUANLAZ, KVAT
T e FOENEHMICERA THOEBROSBE T
HEBIIIEA ERoT, TIROHAT 7 F RO
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UNF-k BEEEDOE T 2R LS, £ORET, BT
LFoTRERY, ZOEDPLHARAMLLAT AT E FIZX
HARTEALBRROBEREENRLBETHDL I EHRS
Nz, IL-1 B AR, RV REEHHOR S
R A NADOT ROV 7 F L OBREIT. BER
WL BEERLE, £, /4 NROBEEM
THh HTHP-THIIBIZ A T 7 F 2 M L= E5RiCk
WTh, A 7 PREEEERFORBRIZK
XRENDSEZERELEISDED L, KiE
FTOHAY 7 F U RHZIE 2 DR DED A TIEe <,
REFEENCENDHLFREELH D, EEZLN
77

E. f#

AR TIE. BARATHEROHE A 7o W

Uy Fr (RELERFU 7 FY) OFELEETHE
FiEE LT, UIZFUFDU A LRk FDHRR,

B ORELZRIET D HFEC O W THRN L, .
Uy F LB a7y — A ONF-«BIEMESR

REBEIC L-REFERNOFIMBLHEEL, 2
NHOFEEZRWNT, BRFY 7 F U OREELES
atA, VIFrHROTANARFOMERE LVE
BUCTT A Z N TE, b 320K EE,

BEFRRINTWAHRY 7 F U ICBERLTEONE
BRI, BECEEL W, Thbb, RTRIR
PR TV AR, BEBOSEELES T, HE
BRI LT IVT & FIZ L3RR D7 £,
A V7T YRR E R T ORENERL I
TWERAR ST, Thbb, BECEHEMRESEHE

Thb, FAAEEERARE AMERBTIHIZEAL
ERBDOENLWVARDAL TNV o YFHAY 7 F
M, BIZHEROBWZE EE LT, REFERES
WERDAZ L 2TBTOERLELN,

F. REEREH



L

G. 5}1‘ R
1. XEER: HERROTTICEAT 2 —EXRSR
(p13)
2. FEIFEFK
M EZ
H3TE  HASREYERE - FIRES
2008412 H

B BT, S dEe R ORAE

E5TE HA YA N AEREMES
20094E10A4

JRE B—. R B2

o7 BARUA NAFERFMESR

20094£10

A EZ

H3sE AAREERRE - FTES
2009&12)@

H. 589FTAHED HFE - BERI
2L,



BAFBERFHEEMYE (BES  BFRERRELX2T M =¥ A = AREUIEFESR)
wamEtmE
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RIESTAZRE L, TORE. REAELY Lz U A )V AORIE SR & ERLF FRICBHEREL
RO NN, ELIEREROFTEICLED VA NVARTOHERECERD72HIC, BEKE
RE L CRIESTABE LR, RELLEZARAL 7l (HINL, HIN2) OFRIESARILR
ELE LEWBEESIEIER—CE R R b2 -7, B BB, RELLEREITERRHICLSE
RIESTOELIZR bNAR -0, REERRABORKIIRBEIC L DRIESH ¥ — PR L
Fro DIFLvORBEBR~DRRAEZEZ., ZODSLEEV AT LOHERELHREMEZRY XF L
EER A ERA LU CEE L, SOICENA—I—44402 0 0 9EESEHAA 7V Y HA T Y
F L 8IK| (A/HINI, A/H3N2, B) ORIENSHPEELZEM L., ST RitE Lz, TORR, MET AT
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Z. VAT A SRBEMRNBHD I EERLE, —FH, AU 7 F 03, TXTORIETH OB
BN, BETTNTENHERTHL I EPHHA L, £2<FA—0OY T Tho THRIERE
R AST RS 2, BHEPSKFORESMGOL I REVERMIELNR -7, LIHL, Zhb
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RTI4TN UYRERE LT, BIEERNTRIE,
BEINTWVAERA L IAZ L HF T T F U, ik
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F U ORFRTOKRE SERFTRELEL, 170
TWY T F L ORLE ST 2 B EEELE &2 RV Tl
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\ZT B ORI S E L, WREEL., WIFEE
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PR E L CEATE S0, AU 75
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F—FEAFFEERO LI ITRE LT,

