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Establishment of a Ferret Model of H3N2 Influenza Virus Infection
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[ Abstract] Objective To establish a ferret model of H3N2 influenza virus infection. Methods Six ferrets were
divided into two groups for three each. after anesthetized by ketamine, the ferrets were inoculated intranasally with 500 pL
of 10° and 10" TCID,, H3N2 A/Brisbane/10/07 influenza virus, 'respectively. Clinical signs were monitored daily, and
body temperature was recorded once every day postinfection. Nasal turbinate biopsies were taken every day from day O to
postinfection day 5 (d 0 to d. p.i. 5) for real time PCR analysis, the ferrets were euthanized and the lung, liver, slpeen,
small intestine and brain tissues were harvested at d. p. i. 5. The lungs were further examined by histopathology.
Results For each virus titer tested, transient elevation of body temperature, weight loss, nasal rattling and sneezing were
observed in the infected ferrets, but no ferret died. Virus was detected positively in the nasal turbinates and small intestine
from all the infected ferrets. The ferrets inoculated with H3N2 virus showed mild interstitial pneumonia in the lung.
Conclusions The ferrets were successfully infected with H3N2 influenza virus proved by clinical signs, virus detection,

and histological examination. Furthermore, 10° TCID,, titer is a more appropriate dose for establishment of a ferret model of

(& T IR E KRS -30W0W TR 3 E AT 5 % B 15 Jo% B 36 : 20092X10004 402 5 110 A= 44 25 ¥ 4T Al BHBF % S 307 H - 200802036 ; 5 3 48
2% 25 ¥R Be BT 2 A BHBT AL %5 %% . DWS200810,

[ &M IS, BB R BT 0 LERRBEWRTF o

[EREETRN M, B4 S, E-mail: chuangin® vip. sina. com; I e 812 B+ 4 S, E-mail. zhanglf@ cilas. org,



6 PEEBRESEEE 201148 AFE 21 %5 88 Chin ] Comp Med, August 2011,Vol.21. No. 8

flu H3N2 virus infection.

[ Key words]

REREBERSARE, EEFERLZERRE
HRXEERRET. 20 HEB kA4 ~5 KittR
KW 4T (pandemics) , G K [B] B 9 ~ 39 4F; H LS
1918 ~1919 8] , HIN1 i B %% % & i 4 500 J5
ABFET-BATE" . B 1933 FURFRKBED
ST 4 WHIEHAS 1933 ~ 1946 4E % HON1 (JR
#,A0) ,1946 ~ 1957 £ HIN1( v B &Y, A1) ,1957
~1968 405 H2N2 (ML ¥l FA B, A2) , 1968 LU 5 N
H3N2(F A ,A3), 2009 £ 8 A, IR\EHFEHRIEH
W R B 4 AT, AL HIND W 5 49% , H3
3%  BRWHRFCRER. FEBREET
e AH 24 3% 38 , 2008 4E £ E Z Brisbane %! ,2009 4E H
LA &Y H3 i /R % B 55 Brisbane IR [A], tH ¥1 &
REBZ SN, 8 IR 8 Brisbane & 728 #, 2009
£8 A EMRE, FWCHE 3 RE H3 RAKET
MR UL, EREVFR IR, W7 #1597 W BRME
HMEIE,

HRRBIBRTERATRESYRE, FHiL
RBARBEREDYE RN EETBBLNEE,
EH R H TN 1B oy SUR R R BRI s YR
B AR AE M H3 GRS R, Ak R
SR BB F A W 2 A5 TR G TR S S0
JEwAEA, B ST H3 G RO B 2R UL R 6 258
FIE T B 5 R 0T

1 MBFFE

1.1 ##

1.1.1 FE#R H3N2 % FE# N A/Brisbane/10/07 , &
HA 304 #8% 1:256,10" TCID,,/mL, f % # K % Bk
WHRUZEE,

L1.2 Y. £ H5 #E%FH (Mustela
Pulourius Furo)6 2,4 ~10  #,500 ~1 200 g, &
R BT F A8 2, HI JF B8 ) HIN1, H3N2 #i
H RN ERER T TALLR,

1.1.3 37 : RNA $# B # & RNeasy Mini Kit iy
B Qiagen /A &), Wi 5 FiA 7 & SuperScript Il First-
Strand Synthesis System g E| Invitrogen /A #] , 5% Yt J¢
%} Power SYBR green PCR master mix,48 L 0.2 ml
PCR % Bi % fast optical 48-well RXN plate, X 2% X
I 25 f& 48-well optical adhesive film 25PK ¥ B
ABI /A &, St BF %2 5k & & PCR X% ABI 24 #

Influenza virus, H3N2 strain; A/Brisbane/10/07; Ferret; Model, animal
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Wi A/Brisbane/10/07 %5 bk 23 51 L4 10°TCID,, #1
10"TCID, i S & e, B R B R FL Y SIH A 500
WLARER, My ENREERPEFFAF, LR
HIMEEHIH 5 d,

