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[ Abstract] Objective To investigate the natural infection of Theiler’ s murine encephalomyelitis virus (TMEV )

in mice, and to survey the distribution of virus in tissues and the changes of serum antibody in the experimentally TMEV-
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infected mice. Methods Enzyme linked immunosorbent assay ( ELISA) and fluorescence quantitative RT-PCR ( qRT-
PCR) assay were used to detect the antibody and nucleic acid of TMEV in clinical samples. These samples included SPF
mice collected from Guangdong area in 2010 —2015, mice obtained from a non-barrier laboratory rodent colony, and wild
Rattus norvegicus live-trapped around the non-barrier laboratory rodent colony. 36 ICR mice were intracerebrally inoculated
with TMEV BeAn strain.

euthanatized at day 0, 3, 7, 10,

The clinical signs of the animals were observed daily post-inoculation. Three mice were
17, 21, 31,
were collected for TMEV detection. Results

from Guangdong area in 2010 —2015 were 5.29% (n =2834) and 27.27% (n=457),

39 and 46 post-inoculation (dpi) , respectively. Tissue and serum samples
The TMEV antibody and nucleic acid positive rates of SPF mice collected
respectively. The TMEV antibody
and nucleic acid positive rates of the mice obtained from a non-barrier laboratory rodent colony were 71.95% (n=82) and

53.66% (n=82),

the TMEV positive mice, only two mice showed obvious clinical symptoms.

respectively. The TMEV nucleic acid positive rate of wild Rattus norvegicus was 25.93% (n=27). In
The cecal contents, feces and brain samples
were the best candidates for qRT-PCR assay. The viral nucleic acid could be detected in the brain, heart, liver, lung and
stomach of ICR mice at 3 dpi, but no viral nucleic acid was detected in the spleen, kidney, and cecum. The viruses in
liver, heart, lungs and stomach were completely cleared at 10 dpi, and the viruses persisted in the brain throughout the
experiment. The TMEV antibody could be detected at 7 dpi, and then the antibody positive rate reached 100% at 17 dpi.
The antibody level increased gradually and maintained up to 46 days. ICR mice showed latent infection after TMEV
inoculation, with no obvious symptoms and eye pathological changes. Conclusions The experimental mice and wild Rattus
norvegicus in Guangdong area are both infected with TMEV, and the infection rate is high. The mice inoculated with TMEV
BeAn strain show latent infection. The TMEV antibody produced in mice can be detected at 7 dpi and persisted until the
end of the experiment. The viruses are found in the liver, heart, lung and stomach for a short time, but are persisted in the
brain for a long time. There is a good consistency of TMEV detection between qRT-PCR and ELISA. The qRT-PCR assay

can be used as a powerful complement method for the national standard of laboratory animals.
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A5 R P I S i W B 35 ( ELISA) Aol
FE R RT-PCR ( qRT-PCR) P Fh &G I J7 1 X%t 2010 4F
~2015 4FJ AR HLIX 256/ BL TMEV 347 1% O 2k 47
PE A IR Ik YRR TMEV &Y 5256/ B, 4R
BEFIHUARTEN TG /N AR N IH KA T 5T,
R E R W | By 45 KA I ik i g P BRI 22
A

1 #eFnrE

1.1 fREMAMR

TMEV BeAn # £ (ATCC VR-995) Al BHK-21
YL ( ATCC CCL-10) W [ 35 [ MR A ) D A O
tul, 75 BHK-21 401, 40 i 7E & 10% fa 4 g
(LR AE DR A R W) ) DMEM 5 85 3% 72
(Gibco A A], EE) FiFE 3 d ~5 d, B K Ep
B AR, SR A 2 80% ~90% %%,
FEEE KW, I 500 pL. TMEV S5 EHR T 75 cm?
I, 37°C 5% CO, BEFRAH WM 1 h, 752
FRP BE VRO A TG I 3 A DMEM 40 Jifd 4 45 3%, 37°C
5% CO, FFAiER3 d~5 d, SA0MK 28k« + +
+ o~ o+ o+ o+ T R IR R, - 80°C
WRAT R GR35 ,3 500 r/min #5030 min &
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BRAMLEE Fr, B4 s RO Ok B TMEV H6 8, 1%
83 W IR IR BT qRT-PCR X5 2545 DL 5k
e,
1.2 Iz