cHIERF AT FEOBRE . 300X10°
CHIERASRL IR 20%
CHER—ATAVEE 1 5%

A NARFREDHE. P2ES U — 0 XU FRNIZEH)
RIREELEBZREBEL, O Y TRHICTH T U
7 EBIEEER LU RIEE 4 0 p L ZEER AR
WWERL, BB LT20COEECEY FLE, 54
%, BEEEE L, BEFELAEORAERER 3 EIC
B2 S8 L CROFIECBEFRRAE2FER L7, 1
500 ul OBEEZRY Fa L@ ORI KB
(20C) 2B, 1 oM@EFEREZ, RO HL,
FO—# (40 pul) ZEBRLUAEICHWZ, 6125
W BERLE (550 L, 2o—H%Z#E LT,
E#iC, BiEREEE, BFEaE (558) LAEL
Too T BREBULER 1 OE#RYE LT 1 BRIEOHE
BT LT, BT TIL.PBS D EITR L ¥EE = T NN,
1. 3330 & 1. 0190 & L7z, A 7TV HADU T
VBIEDEE., BIEEMT 2 0 COREEREICEELE
FL, U7 AEARNMCERAK (5mL) AW
T, TAEL—&—T WE[HEHEL, v —F—r—
MERNT EEHERAL, YN TE LT3 5%IICHl
E xR LT,
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A9 eHEEL (DLS) HE T, 77 vV EH L TV ARG
MBI OBELC B L, JEBERECE #14 L TR
DOWAENZHEELE R) 2RDDZENTES, T
DF R TIIHRIF O EIXBERN 2, BB /RT A
— = IR ORE (n) LEHE () OHRT,
A NRREOYE CESCEITRR E) BRI
B FORBRRECHEFCE LA LML, £
PEREICABEL2LE LT, MERMbIEEICE
B CH o7, BESRRET — & (IHEICRIE R
(EAFHE) | Htlha AR CHER L, i EkELR
E (), FE/EE(/R), #HE (I/R) O3FEDE—
RTHERLE, RBOFRBARA LV INZ T A N
KESHORNE CRHEERREZ, AU F L ORES
TS ENBEE 2570, HERREERLI,
(1)  UAINARE L REOZHE

BN EELRIE 2> 58 S 2 AN FEEREE (R)
D, —#IZ R (BELEE) >R (BE) >R &)

