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2009 HIN1 Flu Virus o

Information about Newly Emerging 2009 HIN1 Influenza
Virus and Blood Safety

1. Background

The ongoing outbreak of new emerging 2009 HIN1 Influenza Virus (HIN1 flu) infections in the
United States has raised questions about whether this virus can be transmitted through blood
transfusion. No case of transfusion transmitted seasonal influenza has ever been reported in the
United States or elsewhere, and, to date, no cases of transfusion transmitted HIN1 flu have been
reported. FDA is continuing to work with the Centers for Disease Control and Prevention (CDC) and-

s in close contact with the AABB Interorganizational Task Force on Pandemic Influenza and the

Blood Supply to monitor this outbreak and its impact on blood safety and availability, -

At this time, it is important to remember that, when clinically indicated, the benefits of a transfusion v.
far outweigh the risks, including any theoretical risk of HIN1 flu transmission through blood or
blood products. . -

" IL Blood Safety Provisions-

Donor Deferral

S C:uan. FDA regulations, individuals who are not in ,moo.n_ health are not suitable to am:&a blood and

blood establishments must defer these potential donors. (See FDA regulations at 21 CFR 640.3.)

*Blood donor screening procedures currently in place at blood establishments should identify persons
. with symptoms of HINI flu infection. The symptoms of HIN1 flu in people are similar to the

symptoms of regular human influenza and include fever, cough, sore throat, body aches, hieadache,
chills and fatigue. Some people have reported diarrliea and vomiting associated with. HIN1 flu.
Severe illness and deaths have been reported among infected individuals in Mexico and in the qu.

The donor screening procedures in place today are important measures in réducing the theoretical
risk of transfusion transmitted HIN1 flu, particularly in areas where human cases are occurring. In

- addition, the continued standard practice of blood establishments in'maintaining good hygiene and

infection control practices will help to minimize possible spread of HINI. flu in blood
establishments. Staff member hand washing between contacts with different donors is especially -

important.

- Additional information on illness with HIN1 flu and general control strategies can be obtained at En :

Centers for Disease Control and Prevention A.OUOV website at

http:/fwww.cde.gov/swineflu/index.htm. . .

Potential Component Quarantine and Retrieval

Consistent with m.Ub..,m October 2006 Guidance on Biologic Product Deviation Reporting for Blood

.-and Plasma Establishments (see http://www.fda gov/cher/gdIns/devbld.htm) Medical Directors of

blood establishments should consider whether a post donation réport of a flu-like illness in a donor
indicates that the previously collected products are unsuitable and that the donor’s suitability for &. -
future donations should be assessed (e.g. deferral until well.) In additionto routine reporting of ¥ .

' -identified cases of HINI flu to state and local heaith departments, medical directors with any case
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Swine Influenza A (HIN1) Infection in Two Chijldren
--- Southern California, March--April 2009

Qn April 17, 2009, CDC determined that two cases of febrile respiratory illness, occurriﬁg in children who resided
in adjacent counties in southern California were caused by infection with a swine influenza A (HIN1) virus. The
viruses from the two cases are closely related genetically, resistant to amantadine and rimantadine, and contain a .
unique combination of gene segments that previously has not been reported among swine or human influenza
viruses in the United States or elsewhere. Neither child had contact with pigs; the source of the infection is

- -unknown. Investigations to identify the source of infection and to determine whether additional persons have been .

ill from infection with similar swine influenza viruses are ongoing. This report briefly describes the two cases and
the investigations currently under way. Although this-is riot a new subtype of influenza A in humans, concern exists
that this new strain of swine influenza A (HIN1) is substantially different from human influenza A (HIN1) viruses,
that a large proportion of the population mightbe@y}cepﬁb{c to infection, and that the seasonal influenza vaccine

, HINI strain might not provide protection. The lack of known, exposure to pigs in the two cases increases the . -

possibility that human-to-human transmission of this new influenza virus has occurred. Clinicians should consider -
ammal as well as seasonal influenza virus infections in their differential diagnosis of patierits who have febrile . -
respiratory illness and who 1) live in San Diego and Imperial counties or 2) traveled to these counties or were in
contact with ill persons from. these counties in the 7 days preceding their illness onset, or 3)‘had recent exposure to
pigs, Clinicians who suspect swine influenza virus infections in a patient should obtain a Tespiratory specimen and
contact their state or local health department to facilitate testing at a state public health laboratory.

. Case Reports

Patient A..On April 13, 2009, CDC was notified of a case of respiratory illness in a boy aged 10 years who lives ‘in

-San'Diego County, California. The patient had onset of fever, cough, and vomiting on March 30, 2009, He was "

taken to an outpatient clipic,‘ 2nd a nasopharyngeal swab was collected for testing as part of a clinical study. The -
boy _requed symptomatic treatment, and all his symptoms resolved uneventfully within approximately 1 week.
The child had rot received influénza vaccine during this influenza season. Initial testing at the clinic using an

" investigational diagnostic device identified an iifluenza A virus, but the test was negative for buman influenza

subtypes ‘HINI, H3N2, and H5N1. The San Diego County Health Department was notified, and per protocol, the
specimen was sent for further confirmatory testing to reference laboratories, where the sample was verified to be an
unsubtypable influenza A strain, On April 14, 2009, CDC received clinical specimens and determined that the virus

" was s»yihq influenza A.(HII\'II); The boy and his family reported that the child had had no exposure to pigs.
* Investigation of potential anima] exposures among the boy's contacts is continuing: The patient's mother had

respiratory symptoms without fever in the first few days of April 2009, and a brother aged 8 years had a respiratory
1llm=:ss 2 weeks before illness onset in the patient and had a second illness with cough, fever, and rhinorrhea on
April 11, 2009: However, no respiratofy specimens were collected from either the mother or brother during their

acute illnesses. Public health oﬁicials_ are conducting ase and contact investigations to determine whether illness -
has occurred among other relatives and contacts in California, and during the family's trave! to Texas on April 3;

" 2009,

-~ Patient B. CDC received an influénza specimen on April 17, 2009, that had ‘been forwarded as an unsubtypable

influenza A Virus from the Naval Health Reseatch Center in San Diego, California, CDC ideatified this specimen

" a$ a swine influenza A_(H-INI) virus on April 17, 2009, and notified the California Department of Public Health,
The source of the specimen, patient B, is a girl aged 9 years who resides in Imperial County, California, adjacent to - .