36 5 MEPE,3 JE#Y, SPF 4% ICR /NEW T4t 5T
Y38 RS B WA RS B (AR 7PV ATIE S - SCXK
(&H) 2012 - 0001 ), (Joi & & #&% W 7.
11400700121383) , s/ F% T A48 S e sl 4 s
JIr Z g A A R S = N (AT UE S,
SYXK( #2012 -0122) , LA G/ BG4 12 h &
WG, H R oK, s Scm It st ™ &
A8 SEES B W W I T 2 ) A R A B 51 s A (1-
TACUC2015003) ., T 5 /N Bl 28 ELISA A 8 52
TMEV $iTi& M,
1.3 KRR

I RFEARIRALAE : (1)2010 4F ~ 2015 4ET 7R
by DX WS I A A RN ZS FE IR ALY SPF T AR /N ERL
/NEUMLTE B/ RS , 3t 2834 £y, (2)2014 4F)
TS FFOA R TP 32 0 /N ER 82 H, (3) AL
H— R e B S A AR 1 B AE AR AR R 27 R, G
PAR AR A/ BRURD B A 48 58 BRI I3 A E B 9 25
Yy, —20°C O-AF, ITH T FHuiRss i, & b 24 A
M T AR R
1.4 ANIRCERKLE

27 HICR /NRAER RS A B AKGEA , BOk E
1.0 x 10° copies/ L B 55 W0, i PN 142 55896 7 TR
20 L/ 2 shWEfin s s B 20N g 46 d, &R
ZEENYIR AN AT R G B RE IR MRS S TE
FERDBYES 0 RIC3 Hah¥y, VIG5 55 3.7 .10,
17 .21 31,39 .46 KET, LA HL 3 Hahdy, & 2/
BUBE ST 0.1 mL 0. 1% % UL LG Z 8N RE Y, AR I 4k
ARER R 1 I 25 107 , B — 20°C vKAE R BTl Bl
J& /IS BB ST 22 SR K, ARG, PR SR B 0 I | I |
FLIE A B IE G RS B B N SRR
—20°C VKA AR FE A% IR . 9 H ICR /MR B ] 55
FERmE SRR, 7E56 10 .21 R 31 RASHL 3 Hmy & Rk
PR AR R AGI
1.5 ImiEHmEam

/NELILYE 5% H TMEV ELISA H 4446 138 %) &
( ZE[E XpressBio 2 ) dEAT RGN, HAKEAE 20 IR 4%
WA G UL T,
1.6 FHZEKEN
1.6.1 FEAALFRALE RNA $48 . A2l 2R ZE (8

FEAHL 0.2 g, A 600 wL ) PBS ZE 0, FEIA 6
~8 R SEALEE RS ER , T HerosBio TL2020 1 1 2H
SUIFEEA (AL b RERHCA R A F]) EBFEE 3 min
~5 min, ¥ WF 85 5 21 W 10 000 r/min 50> 10
min, X 200 L 35 A AZ FR Sl $21857) & ( TIANamp
Viral RNA Kit, K2 A]) $l$2 5. RNA, fii | DEPC
7KK B RNA B9 BEJREE 2] 10 ng/ pL,
1.6.2 qRT-PCR:qRT-PCR 5 il| 2 ME 7 S 258 57
B oy ok dF A7 R EY, e A ek sh, A
PrimeScript™ RT Master Mix ( Perfect Real Time )
(Takara 23 A, K ) K B RNA $E47 S5 5%, 15 2 /1)
c¢DNA K ] Premix Ex Taq™ ( Probe qPCR) ( Takara
ONE] KIE ) OO PCR Y71 OV AKR N .
2 x Premix Ex Tag 10 pL TMEV ¥l | F 51 #4
WIEY R 0.5 pmol/L, FREF LMW E 0.4 wmol/L,
¢DNA #5# 2 pL, /il RNase Free dH,0 %20 pL, X
N ZAEHR:95°C 30 s, —MIEFF;95°C 5 5,60°C 34 s,
45 MEI ,60°C TP ZE R TG, KA TMEV
JREARE s VR S 2 BEO REAS v (9 95 75 48 DL BSGHEA 7
FE A
1.7 HIBELBRESEITHH

K F SPSS 22. 0 %4 Fl GraphPad Prim 5 {43t
TR AL B K Gt o3 M, WD I A 45 5 L AR
FHBC X 1550 %8 BF McNemar 5 347 — B0 vE 6 56,
Kappa {HiE1TPEHY

2 #R

2.1 MNERERBPPAELR

2,11 PUAAKS IS5 S BRI A5 R LR 1, AR
HE A1 2010 4~ 2015 4FE AR ML IX SPF 2%/ B
TMEV $iAK Y F N 5.29% (n =2834) , T JF L 3
Bl g/ NI PR R 71.95% (n =82)

