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Experimental studies on infant Tupaia belangeri chineses
with EV71 infection
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Abstract: Tupaia belangeri are small mammals with a squirrel-like appearance; they were formerly classified under
the primates order despite the lack of derived features characteristic of primates. Given that 7. belangeri are easy to raise,
cheap to maintain, and have a small body size, a high reproductive rate, and close affinity to primates, these animals
would be used as an alternative to primates in biomedical research. Three-month old 7. belangeri chineses were infected
with enterovirus 71 (EV71) via three different routes, namely, oral administration, nasal dripping, and tail intravenous
injection, to study the infection in infant 7. belangeri and find a feasible scheme to make them an ideal animal model of
EV71 in place of primates. Daily activities were regularly observed, body temperatures were measured, and blood tests
were conducted. Blood and fecal samples were regularly collected. The infection was examined via the neutralizing
antibody test, reverse transcription polymerase chain reaction (RT-PCR), Real-Time PCR, and pathological analysis. The
temperature, as well as the white blood cell count and the number of lymphocytes, increased four days after infection.
Virus loads were determined in all three groups, and the peak appeared on, before, or after the tenth day, respectively.
Thus, oral administration proved to be the best route. The highest serum antibody titer obtained was 1:16. Acute paralysis
with urinary retention manifested after about two weeks, and pathological changes were observed in the brain, heart, lung,
spleen, kidney, and other tissues. In conclusion, 7. belangeri chineses can infected with EV71 via oral administration,
nasal dripping, and tail intravenous injection. Therefore, 7. belangeri are potential EV71 animal models for further
studies on the mechanism of pathogenesis or vaccine evaluation.

Wk 3 2011-10-27; #:52 HI: 2012-01-10

HEWH : A+ — 1 EFRESCHERIBH (2009BAIS3B02; 2011BAILISBO1); z #& RH HEAl 4 11 & g ¥R H (2006PT07-2); [H %K “973”
PRI H (2011CB504903); 5 [ ARBI R (81171573); 2 B4 N FEERIBF 98 v 1-Ri T 3% H (2011FB116)

*18i {5 /£ (Corresponding author), E-mail: djj@imbcams.com.cn; imbcams.lq@gmail.com

FEET T30, B, BEREUE, TP 1 NS YL 5T ; Email:windgone@imbcams.com.cn



8 ) W

7/ 33 %

Key words: Hand-foot-mouth disease; EV71 virus; Tupaia belangeri chineses; Animal model

T2 10 A2 oh Tl 3 93 ¥ 5 | R IR 4% 44, EVT1
ST TR 0 1) R BB IR —, AR R IR A TP
PR R 28 B FAH DG o il Iy R 2 v S5 I ACRE IR, 7™
RS B 4L AE Al RE, H AT
LA T o LA I B R RN SR
AT YV Sk —. BEWANEA EVTL
TGN BUARIE, Je)a e T LR (Lin et al, 2009)
FURAFE/IN F(Duo et al, 2009) 1K GeA AL, (HF A
RIE /N, AMEEAE BRI R BAE /N A 5 8%
e, TR L TP TAER 2. EAR
KRG WA IAT i 5% Nagata et al (2004)3# o i
BN T EVTL BRI RAY, RIS A
RPN ARAARAE S5 AP EL. Liu et al (2011) L)%
DNk g BVT1, JFEESE T8O /AT I B s
RPEM bR . RSP SR ERAL, AR M0 A
i, BRI, ShAe B AR . BRI R
—FlE T R S B, Bk IR R KK (Sargis,
2004), AP 5 ARG IEZ ML, BARK
PIRHIEE g, FEn EgR . AR b, HA
SERLARS IR () SE R I AE SR TR 3R
B, B0 22 BN WL AT FR IR o, A
TG B B g N7 T 8 55 22 Pl i Sk e P
i FE 7 (Wang et al, 2010). Wang et al (2011)fRiE %7
A v SRR A5 A Y T S TR A A R, BN
P Rl T S I 1 75 S . ARSCHFST T EVTL X
ARG RE ), TR AR AT AT