AR, EHELRY XF LT (6 0mm) &
LTI I AR (ATUHIND ORIESEHIE
MHFER L, £, BoNRESMIZ. Wb
H—t—7 OnMERLE, VANV ADEESHH R
1311 0mm CE¥EESS5nmXx2) EftESh, &
NWIETRENRFAIA N AOHE (80-1 2 Onm) Of
HHNDOETH-7mZ &b, ZORMESHBT A LR
KA DORLESHTHD LYW LTz, 3FEOVANLA
MRICARNV LT AT e KEMAZ, 4°CT4 0 BEAQEL
FERTELT A VAL RUBBD T A NV AZDOWT, HE
S3F 2 ENE LR R (nm) X, AZYHING
110 (RFELHY), 109. 2 (REZL) ; AR
H3N2: 110 (RiEkdHD), 117 (RiE{E7eL) ;B
111 (REEHY), 108 (REkARL) Th
ST, PEAE L7z 3SFEEO T A VAD T A IV RIK
1210 0nm~2 0 0 Onm DOFEECHER SEERD
FIESRE ENTZN, ESMEHKRL TTE A CER
TEXBBTH-7 (0. 1%LTF), —FH, RiE{bxE
BE LR A NARITIEHRB ST, BRHERALL
TThote, FHRBRLSMOIIIZE A ER— DR
ERBonf-Z 0t BRRICER LAV AT AT
B REE (0. 1% ZRWEREIZY A LV ARIES
TICHBELRITI R oTn, RAVLT LT E RRTA
W AR FRREDOENEFEZ TS
7292, ARIHINI, AR H3N2, BEIOKZ T A L ZADR
EALAER L RIE DO D A NV AIZDONWT, BEREZ—E
FHETERHE L, TORESHEEZRE L, M55k
BALEEAT 5720, HERFICRA THERERR
Uiz, BEHEHREEZZETC1LoM. 55H. 54/
ONEIZHRE U7z, HINT (RIE(EZ2 L) TiRBREHET T
INSREERPBRAI SR, 1 oHEOBRIZL Y HE
LTz, Bl RRIESMOAERIIZRL . EMOEIX
FEACBES N oT-, HINT (RiE kDY) LR
ST CIIEES A B SN, BHIC X 0 EH5 M0 kL
OB =/ My OB ERD -7, T, 20
nm T O /Ny A P RR ST BRI AS N3 B2 fE v, BIEE(R
THRBH SRR, EHOELITIEEALBEIR
R oTe, HINZ IEESF UMK E W H N EE
Sh, BEE., Zo5WEELLER, E5H3F—
VIZEIZR O N hnoT, B (RIELH D) (THREHET
WESMOERINDABBRI S, BE %L M
= Thole, ENHOEMNMITH N7, B R
k22 L) REENCESA LD Bl & R ERERNE
Blani=n, BREEZIZHEE L, EO/MIZRE 148
THRESMAEA L, 00 L D RER/NZ WG N
R LTZEBEZ ONDHH/NE — BB S iz,
(2) TR EDLS D9 0° BELLRE

AFEOY 7 (BFEFHAK. BE®10 0nmdRY
AF Ly PS)IEHERI T, WEA— D —2DA TN
TYPHATY 7 FUREAD) #HCT, AHXD90°
BELRE L AEE NV OIREDOEEO 8 HRIDOT —#



ERE-F—%E L, BELEEIZT300Xx10°8
A MR BEIICABELEERE L, RS
B BAKIZ R, 7 ) A4 XA ELNRE ORFE A )
(4007 MRE) MSEALEN L 2RERL
7o, EERIZE L AKOBRICOWTIEL. VWK, BF
BHAK, BHFEBREREFER, BELBRE D
AR, WEOH—M, HNFE (F&: 20ml) O
AT, RTESAARER TV, RY ZF L (PS)
R CIE 8 DRNC AL 7 ) A R X 0 F— Z 5,
WAS3EZER STz, PSR F DBGEENC L 16 I
B CHEELDGIC R S, K 2 OEE T/ S 2R iRE
(10Hh v b OEEBEABE SN, 2201
TN UWHAY 7 F U BIAITCIE. T2 EHNLSELE
U, SREIEICENDD Z G, KB —
RANA T E— 7 BRHONICRABIZRE D T LA
MR LT,

(3) LO¥EE L {EHE

EBRICER LR E SR O E & mEME AR ER
YAF L UBF (EEL 00+ 3nm, NISTAGER) %
BAWTH~AE, AlERLEROBESRMGETI 1BEKL
7o FOMKE. 1 1RO FEEROMEMTIZIE—E
TEHBRENEFICEP o=, MEINDRLTF ORI
BRE— ({(RZE: + 3m) Hi-oTHoBOERADHR
EOBE., BrxOERICER L-EECIIBEERMEDO X
WHRBIBEEAE O, AIBREN TWE T LT Y X L4
BRIZ & 0 WD CIEREICER - EBRHE S N, %
TR/ E— U BELI, T T OREE
DEBERICERTX DI ENHERIN, KIZ, 0
FORESFBEDOHEE LT, 100 pg/mLOEHE
PSHiF (B ©:60 ome @: 200 mm) &2
HOEBRAGWOBEEEM L, TNENORE ST
IS, BOBOBAIL. ENENO¥EEN 3 1. 1nm,
99.5m&MESI, FFEICHEIWEIEGONT,
—F. HBERBASMOBAET ISR NE S,
FOHMOREXRIIZENFN, 21.0 nmm& 8 7.
8 nm FARESH, HOBMOBFEDT 0%~ 8 0 %IZH
MUt Eio. BEOHREL LT, O0ofitgiak<
20 QOITELS B LTz, ZOREENS, DLSIEIZ LD
LR DRESHRE CIXESBROGE O®EVE
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ABSTRACT

