FRmS: 10384 P ) B

25 21720080150421 UDC

B r3
|+t % A 8 X
ANBBIEfRE Echo25 BIRR B ¥ R REZFIFES
I EESF A16 B4 R4S BUHT 5T

Virological and Immunological Characteristics of Human
Echovirus 25 and a Murine Model of Coxsackievirus A16

Infection
X 3

BFIPRE: ATH FK

+* L & AR AMREESTENF
HXRXAH: 20144511 A 10 R
HX A 20144512 A 10 B
AT AH: 2014% A B

EMERSTR. MU HuZ
oo A
2014 4£ 12 A



B AXFFAR R e R

AN AT ZEAL IR SCRANAE IR TR, MOL 58 RIS -
RN SCEAE T S22 HABA NBUEER T2 R R TURR, BT
F DUOE 7 AR B, RSV ERE A (BT TR R A AR,
L GRAT))Y.

TAb, FEEAR SR C BTHR D B (4D FTRCR, kA

( EFRBHESTH (20112X09401-403 ), [ %X @R B H 54
(81371817), [z ASNEFAHFIES (30925030) ) PRAEEL 2 nsk
Ky will, A C JITORAE ESAL i 2 W ) 5 5 v LR ROR BT

FUHL ) SEE e

PN (4. B
2014 4£ 12 A 10 H



BIXFEZFAOE X ZENERFR
A NIRRT )RR (P N RN ] 22 07 4508 47 50 7 i)
SR E DR B AN 22 1 50, JF 1) B AR T ) LR e MU IR AT 22 AT
W3 CEFRACTRR AT, SRVFAA R SO T TR 2 B 0 &
FCHE PER A 1) A P o AR N TR BT )RS e A i ST 4 [EE A
Bt 2 (A0 SO B B PEREAT R ZR 5 R 22 67 18 ST R s iR 47 1
G R, SRS EN . 4 Belr L e 07 AU B S At e
AL RS E T
C v ) LAREITRPRER N SHERENIRE FA, T
FoOH HE, SR R
C ) 2. AR, @] AL
GEELL FAHNAE S 94T “ V7 BUE BRI N . R ZEAT 183
ML OB TR AR 2 s B I W e 30, RERT TR IR
e R E AR SR N AT AR S o LA IR AHE |, BRIA
WP S, 38 EIRBERL)

Sﬂ

&

FHHN (Z544): fiTfi
20144 12 H 10 H



Hx

B R e e e — e e ———aa———ea————ea——————a—————a—————— I
(O00] 0] (=) 4 T TUTTTT T PR PP AV
B B et VI
F AN 0 1] 1 = (o1 PR X
i1 i TR UUT TR SRR X1
B rreereressrernnsseennssernnsserensssennserernnersressrsernseserssimyalrere b D einerernerernnererns 1

1. AR R R R R e 1
I B EE =i a e <SOSR 1

12 T BT S G5 oo 4

I 7 B EE L s e TR TR 6

B R R B A e 7 L= = 8

2. A R I R T B DT oo 9
2.1 HEMD 5 08I0 B 1 T 2R oo oo oo ee e oo e e et en e 9

2.2 Wi s wi FE TS N 120 FIAT IR B e, 13

3. NG EFRERLEHAIGKRIEKR SEBIFE ... 20
KRB R [h e i s 1 (07 N TE 7 N 20

KW B R iR e v | O 21

4. HEMD $8BBB R E BIRR T S TTBH ..o 23
VSN 7B =R 15k 100 L ST R RO SRS 23

4.2 NGB BRI oo, 29

4.3 T AR I T oo, 31

5. fEt R KX ABBERER Echo2s FARHER ..o, 38
NI RS o= o 0 7 B 39

5.2 ECh025 M5 B I TEZEIE ceoeeeoeeeeeeeeeeeee e eee e, 39

5.3  Echo25 9 5 IR RFE R S IRATHRE R v, 43

6. RIS BT B BIFIEE N oot 49



7 k3 R 51
Lo BB e 51
L1 E TR et 51
1.2 FETEEH oottt 52
IR I SRl 0 OO 52

1.4 SEBG ISR L RTFRIEIC A oo, 54

2. JT Ik e 56
2.1 H DY T TEBETZIR TTVE oottt 56
2.2 M FLEI I IIE TR oottt 57

2.3 TREEIT S BEFR WRZE LA oo, 57
2.4 JHEEIIRL T TUE T oot 59
2.5 JHEF LRI coocvoveee s 59
2.6 FEE G0 9% B sy A ) Echo25 9 BE T FIHTAA covvvce, 60
2.7 ECh025 FIEE RNA KTI oo 61

2.8 ECh025 Jp5 FEFEA 2 DNA FITEEE oo 62
2.9 BIICEFITVEFNIEIGE T TTI e, 62
210 BIILLIIIA oo 63
211 BB HLE T oot 64
2.12 S e MU AT TRAR R LR e, 65
2,13 ARIEDE T 66
204 TR ELISA FII oo 67
2.15 P TE BRI A oo 67