San D‘iego Cd_u_nty.' On Marc_h'28',' 2009, she had onset of cough and fever (104.3°F [40.2°C)): She ‘was taken to an
Outpatient facility that was pmﬁcxpaﬁng-in an influenzg furveillance project; tréated with amoxicillin/clavulanate -

© T 2009/08/22
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potassium and an antihistamine, and has since recovered uneventfully. The child had not received influenza vaccir
" during this influenza season. The patient and her parents reported no exposure to pigs, although the girl did attend
an agricultural fair where pigs were exhibited approximately 4 weeks before illness onset. She reported that she di
not see pigs at the fair and went only to the amusement section of the fair. The Imperial County Public Health
Department and the California Department of Public Health are now conducting an investigation to determine .

" possible sources of infection and to identify any additional human cases. The patient's brother aged 13 years had

influenza-like symptoms on April 1, 2009, and a male cousin aged 13 years living in the home had influenza-like'
symptoms on March 25, 2009, 3 days before onset of the patient's symptoms. The brother and cousin were not
tested for influenza at the time of their illnesses.

Epidemiologic and Laboratory Investigations’

As of April 21, 2009, no epidemiologic link between p'aticnfs A and B had been identified, and no additional cases

. of infection with the identified strain of swine influenza A (HIN1) had been identified. Surveillance data from -

Imperial and San Diego counties, and from California overall, showed declining influenza ‘activity at the time of th
two patients” illnesses. Case and contact investigations by the county and state departments of health in California

. and Texas are ongoing. Enhanced surveillance for possible additional cases is being implemented in the area.

- Preliminary genetié characterization of the influenza viruses has identified them as swine influenza A HIND)

viruges. The viruses are similar to each other, and the majority of their geaes, including the hemagglutinin (HA)

gene, are similar to those of swine influenza viruses that have circulated among U.S. pigs since approximately - .

1999; however, two genes coding for the neuraminidase (NA) and matrix (M) proteins are similar to corresponding

genes of swine influenza viruses of the Eurasian lineage: (7). This particular genetic combination of swine influenza

virus segments has not been recognized previously among swine or human isolates in the United States, or ’

elsewhere based on analyses of influenza genomic sequences available on GenBank.* Viruses with this.

combination of genes are not known to be circulating among swine in the United Stdtes;- however, no formal :

"national surveillance system exists to determine what viruses are prevalent in the U.S. swine population. Recent

collaboration between the U.S. Department of Agriculture and CDC has led to devélopment of a pilot swine
 influenza virus surveillance program to better understand the epidemiology and ecology of swine influenza virug .
. infections in swine and humans. : o . s

" The viruses in these two patiénts demonstrate antiviral resistance to amantadine and rimantadine, and testing to

- determine susceptibility to the neuraminidase inhibitor drugs oseltamivir and zanamivir is under way. Because

. these viruses carry a unique combination of genes, no information currently is available regarding the ¢fficiency of
" transmission in swine or in humans. Investigations to understand transmission of this virus are ongoing.

) Reported by: M Ginsberg, MD, J Hopkins, MPH, A Maroufi, MPH, G Dunne, DVM, DR Siinega, J Giessick, P .-
McVay, MD, San Diggo County Health and Human Svcs; K Lopez, MD, P Kriner, MPH, K Lopez, § Munday, ML,
Imperial County Public Health Dept; K Harrinian, PhD, B.Sun, DVM, G Chavez, MD, D Hatch, MD, R Schechter,
MD, D Vugia, MD, J Louie, MD, California Dept of Public Health. W Chung, MD, Dallas County Health and
Human Svcs; N Pascoe, S Penfield, MD, J Zoretic, MD, V Fonseca, MD, Texas Dept of State Health Sycs: P Blair, -
PhD, D Faix, PhD, Naval Heaith Research Center; J Tueller, MD, Navy Medical Center, San Diego, California. T
Gomez, DVM, Animal and Plant Health Inspection Sve, US Dept of Agriculture. F Averhoff; MD, F Alavrado-
Ramy, MD, S Waterman, MD, J Neatherlin, MPH, Div of Global Migration and Quarantine; L Finelli, DrPH, S
Jain, MD, L Brammer, MPH, J Bresee, MD, C Bridges, MD, 8 Doshi, MD, R Donis, PhD, R Garten, PhD, JKatz,
PhD, S Klimov, PhD, D Jernigan, MD, S Lindstrom, PhD, B Shu, MD, T Uyekd, MD, X Xu, MD, N Cox, PRD, ..
Influenza Div, National Center for Infectious and Respiratory Diseases, CDC. Co C

Editorial Note:

In the past, CDC has received reports of zippfoximately one human swine influénza virus infection every 12 yeérs :

- in the United States (2,3). However, during December 2005--January 2009, 12 cases of human infection with swine
. -influenza were reported; five of these 12 cases occurred in patienits who had direct exposure to pigs, six in pitients -

reported being near pigs, and the exposure in'one case was unknown (/,4,5). In the United States, novel irifluenza A
virus infections in humans; including swine influenza infections, have been nationally notifiablé conditions since -
2007. The receat increased reporting might be, in part, a result of increased influenza testing capabilities in public
health laboratories, but genetic changes in swine influenza viruses and other factors also might bea factor (1,4,5). -

) 'Almough-tb_e‘vasf majority of human infections with animal influenza viruses do not result in human-to-human .
C ht‘tp://www.ddc.gov/hmwr/pre_view/mmwrhtml/mljng&o‘ﬂ1 alhtm ; '
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transmission (2,3), each case should be fully investigated to be certain that such viruses are not spreading among
humans and to limit further exposure of humans to infected animals, if infected animals are identified. Such
investigations should include close collaboration between state and local public health officials with animal health

officials.