Background: HSN2 avian influenza virus infection of humans has not been reported thus far. The first HSN2
avian influenza infection of poultry in Japan occurred in Ibaraki.

Methods: The subjects were workers at 35 chicken farms in Ibaraki Prefecture, where the H5N2 virus or antibody
was isolated from chickens. None of the subjects exhibited influenza symptoms. The H5N2-neutralizing antibody
titers of the first and second paired sera samples were compared. To investigate the possible factors for this
increase, the HSN2-neutralizing antibody titer (1:40 or more) was calculated for the second samples. A logistic
regression analysis was performed to examine the association of these factors with H5N2-neutralizing antibody
positivity.

Results: We performed Wilcoxon matched-pairs signed-ranked test on data collected from 257 subjects, and
determined that the HSN2 antibody titers of the second paired sera samples were significantly higher than those of
the first samples (P < 0.001). The HSN2 antibody titers of paired sera of 13 subjects without a history of seasonal
influenza vaccination within the previous 12 months increased 4-fold or more. The percentage of antibody
positivity was 32% for subjects with a history of seasonal influenza vaccination (28% of all subjects) and 13% for
those without a history of the same. The adjusted odds ratio of HSN2-neutralizing antibody positivity was 4.6 (95%
confidence interval: 1.6-13.7) for those aged over 40 and 3.1 (95% confidence interval: 1.6-6.1) for those with a
history of seasonal influenza vaccination within the previous 12 months.

Conclusion: The results suggest that this may have been the first avian influenza HSN2 infection of poultry to
affect humans. A history of seasonal influenza vaccination might be associated with H5N2-neutralizing antibody
positivity.

Key words: Influenza, Human Influenza, H5N2, Neutralization Tests, Vaccination.

INTRODUCTION

Highly pathogenic avian influenza is currently prevalent in
pouliry worldwide. The H5N2 as well as HSN1 subtype of the
avian influenza virus is also found to infect poultry. Highly
pathogenic avian influenza infection may become pandemic
through a virus mutation or reassortment in the future;
therefore, control of avian influenza infection has been

recognized as a public health issue of importance on a global
scale.

Ibaraki Prefecture is located in the northeast of Tokyo,
Japan, and has a population of 3 million. The chicken
population in chicken farms in this prefecture is 11 million-
the largest among all the prefectures in Japan. In June 2005,
the anti-HSN2 avian influenza A antibody was isolated from
a chicken on a farm in this prefecture for the first time in
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Japan.l'3 By December 2005, the virus was isolated or an
anti-HS antibody was identified from chickens in 40 chicken
farms in Ibaraki Prefecture and in 1 chicken farm in Saitama
Prefecture. The isolates were closely related to the Guatemala
strain®* with high homology with regard to the nucleotide
sequences, and the prototype strain was designated A/
chicken/Ibaraki/ 1/2005(H5N2).5 As in earlier cases in Taiwan
and South Korea, in Japan too, the chickens at these farms
where the HS5N2 virus or antibody was detected were
destroyed and disposed of. In Ibaraki, 5.7 million chickens
were culled.

To date, no cases of HSN2 avian influenza type A virus
infection in humans have been reported.6 Considering the fact
that the avian influenza H5N1 virus has been transmitted
from poultry to humans,’ it is not surprising that HSN2 avian
influenza virus infections would also be transmitted from
infected poultry to human beings.