C b T 70
F—8a: BEITHMRFROBRTERIR o 70
1.1 HFMD B FRA I TRIE oo 70
1.2 B HFMD B ARA AT MIFE (oo 71
1.3 HEMD J5 A5 RIS T 20 3T oo 72
1.4 HEMD JR A I AE RS 5 PRI I3 AT 3T o, 72
1.5 HFMD J5 400 BRI ST 23T oo 73
LB /NG e 75
ZEB4: Echo25 FREBHITITT ..o, 76



H %

2.1 ECh025 Ji HE 0 B 0 T oottt ettt 76

2.2 Echo25 Jpi B BT 75 SR YL DEFE R oo, 88

AN L0 1oL R N 1K1 92

2.4 EChO25 H IR I T V222 37, oot 96

2.5 ECh025 T T ELFUITEIE oo 104

2.6 Echo25 4lifh Jy vk gd 3 r A T2 IR oo 108

2.7 Ech025 TR EFSNNBEGEAE TR (oot 111

p 3R T 2T 116

FE =% : CAL6 SR RERIBEBRII TR oo, 117

3.1 EFH/N B CALE FREEREIITHIE oottt 117

3.2 520 CAL6 /MRILEFAIMIZR oo 118

3.3 CALG JEGL/INERALZLUZRTI .ottt 122
Koy N Lo AL . L = Ay A 124

LT N TSSOSO 128

g3 S O SRR 129
1. EEH—TMENBEREERITRZED .o 129

2. BERBHNSBEFESERBERBEMETEE .. 131

3. BEREBEEEEEFTDBLEREIFM ... 132

A BB R R I AR oo, 133
5.CAL MR EBREEHBEIMEST N ..o, 133
INEERRIE ..o 135
" A TR S OU SRRSO 137
ERE B ARSI EHRIBEIER oo, 156
4 TR USSR 157



Context

Context

ADSEFACT. ... e X
ADDIEVIATIONS ... X1
INEFOAUCTION ..t 1
1. Virology of human enteroViruS..........cccocveieiieiecie i 1

1.1 Classification Of ENTEIOVIIUS .........cceiveieririiieieie it 1

1.2 Morphology Of ENtErOVIIUS .......cceeveiieiiecee e 4

1.3 Life CYCle Of BNEIOVIIUS ......c.eiuieeeieiee it 6

1.4 Molecular biological feature of enterovirus.............cccecvevverveveieieeenene, 8

2. Epidemiology of human enteroVirusS ... 9

2.1 HFMD and €NEEIOVITUS ....c..iiviiiiiieiisiesieiei st 9

2.2 Molecular Epidemiology of human enterovirus ...........c.ccocevvrveveeennen, 13

3. Clinical symptoms and propagation characteristics of enterovirus.......... 20

3.1 Clinical SYMPIOMS ..o 20

3.2 Propagation characteristics of enterovirus...........ccccoeceveeieeveiieveesnene 21

4. Detection and Prevention of eNtEroVIrUS ..........cccccoereiiiene s 23

4.1 Detection methods Of eNtEroVIrUS ..........ccccovviieriineieseseee e 23

4.2 Animal models Of ENTErOVIIUS...........oceiiiiiiiiecce e, 29

4.3 Research progress of prophylactic VacCings ..........c.ccccevvevveveiicvvecnene 31

5. Research progress of echovirus 25 which related to viral meningitis ....... 38

5.1 Enterovirus related to viral meningitis............cccccoovveveiieiicic i 39

5.2 Virology 0f 8ChOVIIUS 25 ........cciiiiiiieeee e, 39

5.3 Clinical symptoms and propagation characteristics of echovirus 25.....43

6. Purpose and significance of the research...........cccocoovviiiiiiii i, 49
Materals and Methods...........coeiiiiiiei e, 51
L MAEETIAIS ... 51



Context

LI INSTUMENTS. ..ceiiiiiiic e o1
1.2 CoNSUMADIES ..o 52
1.3 Reagents and animalS...........ccooeeiiiiniiiseieeee e 52
1.4 Preparation of solution and medium .............cccccvevviieiienece e 54
2. IMIBENOTS.....c. e 56
2.1 Methods for routine molecular exXpriments............ccoccevveeiveiesieesiniinnnn 56
2.2 CeIl CUIUIE ... 57
2.3 Virus isolation, cultivation, concentration and purification................... 57
2.4 Negative staining of Virus particles..........ccoovvvoiiiiicinniinnineeee, 59
2.5 VIrUS TIEFALION ..ot 59
2.6 ELISPOT neutralization @SSAY .........cooerveriireiieninieiesiesie s, 60
2.7 RNA detection of eChoVIrus 25........cccociiiiiiiiiiiiceeeseeeee 61
2.8 Cloning of echovirus 25 genomic DNA ..o, 62
2.9 Lethal virus challenge and statistical methods............c.cccccvevevievvenenne 63
2.10 Sampling animal tISSUES.........ccuuieierierieresiese e 64
2.11 Making pathological sections of animal tiSSUes............ccccccevvervenenne. 64