The lack of known exposure to pigs in the two cases described in this report increases the possibility that human-to-
human transmission of this new influenza virus has occurred. Clinicians should consider animal as well as seasonal
influenza virus infections in the diffetential diagnosis of patients with febrile respiratory illness who live in San
Diego and Imperial counties or have traveled to these areas or been in contact with ill persons from these areas in
the 7 days before their iliness onset. In addition, clinicians should consider animal influenza infections among
persons with febrile respiratory illness who have been near pigs, such as attending fairs or other places where pigs
might be displayed. Clinicians who suspect swine influenza virus infections in humans should obtain a
nasopharyngeal swab from the patient, place the swab in a viral transport medium, and contact their state or local
health department to facilitate transport and timely diagnosis at a state public health laboratory. CDC requests that
state public health laboratories send all influenza A specimens that cannot be subtyped to the CDC, Influenza
Division, Virus Surveillance and Diagnostics Branch Laboratory. : i

Interim guidance on infection control, treatment, and oroﬁonnov_uﬁwim for swine influenza is available at
; gov/flu/swine/recommendations.hitm. Additional information about swine influenza is available at
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"ARTICLE INFO ABSTRACT §
y assical swine and avian-like HIN1 influenza viruses were reported widely in swine populatl?n world-
AR:g:I:? ;fptember 008 . 'Side. but human-like HIN1 swine viruses were reported occasionally. In 2006, a ht'lman-llk{: HIN1
Received in revised form 6 November 2008 swine virus (A/swine/ gdong/96/06) was isolated from pigs in Guangdong province, which was
Accepted 7 November 2008 reported in China for the first time. To get further evidence for infection qf pigs ‘wuh humw}lke
Available online 3 January 2009 HIN1 influenza viruses, we analyzed eight gene seg of three h like swine Hlt‘?ll virises

- '(‘.,‘ inef dong/96/06, Alswine/[Tianjin/01/04 and AIswine/He_nan/O'l/OG) isolated in China. All the

Keywords: elﬁht genes of the three viruses are highly homologous to recent (about 2009) ant? early (1980s) human

’ Swine influenza " HINT {nfluenza viruses, respectively. Phylogeneti 1 led that NSmne/qugdongIQGIOS
oM omu: HINI Influenzs virus was directly derived from about 2000 human H1N1 influenza viruses, while A/swine/Tianjin/01/04 gnd g

s c.mmlﬁh tio: Afswine{Henan/01/06 seemed to be descendants of human HIN1 viruses circulating in :1980s. Sempmv?a
Malec“wld“ reration . lence of our isolate (Afswine/Guangdong/96/06) confirmed.the presence of hum:m—llke l-:l"lNl virys in_
Semprevalence. - pigs in China. Existence of these influenza viruses; especially oider viruses (Alsvwne/’ﬁanjlplmlo‘t and.

) < Alswine/Henan/01/06), indicates that human-like HIN1 influenza viruses mzy r_emgln ipvanant for long'
periods in pigs and provides the evidence that pigs serve as reservoirs of older influenza vnruse; for human

pandemics ‘ | ©2008 Elsevier B.V. All rights reserved.

1 Introduction Stuart-Harris, 1982), The tracheal epithelium in pigs expresses

Swine influenza is an acute respiratory disease caused by
influenza A virus within the Orthomyxoviridae family. The primary
‘clinical manifestations of viral infection are fever and acute respira- .
tory distress. Currently, three main subtypesofinfluenzavirysesare:  in
circulating inthe swine population throughout the world: subty{)es
H1IN1, H3N2 and H1N2 (Brown, 2000). These include classical swine
HIN1, avian-like HIN1, human-like er avian-like H3N2, reassortant
H3N2 and various genotype HIN2 viruses (Brown, 2000; Qj and
Lu, 2006; Webby et al., 2000). These viruses have remained largely
eridemic in pig populations worldwide and have been xjespon'sllble

receptors for both human and avian influenza viruses, and this pro--

vides-a biological basis for the susceptibility of pigs to both avlj!‘ 3

and humaninfluenza viruses(Ito et al., 1998; Peiris et al., 2001). Pl* 5f
* can therefore function as ihterm,ediame hosts or “mixing vessels”
! blishing new infl  virus lineages by supporting coin-
fection, replication, and reassortment among.human, avian, and'
swine influenza viruses (Brown, 2000; Landolt et al., 2003). In tf.nei
past, a number of influenza viruses have been isolated from pigs in’
China. These mainly include classical swine HIN1 viruses, aviap- -
like HIN1 viruses, human-like H3N2 viruses, double-reassortant
H3N2 viruses containing genes from the human'and avian influenza
viruses, triple-reagsortant H3N2 viruses containing genes from the

's in pigs.

for one of most preval P yd

China, especially southern China, is regarded as an epicenter

of pandemic infl viruses througl

. Gmwmlu author at: Division of Swine Infectious Diseases, Shanghai Vet-

hurnan, classical swine and avian viruses, avian-like HIN2 viruses, .

those of human and swing' viruses (Guan et al., 1996; Peiris et

al., 2001; Shortridge and Webster, 1979; Xu et al., 2004; Yu et al.