In the case of inhabitants with high avian influenza
antibody titers, the cross-reactivity by infection or inoculation
with a seasonal influenza virus as well as an avian influenza
infection is considered to be a possible cause of the increased
antibody titer. Myers et al, however, reported that human
influenza vaccination in the previous 3 years was not
associated with elevated titers against viral subtypes H5, Hé,
H7, and H9.3 No studies have reported an increase in the
HS5N2 avian influenza antibody titers as a result of seasonal
influenza vaccination of humans.

This investigation was undertaken to ascertain whether
there were suspected cases of H5N2 human infection in
H5N2 virus-positive chicken farms. In addition, we examined
whether the increased antibody titer was associated with
factors such as a history of seasonal influenza vaccination.

METHODS

Subjects

In Ibaraki Prefecture, from June through December 2005, the
virus was isolated or anti-H5 antibody was identified from
chickens on 40 chicken farms. No chickens in these yards
exhibited symptoms, except for a temporary drop in the egg-
laying rate at the farm where the antibody was first detected.
A total of 332 workers (210 males and 122 females) were
employed on these 40 farms, and they were at risk of
exposure to the infected chickens.

The subjects were 311 workers (199 males and 112
females) who worked at 35 chicken farms where the virus
was isolated or anti-HS antibody was identified in chickens
from June through November 2005; they were at risk of
exposure to the virus. No subjects had symptoms that
indicated an influenza viral infection. Human influenza rapid
diagnostic tests and human influenza HS virus-specific PCR
showed that all the pharyngeal swabs of workers on the
chicken farms were negative for the virus.!? In the 35 farms,

the number of exposed farm workers was over 20 in 4
chicken farms.

Data Collection and Serological Tests

When the HSN2 virus or antibody was detected in chickens
on a farm, public health nurses affiliated with any of the 4
public health centers of the Ibaraki Prefectural Government
immediately checked on the people associated with the farm,
using a questionnaire to record age, sex, current symptoms,
history of vaccination against seasonal influenza since 2004,
and the time in case of vaccination.

During the 2004-2005 influenza season, the composition of
trivalent vaccines with which most of the chicken farm
workers were vaccinated was A//New Caledonia/20/
99(H1IN1), A/Wyoming/3/2003(H3N2), and B/Shanghai/361/
2002, while the composition for the 2005-2006 influenza
season during which some of the chicken farm workers were
vaccinated was A//New Caledonia/20/99(HIN1), A/New
York/55/2004(H3N2), and B/Shanghai/361/2002.

Paired serum samples were collected from the subjects by
public health nurses employed by the government at intervals
of at least 4 weeks and up to 2 months. The peak of the
influenza antibody titers generally occurs 4-7 weeks after an
infection.? The first blood samples of paired sera were
obtained immediately after the HSN2 virus or antibody was
detected in chickens on the aforementioned chicken farm. In
most cases, however, these chickens exhibited no symptoms
and the first samples of paired sera were collected when the
HSN2 virus was no longer detected in them. A certain period
of time might have elapsed after exposure to the infected
chickens.

Measurement of the neutralization titer of the antibody
against avian influenza virus  A/chicken/Ibaraki/1/
2005(H5N2) was performed at the National Institute of
Infectious Diseases according to the method previously
described.!® The neutralization titer was expressed as the
highest dilution rate that inhibited a 50% tissue culture
infection dose. The antibody titers were measured at least
twice for confirmation.

Statistical Analyses

The proportions of subjects with seasonal influenza
vaccination were calculated according to the subject’s age.
Chi-square tests were used to examine the differences with
regard to sex and histories of seasonal influenza vaccination
within the previous 12 months, among the age classes. The
number of chicken farms where the HSN2 virus or antibody
was detected in the chickens and the number of employees on
these farms were tabulated for each month.

H5N2 antibody titers of the first and second paired sera
samples were compared for each subject and totaled. To
determine whether a subject was infected by the HSN2 virus,
the following criterion was considered noteworthy: a 4-fold
or greater rise in the neutralizing antibody titer in paired sera.
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The geometric mean of the antibody titer of the first and
second samples of the subjects’ paired sera was calculated
and then compared using the Wilcoxon matched-pairs signed-
rank test.