2012 RETRAS I A S R R A T 5 R L3R 2, AR
R 2010 4F ~ 2015 4T AR HB X SPF 2/ R
TMEV ¥R BHYER K 27.35% (n =457) , TR 5
Tl /B Bk 53. 66% (n =82) , T Tk it
A BRFT A 20 600 B 2R 4 2 BB MR R R 25.93% (n =
27) o FHRI A bR Ui 5 [ 6] G v = 03 BH PR AR AR 3
TR B0, 0 45 3 R =N REAR Y 1 B L
SAHIE , 24 84 bp, i#iid Genebank I A% Blast ZX{F
PEAT 5 Ee X, BHPEREAS 1 7 51 5 Genebank | 1Y
TMEV Ftk &5 EUT18732) W [E %N 100% |
WEIG REEA A TMEV BHPEREA
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F1 /MR TMEV Pk FETER S H
Tab.1 Positive rates of TMEV antibody in the mice
o . P
o Mt bt e FEEGO i)
Sample types o . Positive rate Total
facilities samples tested positive samples
2010 422 50 11.85
2011 445 31 6.97
SPF 2% /MR, 2012 198 8 4.04
SPF mice 2013 444 21 4.73 5.29
2014 448 28 6.25
2015 877 12 1.37
BAR €2 ACE N Wit A 51 50 98.04 7105
Mice raised in open environment it B 31 9 29.03 ’
®2 /NETMEV &L RS T
Tab.2 The positive rates of TMEV nucleic acid in mice
R 45 i N PR BHER(%)  ATH)
Sample types Year or facilities . Positive rate Total
samples tested positive samples
2010 116 49 42.24
2011 80 38 47.50
SPF 2%/ 2012 15 7 46. 67 7 3
SPF mice 2013 106 12 11.32
2014 111 12 10. 81
2015 29 7 24. 14
FETCA B 1R 57/ B Wi A 51 36 70. 59 53, 66
Mice raised in open environment i B 31 8 25.81 -
EPERGEREL / 27 7 25.93 25.93

wile Rattus norvegicus

2.1.3 ELISA Hl qRT-PCR J5 %l % : % i ELISA
H1 qRT-PCR PIFP 5 2% He v — M5 i /N B AT 6
AR BB A 325 TMEV $0 44 1 2 k% 2 B
PEAR3 M 34. 33% F135.32% (n =201) , 455 WLl
1, RABC X805 B McNemar 2 #E 41 — S K6
55, Kappa {H #1739, e it Ar 45 R K W1, LA
ELISA R 5 5 mbnife, 28 i PCR 45 R 5 H I
B ERLGIT#E X (P =0.868), Ui B #Fl 5 vk
2 TMEV JER YL 25 50— PIA kI 5 v W) & &
# Kappa =0. 605 (P =0. 000) , 15 BH 5 b A ok L
AP —ME (R 3) o MeAh, mIEE Ak % ik
Jinks % TMEV BHM: B 2 0/ INERUA B I A IR
AR, b — RN J5 R, o — HR Ik 3k
B, I R AT, 1 H /N B HERR LAt
2.1.4 TMEV JREEAE F ARG /N R 2N Th i)
G3A  BLH qRT-PCR J5iE X 16 H A SR gL /N fL3E
fE E WY ik GUIE I O U B I A
B A R RN AR TR, AR TMEV 8 8 76 /) BRUA
PR 23 A0 1 O, 43 BT AR S R A SR 2% T 1 1) B AR AR
FEAS S5 R IS AE R G I 8 25 ok R de

LU AT RIE /0> BRUIE | O E | A I | U A
WA Y TMEV 1R, 45 W3k 4, B 7Eff H]
qRT-PCR J7 #8847 TMEV &I, 2868 H I N &
WA B FE R R R AR AR

3 FELISA 5 qRT-PCR K/ N BRI ARFE AL S L
Tab.3 Comparison of ELISA and qRT-PCR results for

the detection of TMEV in clinical specimens

qRT-PCR it
ELISA N ~ Total
+ 52 17 69
- 19 113 132
A1 Total 71 130 201
TE + 7RI, - " FORAE,
Note. “ +” represents positive result,“ — " represents negative result.
2.2 MRATREZHRE
2.2.1 WERWEE  ICR /N REFN TMEV J& , ShIL 47

SR R RS R 2 A5 R G B I AR b, o 3 A T
A S B UL B2 AR Ak, /N B BB R TR |
2.2.2  IMVEPUATEEARL N EEF TMEV 556 7
KITHEFA PR (A B =0.3 HHME) 17 d JGHK
FHE R IE 100% (n =3) , PUIARIKF Bl E YL ) [a] 34
Tt PRk 39 d IR B E g G & 46
d Al — B4R K (B 2) .
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R4 TMEV JRTELE FARES /N BUIE &5 P A9 A