1 #RFITTE

1.1 w7

L11 sERshyy 2@ NTEFM F1 AR 3 i
s 14 L, MERER-F, AR (1204200 g, K EH P E
P 2 Bb 2 B e 2 AR F T e 2 R K2R .
1.1.2 ®FE EV71 MiERibR(FY-23), i EES
RbAE B = 27 LR ) A W0t 5 e B P 98 35 0 g R
Vero 44555, WREMIE Ky 8.5X 10° TCIDsy/mL
1.1.3 %&s  shilnsksr i HEMAVET 950, BX
W e MC-140 HL AT HAZ 4 303D HLCT15RE
MyCycler PCR 1¢. CFX 96 S:if5EH PCR 1X.
ND-1000 fiiE 584N W43 Y66 TR Thermo 44,
BRI TR A -

1.1.4 ik #1 Minimum essential medium (MEM)
AR IR AR UERT A 2 LT CE N RO A ) TR
B/ 7]). RNA $EHGAF RNAiso Plus (Ki&E=%E
Y):D9108A). i 5%1A] RT Master Mix (K% 5 4=
¥) :DRR0O36A) . PCR X #] 2 X GoldStar Taq
MasterMix (b 5% 4 t 40 :CW0960) Fil 52 i & &
PCR ik GoldStar TagMan Mixture(Jt 5% 5 4 tH:
4:CW0932)45 A, BLA S ERET25 th KE 5 2
L//NEIREID R

1.2 7

12,1 shWordl ik 14 2= F s B g, B
MER-F o SIBENL 2. WEWE A T S ARk
SPA, BEZ 4 DL, MERERE, S B IRZLGR 1.
A T7 RGN W I T S M AS B2 51 o WA
i,

F1 HERER
Tab. 1 Tupaia belangeri with EV71 infection in groups A-D

T Jp L f 1
a5l Wik se !%%/[UE. PILETREE (6
Grou Route of infections Dose of infection  Amount
P (TCIDs) (No.)
A #E'H Oral administration 8.5X 107 4(1~4"5)
B £k Nasal dripping 8.5%x10’ 4(5~8 )
C  ##lA:5 Tail intravenous injection  8.5X 107 49~12 %)
D XfH& Control — 2(13~14 %)

122 H#EWE WKW PiE RO
FEAARAS, BARE . KAESE . BER 9:00 W &k %
YN, TRE S fr SLAL TR, 8 i
o MC-140 HL PR V1 id Sk sh AT -

123 AR BOEHrER R KA R, Be
Ji 3 d 1R, BECRAE 0.6 mL. 2670 EX 100 uL I
H & W VY £ — 41 (EDTA-2Na)fi &t il ifi 5 FL kS
W, HAD B ME-20 CHA%H.
124 IMUH BRI AR o i SR A 7 & %
EDTA-2Na $ii &t I, 4% M3 &y i Bk 4> 7 A
HEMAVET 950 #AF 3d W HEAT 1040 i (10 5
125 FEERAE MIGERT 1 d JFUR, K 8:30 3K
B, HUFE 1~2 go RSB (EHH=
FE 55 32) B IR R 22 i i (PBS) TR il 1l 20% 203,
R Ab S B EiE 20 CHRAES

12.6  HUARPFRRLE  FRlfuEFE g% — 56 CK
% 30 min, H{ MEM 45520 2 fi5. 4 5 R 51



1 I EVTL AL o i 9

MR 2] 32 A T 96 LA, J3lH & 10 BE AR AT
i 50 pL, 544K 100TCIDso (1) EV71 37 CHifi
2 min, *PAT 4 L, FEEREFIFEIRIYEMTE . R EEAI4]
Hax FE I\ Vero 41 H8E 100 uL, 40 B 4iRk)E N
2X10°M/mL, F CO, HEFRMh 37 CHFR 74, #
REAE S0% 20 M FLAS 7= A= 993 42 1) J5z v A R 5 1) 450 40
SE AL R o B R 60 24 15095 75 [P Ak
%y, ELIRI 45 L AE 32~320 TCIDso /ALI, 556 H)
J%37.(Mao et al, 2010 ).