2008ab). S o »
Human H1N1 viruses can infect pigs and pig-to-pig transmission _

history (Shortridge and
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- has been demonstrated under experimental conditions (Brown;
* 2000). Serological surveillance studies worldwide suggest that the

prevailing human H1N1 strains are readily transmitted.to pigs_ and _

" Tepresentative sequence data

and double-réassortant HIN2' virus ¢ontaining genes similar.to ™ -
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have resulted occasionally in the isolation of virus (Katsuda etal.,
1995; Nerome et al., 1982; Yu et al., 2007). In 2006, a human-like
HIN1 swine virus (Alswine/Guangdong/96/06) was isolated from
pigsin Guangdong province, which was reported by us in China for
the first time (Yu et al., 2007). To get further evidence for infec-
tion of pigs with human-like HIN1 influenza vifuses, we made
full use of our isolate and another two human-like HIN1 swine
influenza viruses isolated and sequenced by scientists of Huazhong
Agricultural University of China, and we analyzed their genetic evo-
lution. In this study, we summarize and report, for the fist time, the
coexistence of recent (about 2000) human-like and early (1980s)
human-like swine HIN1 influenza viruses in pigs in China.

2. Materials and methods

2.1, Viruses

A/swine/CuangdonngG/OG(H‘lNl) was isolated from pigs ina -

farm of Guangdong province of southern China, by inoculation into
and subsequent passage in the allantoic cavity of 10-day-old SPF
embryonated chicken eggs (Yu et al,, 2007), Viral gene sequenc-
3 was carried out as follows. In brief, viral RNA was directly
" uxtracted from infected allantoic fluids using RNeasy Mini Kit
(Qiagen, Chatsworth, CA) and reverse transcription (RT) were car-
ried out under standard conditions using Uni12 (AGCAAAAGCAGG)
primer, PCR was performed using specific primers for eight genes
(primer sequences are available on request), PCR products were
purified with the QIA quick PCR purification Kit (Qjagen, Inc.) and
cloned into pMD18-T vector (TaKaRa, Dalian), then sequenced using
synthetic oligdnucleotides by Invitrogen Company. ’
In addition, Afswine/Tianjin/01/04(HIN1 ) and Afswine/Henan/
01/06(HIN1) 'were isolated and sequenced by scientists of
Huazhong Agricultural University of China. The nucleotide
sequences were made available in GenBank under accession num-
bers: EU004440-EU004455, R

2.2. Serum samples of pigs

From 2006 to 2007, we carried out swine influenza virus surveil-

lance it China, a total of a total of 717 serum samples were randomly
collected from apparently healthy pigs from nine provinces (Hei- -

longjiang, Henan, Shandong, Zhejiang, Anhui, Jiangxi, Guangdong,
) _.{.‘an_'gxi and Beijing). oo ' :

’3. Sequence analysis

All eight-gene segments of these three HINT swine influenza
viruses were characterized and phylogenetically together with the

2h, the inoculum was removed and fresh serum-free tissue cul~

ture medium containing trypsin (2 ug/ml) was added. Complete

neutralization of cytopathic effect (read under an inverted micro-
scope) was considered evidence of neutralizing antibody (Peiris et
al., 2001; World Health Organization, 2002). R

- 3. Results

3.1. Homology analysis of nucleotide sequences

Analysis of the homology of nucleotide sequences of eight genes
of our isolate (A{swine/Guangdong/96/06) and another two isolates

(A/swine[Tianjin/01/04 and A/swine/Henan/Ol [06) was performed }

by comparison with es available in GenBank (Table 1).
All eight-gene segments of A/swine/Guangdong/96/06 were sim-
ilar to HIN1 influenza viruses circulating in himan in 2000 or
2001, with homologies ranging from 98.8 to 99.6%, But inter-
.estingly, A/swine/Tianjin/01/04 and Afswine/Henan/01/06 were
closely related to human HIN1 viruses isolated in- 1980s, with
homologies ranging from 98.2 to 100%. .

3.2. Phylogenetic relationship of HINI swine influenza viruses
from China . : B

In the swine influenza virus suiveillance in eight provinces

(Heilongjiang, Henan, Shandong, Guangdong, Zhejiang; Anhui,
Jiangxi, and Befjing) during 2005-2006, one human-like HIN1
influenza virus (A/swine/Guangdong/96/06) was isolated from
pigs, which was reported in China for the first time (Yu et al,,
2007). Recently, the es of two h

published in GenBank. To ¢haracterize the gene segments of the
three human-like HIN1 infl viruses from pigs more pre-

. cisely, we constructed the phylogenetic trees using the nucleotide -
‘sequences of the HA, NA, PB1, PB2, PA, NP, M and NS genes available .

in GenBank and the information from the trees was analyzed,
Phylogenetic analysis of the HA gene reveals that all of the HIN1
swine viruses isolated in China can be separated into three lineages,

including human strains, classical swine strains and avian strains )

(Fig. 1). Previously most of the HIN1 swine influenza viruses,
isolated in China, belorig to classical swine or avian lineage, Clas-.
sical swine lineage mainly inciudes AJswine/Guangdong/711/01,
A/swinefHong Kong/273/94, A/swine Beiing/47/91, Afswine/Hong
Kong/172/93 and so on. Alswine/Hong Kong/168/93 and
A/swine/Hong Kong[176/93, had emerged in- China, belong to
avian li Alswine/Guangdong/96/06, Afswine[Tianjin/01/04
and A/swine/Henan/01/06 are Incorporated into the human

lineage.. Qur isolate (A/swine/Guangdong/96/06) was closely

ilable in G q edata

were compiled and edited by using the Lasergene sequence analysis

software package (DNASTAR Inc., Madison, WI), Multiple sequence

 alignment was carried out by using CLUSTAL W, and the unrooted

. Phylogenetic trees were generated by thedistance-based neighbor-

Jjoining method using MEGA 3.1, Bootstrap values were calculated.
,0n 1000 replicates of the alignment, .