1.2.2 BEFEREAZRFHRE2AE, SHRA
ERAERWREREE, K TEASH, BEd&H
FAZRHIVRS, 5 HERIY R ERE.

1.2.3 WRARMEBEMBUE : TRIFHET | AEHIEF
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KR, MUK B A

1.2.4 JREFHENNE  SHBU T8 /N N
HLMA 1 mL DMEM (FER #HEEK 1000 1U/
mL) B, SRR R H AP BE AL ,3 000 r/min
B30 10 min, B EEW . HAEA EIEW 10 < EEH B
Z 1077, % T 5 2459 MDCK 41/ 96 FL41H
Bt b, BB EMN 4 M EE L, COBRM
H 35C#R LS, MEIE R & L4 K ZE (CPE) 1§
L, ESEMNE3 d, 1% KGMRER, HREELER
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YRRt A, 10% PR EE , A B8, ¥R
BHNY) b BE  HE Jrse e, GRS

1.2.6 PCR#GW: R FFHERY L EEMN AR
#4 RNeasy mini kit ( Qiagen) RH RNA, B H &
HERYE T | mL DMEM 3585 RNA AWK E
YA K RNA Bk 1,20 mg fifi 41 416 RNA $& 3
YEAT 30 wL T RNA BRI K 1, & RNA FH
8L RNA R A SuperScript Il reverse transcriptase
(Invitrogen ) ¥ % 5%, B cDNA2 pL [ i Power
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Tab.1 Changes of the body weight of ferrets infected with H3N2 influenza virus

1R 3| B Days post infection &%y K %
Infection doses 0 1 2 3 4 5
10°CID,, 1 718 698 711 684 690 682
706 713 724 681 687 697
838 860 858 836 858 862
H3N2 ¥y 764 +90 757 £ 90 764 181 734 1 89 745 + 98 747 £ 100
107 CIDg, 4 741 751 754 765 765 771
776 770 742 762 767 778
6 816 806 794 775 794 802
¥y 778 +38 776 +28 764 +27 767 £6 775 £ 16 783 £ 16

SYBR green PCR master mix ( ABI) £ & & PCR, 5]
%) :BR-10F 5° -gagaatccagcacacaagag-3’ ,BR-10R 5’ -
ttctcagitcaagagtgete-3° , B F: ©94°C, 3 min; @
94°C , 30 s,361°C, 30 s, @T2C, 30 s(®-DEFT
35 MEH) ,B95C,15 s; ©®60C , 1 min; I, JFEFT
B EF,95C,15 5,60C,1 min;95C, 15 s,
KtER PCR YT EEREBURERBRLE R
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Fig. 1 Changes of the body weight of ferrets
infected with H3N2 influenza virus( % )
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AERYSEEHE 2 X3 R BAEBEFH,10"TCID,,
HERBRRPBE 2 REAAR - ST, EEEL
WE 2,
2.3 ERBEBIKERA
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Fig. 2 Changes of the temperature of ferrets infected

with H3N2 influenza virus
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Tab.2 Criteria for clinical sign scores in the ferrets after
H3N2 influenza virus infection

W4 RI|ER BB
Score Nasal symptoms Activity level ( playfulness)
0 TAER &R
No symptoms Fully playful
WEEER WM RE K
Perr T T I
1 ; i Responds to play overtures but
Nasal rattling or sneezing L L.
does not initiate play activity
X
2 N::f‘a?dischafgj:g on ERAER
Alert but not playful
external nares
3 1 =P RERAER

Mouth breathing Not playful, no alert

K43 Clinical code
ps

0d 14 2d 3d  4d
G KB Day post infection

B3 EHBPFHEKRRIED ()
Fig. 3 Scores of clinical signs of the ferrets

infected with H3N2 influenza virus
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WG FTHEE P RERLENER, A -
BEMENE TR, EHRRGE R LR
&3,
2.4 BRERFETULER

BYs dfE, SEMERLME, KAWL 2 it 4
R ) T 0 00 TG A TR ASUWR Y ke , 3 4 4R
WRE . 58T WE K I LUK 4 2% B 18] BR 1 il &
K EE D, Fi 2 2 A Bk B R E 4 o A B
yrokFeum, #B bk EE R R R AR BKH, R/
WIS R W b B 0B SR BE B IE , R B e T
T B AU B9 EL 40 B K B L 2R 40 B B 3K BE R
EW ERmEmE., HASR R RARRE (F4,
WE— ), 10°TCID, 4 5 10" TCID,, 28 it 40 48 5 3
ERBABEN.
2.5 BIEEFENESNRER