127 EV71 #ZBA&W 1) M A RNAiso Plus
(TaKaRa:D9108A) 45iak 7] 43 Jnll 44 B M 35 A S I
7 M RNA, f# ] RT Master Mix i #45% 4 cDNA.

2) ‘HM PCR: LLIHES ¥ cDNA MMk, [V
M Z TN SN G AT 42 FEAE SRR 28 1K) 2 X GoldStar
Taq MasterMix A G@UEATERAE, 45 EVT1 FY-23
(GenBank:EU812515) & [F [ HII AR 5F X & 11514
SR TR /| EV71-S(2369-2388)
5'-GCAGCCCAAAAGAACTTCAC-3"; F i 51 W
EV71-A(2 576-2 595): 5-ATTTCAGCAGCTTGGAG
TGC-3"; PCR =K & 226 bp.

3) Real-time PCR: [FIff: LA 54 [¥) cDNA b5

W, brdE b E BRRREE N 107, 10°, 10°, 10* #%
DU/L, S AR Z 0 Y. 4% 1 e A st B A T A0 1
GoldStar TagMan Mixture 35 G THAE, W4
EV71 FY-23 (GenBank:EU812515) HK:[K| 541 {557 X
w5 . LIF51Y) EVT1-F(2 828-2 848):
5-CGCTTTGACGCAGAGTTCACT-3"; K i 51 ¥
EV71-R (2 877-2 897): 5'-TTGGAGCAATTGTGGGA
CGA-3"; H4l EVT1-P(2 849-2 870): 5'-FAM-TTGTT
GCGTGCACACCCACCG-BHQ1-3',
12.8 ALURHEER A HOUSES Y K A aE
figda], B, M. D B B SRR
B, PR R AR E, WA, 2 pm
YR, 75 K - 40 (hematoxylin-eosin, HE) %% (%,
JeBE N LU B AR

2 &4 R

2.1 I&RYER

SCY AP IR SRR 3 d T A H B AR (R 1,
U 2 A T b LGB 52, Ot BEE, BERiG 3l
b o AR 27, 3 AU RIIAAE SR 4 TR JT 4R
BTV, 5 6 KAvJaIER R, ZJaIT AR IR
AP 1) e 2 JiJE KT 20 B o0 5 B S P ot

VERESE, WEAn 22, RS BRAD sh iy, ANREIEW
W, SERTRRAEAT, KSR R, HRIE T BE, W
H R o EEOR BT 18 d YR ZET:, Horhodl g3k
2L 4 5 B R A AR5 L2 (B 2).

395 (A) Oral administration group
38.5
37.5

(B) Nasal dripping group

(C) Tail intravenous injection group

(D) Control group

39.54

38.5_W

375 T T T 1
0 5 10 15 20

VEFERA] Time (d)

1 EV71 EAM AR A A S
Fig. 1 Changes in the body temperature of EV71 infected
Tupaia belangeri

B2 EV71 AR B IR M
Fig. 2 Small herpes in palm of EV71 infected Tupaia belangeri
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(A) Oral administration group
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Fig. 3 Changes in the WBC of EV71 infected Tupaia belangeri
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Fig.4 Changes in the LYM of EV71 infected Tupaia belangeri
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Tab.2 Neutralizing antibody of EV71 infected in Tupaia belangeri
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Fig. 5 EV71 RNA of infected Tupaia belangeri
a) MEHER; b) FEEREN; ¢) 4 SRS IR T .

a) Serum; b) Feces; ¢) Herpes swab from No. 4 Tupaia belangeri.
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Fig. 6 Changes in the viral load from the serum of EV71
infected Tupaia belangeri
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Fig. 7 Changes in the fecal viral load of EV71 infected
Tupaia belangeri (Oral administration group)
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Fig. 8 Changes in the fecal viral load of EV71 infected
Tupaia belangeri (Nasal dripping group)
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Fig. 9 Changes in the fecal viral load of EV71 infected Tupaia
belangeri (Tail intravenous injection group)
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Fig. 10 Pathological changes in the tissues of Tupaia belangeri infected with EV71 ( HE,x100)
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a) Brain; b) Lung; c) Heart; d) Intestine; ) Spleen; f) Kidney.
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