2.4. Serology tests
Al sera were pretreated with ihe ‘Trypsin-Hgé;-Periodatef’

method to abolish interference by nonspecific serum inhibitors
and used for hemagglutination inhibition (HAI) tests using chicken

’ _erythrocytes (World Health Organization, 2002), Neutralization

tests were carried out by mixing 100 50% tissue culture infective
doses of the virus with serial dilutions of serum and incubating
- for:2h followed by inoculation onto MDCK cells'grown in 96-well
-microtiter plates. After adsorption of the virus-serum mixture for

related to A/Dunedin/2/00, while ‘Alswine/[Tianjin/01/04 and .

‘AfswinefHenan/01/06 were derived from A/Memphis[12/86.
Phylogenetic analyses’of NA, PB1, PB2, PA (Fig. 2), NP, M

and ‘NS (data not shown) genes showed a clear division of

each of these genes into different lineages including classical

like HIN1 swine .
viruses (Alsurine/'riaxmn/m/odz and Afswine/Henan/01/06) were .

swine lineage, human lineage..and avian'lineage, similar to the .

HA gene. Afswine/Guangdong/96/06, A/swine/Tianjin/01 /04 and
Alswiné/Henan/01/06 belong to.human lineage in the seven phylo-:
genetic trees. Because of the lack of sequence data of swine HIN1

- influenza viruses isolated in China, these genes of classical swine

lineage.and avian lineage of-China were not analyzed, .
Based on the phylogenetic trees and homolegy . of the

.nucleotide sequence of gene segments of the three viruses,

AlSwhie/Guangdong/SGlO(i was directly derived from about, 2000

human H1N1:influenza viruses. But. A/swine(Tianjin/01/04~ind

* Afswine/H

/01]06

] d.to be descendants of human HIN1"
viruses circulating in 1980s:’ o T
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of the h: like swine infl

viruses isolated in China with related sequences available in GenBank.

- Virud with the highest identity . i+

: A A/swine/Guangdorig$6/06
HA ADunedinzoo
AMong Kong/1134.99
ANanchang17/96
AWuhan37185
ATexas36/91
& A/swineHenann1.06
' & A/SWINSTIANIND 1 04
Atiemphis/12/58
Asingaporetge
— A/BaVlor 11736182
phis/11/78
= AMlong Kongr117/77
bmesrme A/DONIVOITST
PR LY LIS TUER

Human

Alswinedong Kong168/93
____[‘[Azswlnwuong Keng17683
Alduck/Hokkaldo5596
AswineBelglum/1 1736
NswineNetheriands 1285
L AswineNetheriands/3,80
AswinefranseT61484
AMturkayGermany2482.80
Alchickentong Kong14/76

Fig. 1. Phylogenetic tree of the HA (positions 84-1061) gene of the HIN] influenza
viruses. The oted phylogenetic tree was erated by the distance-based
neighbor-joining method ‘using MEGA 3.1. Rellability of the tree was assessed by
bootstrap analysis with 1000 replications, only bootstraps values >90% were shown.
Different lineages are marked with different colors. ° - Lo
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3.3.. Molecular analysis

To try to identify possible determinants of interspecies trans-
mission of HINT influenza viruses from human to pigs, the
deduced amino acid sequences of HA1 region were aligned.
The proposed antigenic sites (Caton et al., 1982; Lubeck and:
Gerhard, 1981; Olsen etal,, 1993), receptor-binding sites (Nobusawa
et al, 1991) and potential glycosylation sites were analyzed
(Fig. 3).

Antigenic sites are regions. of molecules involved in antibody
binding and four sites (Sa, Sb, Ca and Cb) of HINT influenza
virus have been defined (Caton et al., 1982; Wiley et al, 1981).

- Alswing/Glangdong/96/06 "and AfDunedin/2/00 have the same

amino. acids: in "antigenit sites, while Alswine[Tianjin/01/04,
Alswine/Hendn/01/06 and A/Memphis{12/86 also have the
same amino acids in antigenic sites, which indicate these
three viruses may have the similar antigenidty to rec
(about 2000) and early (1980s) human H1N1 influenza vi
respectively. :
The host range of influenza A viruses is associated with differ-
ences in specificity of HA for attachment to sialic acid-containing

receptors on susceptible cells. So the receptor-binding property -

of the HA protein of influenza virus is an important molecular
determent of host-range restrictions (Matrosovich et al., 2000;
Weis et al., 1988). The amino acids at positions 91, 131-135;
150, 180, 187, 191, 192, and 221-226 (98, 134-138, 153, 183,
190, 194, 195, and 224-229 according to H3 number) are com-
ponents of receptor-binding sites of the HA-of HINT influenza
virusés (Nobusawa et-al, 1991). The three human-like HIN1
swine influenza viruses and the two reference human viruses
(A/Dunedin{2/00 and A/Memphis/12/86) had the same amino
acids at Y9, G131, V132, A134, G135 iSO TIS2 pis0 yis2, R22),

Q3B g2 (G225 and RA6 (receptor-binding sites). At position .
133, the three swine influenza viruses and A/Dunedin/2/00 had -
the same amino acids (S). At position187, AJswine(Tianjin/01/04 -
and Afswine/Henan/01/06 ‘had the unique amino acid (E)..The .