EMBEE,  BRRAFEBERYBRERE
W5, R ER 10°TCID, A B HARPESEE 2 Kt
AT LUK 3 205 2 , W B 10™ ' TCID,, , — B BVR S5
FAXTURWBERE, MAMZBEFEERY
KRERMERTHROKY, 10TCID, AER#E
BREEFEERYBRERNABE, SR NE3,
PSR HAIN2 SR BERLATHE, LB BT
WEHER MBS, T BN 0 & %) AR b A R
BWRBERATRENBEE, NBS—-FEXE,2 A
WENREREERE, PR EHFEHNASER
A—BE—EBRE L ER 10°TCID, 2 — MRS T
FHBAEWNE,

EREBREES REFLT, RERIF.
BN RAR R ERENE, SRER
SF B B 2 4R 5k 4 39K B, 10°TCID, 4 E 58
/N R 9 B ZE 1000 ~ 1077 TCID,, 2 4], 10°
TCID,, 41 #E 10"*TCID,, (£ 4), DA LR R B
THNFERLESHEEEY L PREZ IR
BREFE WALAZRETERLANEE LK,
BEALAWMBERBHEN—CERET LA
H3 N2 975 3 bk AT LA e 7 1 5 DA 41 i 4 4 3%, 3
EHAEH B

ERBLF, BRBATFERYMRERR
WE, ERER2ANMHEASHREBRRESE L XE
BREES K, FFREHSHETREE, LA
5., M 10°TCID, 2 #1 10" TCID,, 4 E 58 & W & # %
ERENEERRBRALER,

3 g

FIF/N B BY B8 8 5 AT BRI A A
MARRRAWERE T EATE. ARIEIR
BHHY R S RBNEEN T FFRIE R HE
R FRERGR ), — 2 A BRI G 9 BOR 72 /D
B EIHREER S, T E AN 2 AR KE B8 LA AL
Y BRUR & N Bk A BB RN B, T B AT LB
NARFRESH S YR, A B B RRBRRE
HUEEH LERBRREATELLIEREN, B
BEBHEMI N ETRZE, EMNTHRRBRE
Xt A TR R R

%3 TRBYS AT EE RPN 5 (log,, TCID,, )

Tab.3 Virus detection and titration in samples from nasal cavity (virus titer was expressed in log,,;CID,,)

R ) B B Y R B Days post infection

Infection doses 0 1 2 3 4 5
10°TCID,, 1 - 2.1 - - - -
2 - - - + + -
H3N2 3 - - + - + _
107 TCID,, 4 - - - - - -
5 - — - - - -
6 - - - - - -

F4 ERBRTFTHLERERRBEFL (log,, TCID;, )

Tab.4 Virus culture from tissues of ferrets (log,,;CIDy,)

Mt Spleen ff Lung /N Small intestine B2 Brain

B Y& Infection doses BF Liver
10°TCIDs, 1 -
2 -
H3N2 3 -
10" TCIDy, 4 -
5 -
6 -

2.3 -
1.8
2.2
1.8
1.8
1.8
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Fig. 5 Virus loading from nose of infected ferrets

AREBHERRE HBN2REFHAABH
PR E R RER, AR E TR, RER R, E
BE TR, W, TR, X 5 AR SR
R EE o B RE R AH LAY, 50 B Y )5 I B B Bl AR
BEEAEMARBRES . ARBNARNKE®RE
A/Brisbane/10/07 , R BB RAERE , RELBER
B5,10°TCID, AEHMAEF BERYEL 1 XES
4 RBUTUSBIIERE, XITERRBTERR
RIEHBT RSN EIFRGEHR, I HRENHEL
ERTHES AFEERYRERENERLS
X—g5 R MY &, 10" TCID,, # A/Brishane/10/07
WEKBLAERE FETENERBER R T L
WREHEZEAR RERENE RS A/HK/43358/
09 BRPEWMLERML EXHKREREZXTHENE
B(HERARER) . XK A/HK/43358/09 355 T Bk
B R Y S1 8055, A L 3 T & A/Brisbane/10/07 ¥ iE
FE MY HIN2 34 &), A/Brisbane/10/
07 REHRBRERE, BH REEE R I MHHH
b T B O T A TR B R
Hmi, BT R EANNEHABY KM, FE
KM, R RE XA b AR IR A BTk B
WEATTR KRS MRS KL 8. K&, &
MM R AR, BB E
A4 R & B 10°TCID,, 41 T 48 A4 s JR Al IR A% 28 4>
BER

B 10" TCID,, H B &, 10° TCID, (R H i E E &
FFE S R EREA,

FYHERBEHIN2 HHER A RRBRED LR
BRAKNFER, EURL/NR, B DRBRE Y
BEERBEEE T BMWEME . X T H3IN2 K8
BRLHLHR, Y EH TN EESENHY
B, AKIRBMERAEHERBERN Y ERAE
KEREAR FREIHNERLURLRERELERILY
EE S ARG RS 45 RAE L, H3IN2 fRAR &
HREHET —IMHRF &
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