Tab.4 Detection of TMEV from organs of the naturally infected mice

. - BN o . ,
e T WME FPRE OBE WME WBE WS
Organs Feces B Brain Spleen Liver Heart Lung Kidney tomach
contents
N 1 of positive
umber of positive 16/16 16/16 10/16 3/16 8/16 2/16 3/16 2/16 3/16
samples/number
of samples tested
35 S
Number of samples tested
30 om0 Ak R P4
Number of antibody positive samples
= %R R
25 Number of nuscleic acid positive samples
s
f=N
i 5 20
g
8 15 n
% E H B
z L
10 g § H HHH B
| T T
ST s -
HH B i ; :
oL HH O HEH o Hg H
\\,\t\ "{/\\\(o"{/\%g\\%'\?o\gwb\:\\\’%b‘cg%
\Q\\\ \Q\%\ S < Q\\\ \\\v\ \\\b\ 0>\ \"7\\\ \">\Q\ \bgb\ \b@ x&\w&\(ﬁ @6\
A R MR
0 b i)
Detection date
B 1 2010 ~2015 4FH U TMEV BYLE 5L
Fig.1 The infection of TMEV detected by ELISA and qRT-PCR in one facility from 2010 to 2015
3 o o 1.0%107 1 ~>~ R Brain
e —— LI Heart
o 6 .
- 1.0x10° ~ —o- JFJE Liver
g 27 7 L0x10°A ij Lungh
= -1
%Tl 5 § 2 1 ox10° - H Stomac
o a g
C S 1.0x10° 4
Fid >
# 1.0x10% 1
03 @@ g Lox10!
O 1 T T T L}
3 710 17 21 31 39 46 0 —
B S R 03 710 1721 39 46
Days post-infection B ERE
Days post-infection
2 ICR/NEAER! TMEV J5 LS BT E (n =3) o
B3 KHLESREEE(n=3)

Fig.2 Determination of antibody against TMEV i
'8 crermination of antbody agains m Fig.3 Viral loads of TMEV in organs and tissues (n=3)

infected mice (n =3)

2.2.3 JREEAEIRASINGS R dr 18 3 nlgn NRREERD RO VRS P R RE T K IR A T —

TATEIG A 3 K FENA GO E PP A A A m A
BT IR, WRE B IUE L 1 mP R D E i 7 %
MR, HERHIREE 7 K, IFRER R EETH 2% MR 55 10

PRI 46 TR YT T AT 5
BERIE A 3 2, 45 LU B O 8 T 5 R
W o L 5 FOATAE
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3 it

ABFFEE X 2010 4 ~2015 4B AR HLIX 525G
/NELTMEV SRR AT A, 2550 &30 SPF 9/
Bl TMEV HURBHIE RN 5.29% (n =2834) , %2 FH
YA 27.27% (n =457) ARSI AR BT
ZRHBIX S /N A AE TMEV JE gy | HRL R 5
T B UL A AR ORI 6 Y SPF 94/ BB R AG:
I — e — bk B S Wy Bt R e 0 > BH M 2 5
7, R 434 vk b B A B M /0N BROR P AT R TR K
T PRI , B AR A% TR PEPE B0 (o = 125) S HUAR BT
it (n =150) 22K, (HR B AR K A9 FE A
B (n =457) /N TF UKD ) FEAR BB (n =
2834) 15 HH 45 S 2 SPF 2/ TMEV % iR FH
RIE R FPUARPEMER 3 [l i )8 45 % 3 TMEV
SRR AR TS0 S A R, i HL &k A g
()18 il 2 B SOR IR 4 5% 56 PR T AR /D B 18t 3
SEEi R ARG | R TR /N, SR AT A L
AR S A EE |, R I 7l A TR0, A T 4R S 50/
FRAS = B AE 2010 AR RGN HY TMEV 83 (38 o
T PR /INER A0 B 358 1 it AN EE BT 5 | S T B T
TMEV &Y, BLah, FF R B4 3% 19 /N B S A4 A
WER B 2R3 5 71.95% 1 53. 66% , G ¥ T 5t i
B R R /N, © A RBIE 58I BB A /N R
J& TMEV #8845 1), AR S2 58 A i — A4S FF il 2p
S5 it R SEC Al AR B8 A 4 5K BRURE 1 TMEEV BT, JiE
AR R B T LAHE Y TMEV F0KE 0% B8 15 Y 44
xR, HAT, TMEV H & E S bR SPF g%/
BN BER T HEBR (4995 JL, — 6 B T BB Z W T
TMEV A5, % F Fak A g 0 JAT8 /N A
FE LA P AL N I AL TMEV (14 W]