two amino acids of the three human-like swine influenza viruses

at positions 191 and 222 were identical to A/Dunedidf2/00 and ~
- AlMemphis/12/86, respectively. I
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Fig. 2. Phylogenetic trees of the NA (positions 93-1415), PB1 (pasitions 14-2286), PB2 (positlons 52-2295) and PA (positions 40-2175) genes of the HINT Influenza viruses,
The method used is as given in the legend of Fig, 1. Different lineages.are marked with different colors. . | . e i

Some glycosylation sites have a significant effect On.receptor-
binding property of the influenza virus HA protein, and glycosy-
lation is therefore an important process in the generation of new

virus (Schulze, 1997). Eight potential glycosylation sites (N-X-S(T)
were conserved at positions 10, 11; 23, 54, 87, 125, 160, and 287

in the HA1 protein of the.three human-like HINT swine influenza

viruses and the two reference human viruses,

138

3.4. Seroprevalence of the humari-like HINT influenza viruses in
swire populations of China B B

The isolation and genetic characterization of hunian-like HINT
influenza viruses in pigs suggested that thesq‘viruses(n_ﬁg;ﬁ.fgr.m
a stable lineage in swine populations in China. So we conducted .
.a serological surveillance. to get some_useful information about .

R
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Fig. J. Molecular analysis of HA1 amino acid sequences of the three HIN1 swine influenza viruses and reference strains. Potential glycosylation sites are marked with

ic sites are

pink shade. F ly defined

: site Sa.(green shade). site Sb (red shade), site Ca (blue shade), site Cb (yellow shade). Underlined reslduz{ are

receptor-binding sites. (For interpretation of the references to color in this figure legend, the reader is reférred to the-web version of the article.)

Table2 .. o .
Seroprevalene of the human-like HIN1 influenza virus in swine populations of

China*,

¢ HAl and neutralization positives were taken as titers of 1/80 or more.
® NT, neutralization test. . .

seroprevalence of the human-like HIN1 influenza viruses in swine
populations of China. A collection of 717'pig sérurn sa.mp!es from-
nine provinces in China was analyzed in HAI and neutralization tests

" for the presence of antibody to human-like HIN1 sv«(ip'e inﬂuen;za
. virus (A/swine/Guangdong/96/06) (Table 2). Serological surveil-

lance results indicated that the human-like HINT swine inﬂuenz_a
virus might sporadically infect pigs in China. In the HAI test anti-
body to Afswine/Guangdong/96/06 was detected with prgvalence
ranging from O to 20.8%, while in the neutralizing test antibody to
the HIN1 virus was relatively low with prevalence ranging from 0
to13.9%. ) :

4. Discussion

Influenza virus infection is an important tause of respiratory
disease amorig pigs throughout the swine producing regions of tlfe
world (Karasin et al,, 2000). Swine influenza was first observed in

. 1918 at the time of the human pandemic and the virus was isolated
and identified in 1930 by shope (Brown, 2000; Shope, 1931). This
virus was the prototype strain of a group of virusgs now known as
classical swine influenza viruses. Virologic and serological surveil-
lance has shown that classical swine HIN1 is prevalent throughout

" the major pig population of the world (Brown, 2000; Chaimbers et

al., 1991; Guan etal., 1996; Hinshaw et al.; 1978). Since 197'9. classi-
cal swine inﬂuenz'a_vin;ses‘_have been replaced by avian-lll_te HIN1
viruses that are antigenically distinguishable from classical swine

- HIN1 viruses in Europe: Hurnan H1N1 viruses can infect pigs and

" pig-to-pig transmission has been demoﬁ;tr.ateg_qnég[ ckpgrim?n-

tal conditions. Serological surveillance studies worldwide sug_g,{_
that.the prevailing human H1N1 strains are readily rransmit:te;!‘x
pigs (Brown, 2000), but there are:a few reports about isolation
of the human-like swine HIN1. viruses, In China, classical swine

"HIN1 viruses were the predominant influenza virus infecting pigs

and circulated in pigs in China in northern, central (Hgnan and
Jiangxi), and southern (Guizhou and Guangdong) provinces (Guo et
al,, 1992). Since 1993, avian-like swine influenza viruses had becq
isolated from pigs and circulated with classical HIN1 viruses (Guan
et al., 1996). In 2006, human-like swine HIN1 inflyenza viruses
‘were reported by us for the first time, In this study, we summarized
and reported coexistence of recent (about 2000) and early (15_2805)-’
human-like'swine H1N1 influenza viruses, which provides further
evidence for infection of pigs with human-like HIN1 influenza:
viruses in China. i R e
Serological surveillance had ‘indjcated that classical swine l-!l
and human-like H3 subtype influenza infections widely existed in
the pig populations-in €hina, and avian H4, H5 and H9 influenza
viruses had been transmitted to pig populations in southeastern

China (Li-et al, 2004; Ninomiya et al, 2002). No type of swine -

influenza vaccine has been used in pigs in China, and therefore
the serblogical surveillance ‘of human-like HINT swine influe
viruses conducted in this study could reflected the real situat
of swine influenza infection. In this study, a total of 717 pig seruii
samples from nine provinces in China were detected in HAI a.nd
neutralization tests for the presence of antibody to human-like
HINT swine influenza vifus (A/swine{Guangdong/96/06). In the

HAI test antibody to A/swine/Guangdong/96/06 was detected with -

prevalence ranging from 0 to 20.8%, while in the neutralizing test

antibody to the HIN1 virus as relatively low with prevalence rang-

ing from 0 to 13.9% Al these indicated that the human-like HIN1
‘swine influenza virus might sporadically infect pigs in China. )
Influenza virus genomes are well known. to undergo al}ﬁ-
genic drift or antigenic shift that.enable escape from ?rge:dsung
immunity and’ cause new -outbreaks of influenza in’ animals
and even humans (Chi et al, 2005; Potter, 2001;. Subbaral
and Joseph, 2007), so influenza viruses exhibit the greatest