Positive rates of the H5N2-neutralizing antibody in the
second paired sera samples were also calculated according to
age and history of seasonal influenza vaccination within the
previous 12 months. A neutralizing antibody titer of 1:40 or
more was used as a criterion for determining the positivity of
a neutralizing antibody because the criterion for determining
the positivity of an H5N2-neutralizing antibody for a single
serum had not yet been established.

Crude odds ratios (ORs) and their 95% confidence
intervals (Cls) were estimated by variables. Unconditional
logistic regression analyses were performed using sex,
categorized age, chicken farm categorized by the number of
workers, and history of seasonal influenza vaccination as
independent variables, and adjusted ORs and their 95% Cls
were estimated by variables, to examine their association with
a neutralizing antibody that was positive against the H5N2
virus.

Statistical analyses were performed using Dr. SPSs® 11.0J
for Windows software (SPSS Inc., Chicago, IL, USA).

Ethical Issues

The Ibaraki Prefectural Government established a research
committee for the implementation of this study. Approval of
the Ibaraki Joint Committee for Ethical Review of
Epidemiological Research was obtained on April 17, 2006. A
written explanation was provided to each subject and his
signed consent was obtained.

Table 1. Charasteristics of the study subjects

RESULTS

We excluded subjects who failed to provide paired sera or
appropriate data. Thus, 257 people (83%) were analyzed;
Table 1 shows their characteristics. Seasonal influenza
vaccinations had been administered to 28% of the subjects.
No significant differences were found with regard to the
history of seasonal influenza vaccination among different age
classes. A smaller number of females were included in the
younger age groups.

Table 2 shows the number of chicken farms where the
HSN2 virus or antibody was detected in the chickens for each
month and the number of persons employed at these farms.

The interval between the time at which the H5N2 virus or
antibody was detected in the chickens on these farms and the
time at which the first sample was collected from the workers
was an average of 1.6 days and a maximum of 5 days. The
shortest and longest intervals for sampling of paired sera were
28 and 63 days, respectively. Table 3 shows the relationship
between the first and second samples of the paired sera in
terms of the HSN2 antibody titers. A 4-fold or greater increase
in antibody titers was observed in the paired sera of 20 chicken
farm employees; 13 (65%) had no history of seasonal
influenza vaccination in the previous 12 months. In 65
subjects (including the abovementioned 20), either a 4-fold or
greater increase in the antibody titer of paired sera was
observed, or the antibody titer of the first or second samples of
paired sera was 1:40 or greater. HSN2 antibody titers of the
second samples of paired sera of the subjects were
significantly higher than those of the first samples when
examined by a Wilcoxon matched-pairs signed-rank test (P <

Age (year) Subjects with a history of
seasonal influenza
vaccination within the
<29 30-39 40-49 50-59 60< Total P-value* previous 12 months (%)
Total 32 33 39 61 257 71 (28)
Sex
Males 26 27 28 34 171 0.02 44 (26)
Females 6 6 11 27 86 27 (31)
History of seasonal influenza
vaccination in the previous 12
months (%) .
Yes 9(28) 6(18) 10(26) 27(29) 19(31) 71 (28) 0.72
No 23(72) 27(82) 29(74) B5(71) 42(69) 186(72)

* : P-value for the difference among age classes according to variables by the Chi-square test

Table 2. Number of chicken yards where the H5N2 virus or antibody was detected in the chickens and the number of
subjects employed on these yards according to the month, in 2005.