TMEV J& T 7808 7%, o 28- R 2 1L 376, AR
SR R HRIR AR EE J) %) TMEV BeAn B R4S H 2
Ty =R ) SR B g , AF 42 i 22 W S 36 28 o 3 K
Iy, Ja R FA s N 2280 5 XA IRy, N TR
RILICR /N BRI TE ) TMEV BEbR I 2 Btk
SR I R 1 I A 3 B dab i bR R HR O 95 B AR £k
ELA A ZE A A 3 2o 40 BRI 7 Fr) 5 2 26 ki 42 T 5
S B T AT 3 10 5 ok 1 A A0 JE I 3R, e 445 ]
I B IMLAE TP 2% B | HC v iz 2 v i 22 T LA
K, MM 2 RGe s B AR R LRI S 7
~14 d BRBEIERRS ARG N R S 2
PR O M T I | Aty JOE v G T 380 B A% R B

JUE B EFNE B b AR R B A R . R O
J A R AR RS 5 10 RE BT RR,
R EE TR /N BRAAR N 1 20 A 5 SCRR IR E A — a8 25
S, 1 RGP 22 5 0 IR R e S A I BE AR AT G
AR A TGO PR A iE D R
I , /N B AT T8 2o 2 HE R 1 R iy e B
PRI S BRI A RITA TR G 0 2 Sy B P, AR S
i3 ik R T P T TMEV A TR YR 6, 1045
T TMEV £y ERUA P9 #5 WE 25 41 21 rh o 2 43 A 22 il
THPUAASEAE I, R TMEV 5l 4 J8% g R 40 ) /5 F1F
Wit 5%,

H A7 52 55 3 ) B S An i 21 TMEV A U
D71 R MLE PUAASIN J7 2%, W ELISA (a4 6
FEPGIR I (IFA) Jy ik A5 HL LT 2 4G A 35
A TR B M e e B b /D B 2 W, B
—E MY, DL PCR AR A P2 0
BT DU T R BRI, 2L | R R
B R S A0 BB e FE 2 W ) T B
A [Rl Ak B ELISA F qRT-PCR 5 Fh A& I 7 2%
X} TMEV 47K I 4347, B ARG 356 v, i o
— BRI B AR AR AT T 6 AR ER LU AR
TN 235 5K 30 R A ) 9 LA R AT I — B0, 1
ARSI 7 1 34058 T TMEV B2 7, it
A, DAGI 25 S AT & B0, A6 %38 43 sh A~ iR ik 47
G D s P G I 7 ¥ A A — 0 25 5, o — >
R 5 sh i A R PR R PR i K AR —30h
K, N TG 56 45 B E I X — i s A — A
BRIAT RE 5 7 e i R DG, SR, 7EXT sh e 14
PEATRGI B 9 o g %) 0 245 S — M v 5 i
EL, WARR 7 0 R 0 245 SR T LU E Sk b 3t By 1k PH A%
SRk, R, 76X S ) BER SE AT TMEV W DU
B, 25 o AT A R % 1 o 7 2% ) B 2R A7
W, S AT b s s f B AS A TP

W qRT-PCR J7 2% TMEV [ SR8 /N B AY
HIANEY) S0 A 2 AR ST R, 25 5 &
HIANEY  ZEE AR S MNV PHEAR R & T
flds B H 2, B AE il qRT-PCR 5 ¥ #F 47
TMEV KB, 5 W 254 08 w2 S5 AR 1 e A
FEA . N TG, /N R TMEV J555 7 K
SEAT DRI B BTk, 2 5 TR K B T =, 17 d
JEPUARH M IE 100% , I —H 2] 46 d #] LLYE+y
B ERPUAIKE B 7 d ~ 17 d AfPE N R B
R I ES ) 5, 1 qRT-PCR K6 J7 2% 1T 7 32 Fib
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JE 55 3 KNZA RS H 9% B A% 2 , IIE 3K qRT-PCR
ATLAN T 8 B 2 W, 1B N A SE N
LT 2P PCR KL E A R FHF TMEV A6 il I B
TR EERT R R T TMEV [ 4R
TGN TR G PRAEAS HEAT 275 R 43 A, TE S5
qRT-PCR AJ LUA &b H T TMEV J& Y42 W, w] L
VE R SE 55 ) bR AR se e ik

(Ef - A I ) A i 55 16 3 ) I e SE g o

B TAE )
SE k.
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