- genetic diversity and change every year. In this study, we ana-

lyzed eight gene segments of three human-like 'swine HIN1
viruses ‘(A/swine/Guangdong/96/06, A/swine/Tianjin/01/04 and
. Ajswine/H 101/06) isol

nation may be that these influenza viruses w_e_re';intgoduc_ed into

d in China. Why were all the eight -.
genes of the three viruses closely related to recent (ab}m§ 2000) .
or early (1980s) human HIN1 influenza viruses? A possipte expla-

90 N i .H. Yu et al. / Virus Research 140 (2009) 85-50

pigs at the time they circulated in humans and have persisted
in pigs without antigenic drift. In China, Pigs have a short lifes-
pan (approximately 6 months) and are not tnoculated any type of
swine-influenza vaccine, Once the influenza viruses were intro-
duced into pigs, these viruses might appear to have been under
less immune selection pressure and all genes evolved more slowly

" than in humans and poultry. We describe here genetic relatedness

of these swine isolates with recent (about 2000) or early (1980s)
human HIN1 influenza viruses and provide evidence of long term
conservation of human HIN1 influenza viruses in pigs.

Of the four pandemic strains of human influenza A virus
occurred in the 20th century, the 1977 pandemic strain was very
similar in alf eight genes to a 1950 human H1N1 strain (Kilbourne,
2006). Therefore, pandemic strains of influenza A virus could arise-
by re-emergence of these older viruses that may have caused an

epidemic many years earlier. In this study, we phylogeneticaily ana-

lyzed eight gene segments of three human-like HINT influenza
viruses isolated from pigs inChina, A/Swine/Guangdong/96/06 was
directly derived from about 2000 human H1N1 influenza viruses.
But A/swine/Tianjin/01/04 and Alswine/Henan/01/06 seemed'to be
-descendants of human HIN1 viruses circulating in 1980s, which

., Jowed the possibility that pigs serve as reservoirs for older

“thfluenza viruses.

China, especially Southern China, is thought to be the epicenter
for the human influenza pandemics throughout history (Shortridge
and Stuart-Harris, 1982). The special environment and lifestyle
in southern China provide more chances for wild aquatic birds,
domestic poultry, pigs and humans to contact closely, and create the
opportunity for interspecies transmission and generation of new
reassortment influenza viruses, Although, it is virtually impossi-

Iro. T, Couceiro, JN. Kelm, S, Baum, L.G., Krauss, S., Castrucci, MR, Donatelli, 1
Kida, H., Paulson, }.C, Webster, RG., Kawaoka, Y., 1988, Molecular basis for the
generation in plgs of influenza A viruses with pandemic potential. J. ViroL 72,
7367-7373,

Karasin, AL, Schutten, M.M., Cooper, LA Smith, CB., Subbarao, K., Anderson, GA.
Carman, S., Olsen, C.W., 2000, Genetic characterization of H3N2 Influenza viruses
isolated from pigs in North America 1977-1999; evidence forwhollyhumanand -
reassortant virus genotypes. Virus Res, 68, 71-85,

Katsuda, K., Sato, S., Shirahata, T. Undstrom, S., Nerome, R., Ishida, M., Nerome, K.,
Goto, H., 1995, Antigenetic and genetic characteristics of HIN1 human influenza
virus isolated from pigs in Japan. |, Gen, Virol, 76, 1247-1249,

Kilbourne, E.D., 2006. Influenza pandemics of the 20th Century. Emerg. Infect. Dis,
12,9-14. -

Landolt, G.A., Karasin, A.L, Phillips, L. Olsen, CW., 2003. Comparison of the patho-
genesis of two genetically different H3N2 influenza A viruses in pigs. J. Clin,
Microbiol. 141, 1936~1941. '

U, HY, Yu, KZ. Xin, X.G., Yang. HL, Li, Y.3. Qin, Y.N, BI, YZ. Tong, GZ, Chen, HL,
2004, Serological and virologic surveillance of swine influenza in China from
2000 to 2003. Int. Congress Series 1263, 754-757, .

Lubeck, M.D.,Gerhard, W., 1981, Topolog| i bcsi theinfl
A/PR/B{34 virus hemagglutinin using monoclonal antibodies. Virology 13,
64-72, |

Matrosovich, M., Tuzikov, A, Bovin, N., Gambaryan, A., Klimov, A, Castrocci, MR,
Donatelli, I, Kawaoka, Y., 2000. Early at of the receptor-binding prop- |
erties of HI, H2, and H3 avian Influenza virus hemaggiutinins after their
Introduction into mammils. J, Virol 74, 8502-8512, "

Nerome, K, Ishida, M., Oya, A. Kanal, C., Suwicha, K. 1982, Isolation of an influenza
HIN1 virus from a plg. Virology 117, 485-489, .

" Ninomiya, A, Takada, A, Okazaki, K., Shortridge, K.F, Kida, H., 2002, Seroepidemlio~

logical evidence of avian H4, HS, and H9 Influenza A virus transmission to pigs
in China. Vet. Mi 88, 107-114. :

Nobusawa, E. Aoyama, T, Kato, H., Suzukd, Y, Tateno, Y. Nakafima, K, 1991, -
Comparison of amino acid and receptor-binding prop-. .
erties among 13 serotypes of hemagglutinins of influenza A viruses 182,
475-485. : L

Olsen, LW, McGregor, MW., CooleyAJ. A J. Schantz. B, Hotze, B., Hinshaw, V.S, 1993,

* Antigenic and genetic analysts of a recently isolated HINT swine influenza virus;
Am. . Vet. Res. 54, 1630-1636, ) .