June July August September October November Total
Chicken yards* 6 3 12 9 1 4 35
Subjects 25 18 120 37 5 52 257

* : No. of chicken yards where the HSN2 virus or antibody was detected in the chickens for a given month
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Table 3. Relationship between the first and second paired sera samples of subjects, with regard to the H5N2 antibody

titers.
Neutralizing antibody
Four-fold or greater increase in antibody titers
Second samples
Without a history of
Firstsamples <10 10 20 40 80 160 320< Total viiéi‘;?.ih'ﬁﬂ?ﬁﬂﬁﬁe
previous 12 months
<10 80 44 30 5 1 6 5
10 1M 14 50 36 10 1 1 8
20 29 6 12 10 1 1 0
40 21 4 6 6 4 1 1 0
80 10 1 1 3 2 2 1 1 0
160 3 2 1 0 0
320< 2 1 2 0 0
Total 257 59 91 59 30 11 4 3 20 13
Geometric mean titer 11,4 14.0 P-vaiue* = 0.000

* : P-value for the difference between the first and second samples based on Wilcoxon matched-pairs signed-rank test

Table 4. Positive rate of H5N2-neutralizing antibody titer of the second paired sera samples according to age and
histories of seasonal influenza vaccination within the previous 12 months.

Neutralizing antibody positive* / Total (%)

Age (year) <29 30-39 40-49 50-59 60< Total
Total 4/32 (13) 0/33 (0) 10/39 (26) 23/92 (25) 11/92 (18) 48/257 (19)
History of seasonal influenza vaccination within the previous 12 months
Yes 4/8 (44) 0/6 (0) 4/10 (40) 10/27 (37) 5/19 (26) 23/71 (32)
No 0/23 (0) 0/27 (0) 6/29 (21) 13/65 (20) 6/42 (14) 25/186 (13)

* - Subjects whose neutralizing antibody titer for the second paired sera samples is 1:40 or more

0.001).

Table 4 shows the percentage of positive HSN2-neutralizing
antibody titers of the second samples stratified by age and
history of seasonal influenza vaccination within the previous
12 months. A positive rate of 32% was observed for subjects
with a history of seasonal influenza vaccination within the
previous 12 months, and it was 13% for those without a
history of the same. In each of the age classes, the positive rate
was also higher for those with a history of seasonal influenza
vaccination within the previous 12 months than for those
without. The positive rate was more likely to be higher among
subjects aged over 40 than among those under 40. Therefore,
the subjects were divided into those who were older than 40
and under 40 years of age. There were no antibody-positive
subjects among those who were under 40 and did not have a
history of seasonal influenza vaccination within the previous
12 months. Multivariate logistic regression analyses revealed
that the adjusted OR for the positivity of HSN2-neutralizing
antibody was 4.6 (95% CI: 1.6-13.7) for those aged over 40
years and 3.1 (95% CI: 1.6-6.1) for those with a history of
seasonal influenza vaccinations within the previous 12 months
(Table 5).

DISCUSSION

In this study, it has been shown that the HSN2 antibody titer
increased significantly in the paired sera of workers at the
chicken farms where the virus or specific antibody was
identified, and that the H5N2 antibody titers of the paired sera
of 13 workers at the chicken farms who had no history of
seasonal influenza vaccination in the previous 12 months also
showed a 4-fold or greater increase. Some subjects also had
an H5N2 antibody titer of 1:40 or more. The results with a
single serum sample showed that the positive rate for HSN2
neutralization antibody titer was significantly higher for those
with a history of seasonal influenza vaccination in the
previous 12 months and for those older than 40 years,
although no significant differences were found with regard to
the history of seasonal influenza vaccinations among age
classes.

These data suggested that an avian-derived HS5SN2
influenza virus might infect humans through exposure to
infected chickens. Four strains of avian influenza A virus-
H5N1,” H7N3,!! H7N7,!2 and HON2'3-are known to infect
humans. Although the H5SN2 subtype of the avian influenza
virus has been found in the United States, Mexico, Italy,
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Table 5. Odds ratios for positivity of H5N2-neutralizing antibody titers according to variables.

No. of cases positive

Crude odds ratio Adjusted odds ratio?

No. at risk fg;trilggé;ali?&)? (95% Cl) (95% CI)

Sex

Male 171 32 (19) 1.00 (reference) 1.00 (reference)

Female 86 16 (19) 0.99 (0.51-1.93) 0.73 (0.35-1.51)
Age (year)

<39 65 4 (6) 1.00 (reference) 1.00 (reference)

40< 192 44 (23) 4.5(1.56-13.2) 4.6 (1.56-13.7)
Number of workers in the chicken farm

<19 1687 30 (19) 1.00 (reference) 1.00 (reference)

20< 100 18 (18) 0.92 (0.49-1.78) 0.86 (0.42-1.76)
History of seasonal influenza vaccination within the previous 12 months

Yes 71 23 (32) 3.1 (1.61-5.9) 3.1(1.59-6.1)

No 186 25 (13) 1.00 (reference) 1.00 (reference)

* : Subjects whose neutralizing antibody titer for the second paired sera samples is 1:40 or more
1 : Multivariable logistic regression model was adjusted for variables listed in the Table.

CI: confidence interval

Taiwan, and South Korea, thus far, there has been no report of
this virus subtype infecting humans.®

The HSNI virus has been responsible for the greatest
number of human influenza cases with very severe disease
and the highest mortality rate. Infection of humans with
H7N3, H7N7, and H9N2 viruses has resulted in mild
symptoms and, very rarely, in severe illness. The H5N2
influenza virus did not result in death of the infected
chickensl'3, and no worker at the chicken farms in Ibaraki
had symptoms that indicated a viral influenza infection, The
increase in the antibody titers of the 13 workers was
moderate: the amount of H5N2 virus on the chicken farms
might be small or viral transmission or its pathogenic ability
to inflict humans might be weak. On the other hand, the
H5N2 virus in poultry later gained accentuated virulence in
the United States!* and Mexico.!® Because this virus can
become highly virulent against chickens, it may also prove to
be highly virulent against humans. Although we should take
utmost precautions against the HSN1 virus as the causative
agent of an influenza pandemic, we cannot exclude the
possibility that other influenza viruses may also cause the
disease.

In the current study, the single serum specimen showed that
the positive rate of the HSN2 neutralization antibody titer was
significantly higher for the subjects with a history of seasonal
influenza vaccination within the previous 12 months. This is
the first observation of this phenomenon for the avian H5N2
virus. Immunity acquired via antibody targeting of the
neuraminidase antigen is thought to be a possible cause of
cross-reactivity of the human influenza virus antibody with
that of an avian influenza virus.!® Gioia et al recently
reported that seasonal vaccination could raise the neutralizing
immunity against influenza (H5N1) in a large number of
donors.” A neutralizing antibody titer may only represent a
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nonspecific reaction, and it is possible to determine whether it
is effective for the prevention of an avian influenza infection.
Further examinations will be required to evaluate the
significance of this finding.

The positive rate of the anti-H5N2-neutralizing antibody
for subjects over 40 years of age was significantly higher
when compared to that of subjects under 40 years. This could
be because the aged may have been exposed to more diverse
influenza viruses.!” The mortality rate of the younger
generation was high for the Spanish flu (HIN1 subtype),18
which may have been due to their lack of exposure to the
preceding pandemic virus. There were no neutralizing
antibody-positive subjects among those aged under 40 and
without a history of seasonal influenza vaccination within the
previous 12 months. In any case, further study of the HSN2-
and HS5Nl-neutralizing antibody titers in the serum is
recommended; moreover, the impact of an influenza
vaccination or one’s age on the antibody titer should be noted
for animals and general inhabitants who have not been
exposed to infected chickens.!?

For determining H5N1 avian influenza infections, the
World Health Organization (WHO) has adopted the following
criterion: a person meeting the criterion for an HSN1-
neutralizing antibody titer of 1:80 or more in a single serum
specimen should be considered positive.20 However, if their
age and seasonal influenza vaccination influence the antibody
titer of avian influenza H5N2, they might also influence that
of H5N1. Further examinations will be required to review the
validity of this criterion by WHO.

This study had several limitations. First, data were
extracted only from those chicken farms in Ibaraki Prefecture
where chickens were infected with avian influenza; thus, the
results might not be widely applicable to other areas or
general inhabitants who are not exposed to infected chickens.