Peiris, LSM., Guan, Y., Markwell, D, Ghose, B, Webster, R.G., Shortridge, KF, 2001,

Co

. ble to prevent new outbreaks of infl inh and animal
it is now well recognized that animal influenza virus surveillance
can play a key role in the early recognition of outbreak threats,
So it is of great significance to carry out swine influenza virus
surveillance. Existence of these influenza virlises, especially older
viruses (A/swine/Tianjin/01/04 and A/swine/Henan/01/06), in pigs

: provides the evidence that pigs serve asreservoirs of older influenza
viruses for human pandemii and ! the importance of
reinforcing swine influenza virus surveillance in China.

~

Acknowledgements

>, This work was supported by National Key Technology Research
“hd ‘Development Program (2004BAS519A55) and National Basic

Research Program (973 Plan).of China {2005CB523200).

lieferemﬁs

Brown, LH, 2000. The epid: and evols of infl
" Microbiol. 74, 29-46.
Caton, AJ, Brownlee, G.G., Yewdell, LW, Gerhard, W, 1982, Antigenl¢ structure of
the Influeriza virus APR/8[34 hemagglutinin (H1 subtype). Cell 31, 417-427,
Chambers, TM, Hinshaw, V'S., Kawaoka, Y, Easterday, B.C, Webster, RG., 1991,
Influenza viral infection of swine In the United States 1988-1989, Arch. Virol.
116, 261-265, L

Chl, XS, Bolar, TV, Zhao, P, Tam, J.S.’ Rappaport, R., Cheng. S.M.. 2005. Molecular
evolution of hurnan influenza AJH3N2 virus In Asla and Europe from 2001 to
2003. J. Clin. Microbiol. 43, 6130-6132. - . Che .
Guan, Y., Shortridge, KF. Krauss, 5., Webster, RG., 1996. Emergence of avian HIN1
viruses in pigs In China, |. Virol. 70, 80418046, ' :
Guo, Y, Webster, RG., Zhuge, Y.H, 1992. Swine {HIN1) vituses isolated from pigsin
China and studies on the origin of isolates; Chin. J. Clin. Exp, Virol, 6, 347-353,

Hinshaw, VS, Bean, J.. Webster, RG, Easterday, B.C. 1978. The prevalence of
Influenza viruses in swine and the antigenic and genetic relatedness of influenza
viruses from mauwmdng.‘/imloxy 84,51-62, E

viruses in pigs. Vet,

< lag

. of avian HIN2 and contemporary. *human” H3NZ influenza A
viruses in pigs in south nChina: p 1 tmverit? J. Virol,
75, 9679-9686,’ : o : :
Potter, CW., 2001, A history of influenza, J. Appl. Microbiol. 91, 572-579,
Q. X, Lu, C.P, 2006, Genetic ch. ition of novel HIN2 infl A
viruses isolated from pigs in southeastern China Arch, Virol, 151, 22892299, . -
Schulze, LT, 1997, Effects of glycosy on the P and fu .of
Influenza virus hemagglutinin. J. Infect. Dis. 1 (Suppl.), 524528, . C
Shope, RE, 1931, Swine.influenza. Ill, Filtradon experiments and etiology. J. Exp.
Med. 54, 373-385, - . Lo
Shortridge, KF. Stuart-Harris, CH., 1982, An Influenza epicentre? Lancet 11, 812-813,
Shortridge, KF, Webster, RG. 1975, Gepgraphical distribution of swine (HswiN1} -
and Hong Kohg (HIN2) i virus variants Inf pigs in southeast Asia, Inter-. .
virology 11, 9+15, . . . -
Subbaral, K, Joseph, T., 2007, Scientific barriers to developing vaccines againstavian
Influenza virises, Nature 7, 267~278. . o .
Webby, RL. Swenson, S.L_ Krauss, S.L., Gerrish, PJ., Goyal, S.M, Webster, RG., 2000.
" Evolution of swine H3N2 Influenza viruses in the United States. J. ViroL 74,
8243-8251, : ' i .

“Wels, W, Brown, .H. Cusack, 5., Faulsou,c. Skehel, ). Wiley, D.C. 1988, Structure.

of the Influénza virus
Nature 333, 426431, L S L
Wiley, D.C, Wilson, LA, Skehel, JJ, 1981, Structural identification of the antibody-
- binding sites of Hong Kong influenza hiemagglutinin and their involvesent in
antigenic variation. Nature 289, 373-378, ] : '
‘World Health Organization, 2002, WHO Manual on Animal Influenza Diagnosisand
Surveillance. World Health O; ‘Dep ol & v ¢ Dis-
eases Surveillance and Control, Geneva, pp. 28-50, X
Xu, C, Rin, W, Wel, R, Zhao, H., 2004. Isolation and identification of swine influenza .
b AfSwine/Shandong;/ 1/2003(HIN2) -virus. Microbes Infect. 6 "
919-925, .

Yu, H,, Hua, RH, Wei, T.C, Zhou, Y, Tian, ZJ. I, GX,, Liu, ¥.Q. Tong. GZ, 2008a.-
Isolation and genetic characterization of aviag' origin HON2 influenza viruses .
from pigsin China, Vet, Microbiol. 131, 82-92, . . R :

Yu, H, Hua, RH., Zhang, Q. Uy, T,Q, Liu, HL, U, GX, Tong, GZ., 2008b, Genetic

- evolution of swine influenza A (H3N2} viruses In China from 1970 to 2006. J.

- ' Clih. Microbiol, 46, 10671075, . - _ o )

Yu, H., Zhang. GH, Hua, RH., Zhang, Q,, Uy, T.Q., Uao, M., Tong, G.Z., 2007 Isolation
and genetic analysis of human origin HIN1 and H3N2 influenza viruses from

pigs in China, Biochem. Biophys. Ru. Commun. 356, 91-96,

haemagglutinin complexed with its receptor, sialicacid, -