2.12 Immunohistochemical detection and hematoxylin and eosin Staining 65

2.13 IMMUNOTIUOrESCENCE @SSAY ....vveivveeieiciie et 66
2.14 ROUTINE ELISA ..ottt 67
2.15 Monoclonal antibodIes. .........ccceoeiiiriiiiree e 67
ReSUIES @and ANAIYSIS ......ccoiiiiiie e 70
Part 1: Epidemiology of HFMD in Xiamen ........ccccccooevieviiic i, 70
1.1 HFMD patients SPECIMENS..........cciiieiierecriesieesie et sre e sre e 70

1.2 Testing process of suspected HFMD ..o 71

1.3 The time distrubution of HFMD CaSES..........ccceivrireiiiiiieineeee, 72

1.4 The age distrubution of HFMD CaSES .........ccovvieiiiiieneniseseeeens 72

1.5 Pathogen spectrum analysis of HFMD CaSes..........ccccevvvvvveviniiieennnnn 73

1.6 SUMMANY ..ottt 75
Part 2: EcChovirus 25 ReSEAIrCh ..........ccviiiiiice e 76



Context

2.1 Isolation and identification of eChovirus 25..........cccccoeiiiiiiiniiceen, 76

2.2 Viral culture and infectious clone of echovirus 25 .............ccccocvieienn, 88

2.3 Monoclonal antibodies of eChovirus 25..........cccoeveieieiieniiiceee, 92

2.4 Neutralization method of eChOVIrus 25..........ccccoviiiiiiniiciseeee, 96

2.5 Neutralization antibody of echovirus 25...........ccccooiiiiiiiiceen, 104

2.6 Purification of ChOVIIUS 25.........cccoiiiiiiiiiciee e, 108

2.7 Murine model of eChOVIrUS 25...........cooiiiiiiie e 111

2.8 SUMMIAIY ..ottt ettt sttt nba e b e et e e nnaee s e 116

Part 3: Establishment and application of CA16 animal model.................. 117

3.1 CALB SLrAINS SCIEENM ...ttt e e ane s 117

3.2 Factors affect CAL16 animal model ...........ccoeiiiiiiiiiiiinineeeee, 118

3.3 Infection detection of MOUSE tISSUES ...cvovrviviiiiiieiciee e, 122

3.4 Establish protection animal model CALB .........ccccceveiiiiiiniiieeee, 124

3.5 SUMMIANY . e e 128
DISCUSSTONS ...ttt ettt sttt n 129
1. further strengthen the epidemiological surveillance of enteroviruses .129

2. Enterovirus isolation and virus genome infectious clone...................... 131

3. Enterovirus genome reorganization and genotyping .........c.ccoceeveeennen. 132

4. Enteroviruses immune serum cross-protection...........cccceeveveeieiiennn, 133

5. CA16 exhibit high toXiCity iN MICE ..o, 133
Summary and fUtUre ProSPeCES .......c.ccveieerieeiieese e 135
R 1] =] ot USSR 137
PUDIICALIONS ..o 156
ACKONWIEIEMENT ... 157

\



S

RE

b N it s 2 e 5 B2 1 T A2 9% (Hand, Foot and Mouth Disease, HFMD)
ZRAT B, 1EFRIENEE WAL G RS FIPE T e, e
BN LI A A A e . 2014 AR TR IE T 9 1K) R el 2012 4E AT 2013 4[]
SRR ZE, 2 W TCBEN S B I 198 P SR A0 2 ) o L T R Rt i DX
HFMD 1% F 2 5 i i 28 71 8 (EVT71) AR 259% #% A6 B (CAL6) %,
HER TR R R 2, — S8A /D Oy 1) i 0 75 [ R AR mT 3 3508 T
PEN I IAE S I e 2E ) i % 2 D68 AL (EV-D68) e i it it A~ S A i) Z 451
PRI, T JRAH DG PR8I A T 90 2% W 4 B AN ) i T 35 (R BE R P 00T T S It
RIFIR A 5 F B R A T EERE L. AWHSUFR T E T THIX HFMD
(K10 FIRATI 22 R AR S, 04T T MR T T M DX 193 85 (R A T 3, (]IS T B
FEATER T BT, 6ok F T TR R I A7 2 M 35 (K 13 s # - Echo25
RUTFRE TIREBE A A T 9T, AT T Er e 2R A e B vy See s Aanill g
UL BT R AT ME IR . A IUR RN T CALG S GARAL, g HH ST
B35 PR v RN PEPUARIT SR (i S HE

ARSI S0 R T THLZ 2012 32 2014 1) HFMD B # G IRAR AT T i
JRTEO FIRATIF AT, R EoR, I THIX RS (1 HEMD Sl 3y & 2 fe
T 2 ARG 3 Fx)%, Horh 2L, 4 55 8 A h 1. BFHMEE /i
FEN 1A 3N . W PR AR T AT RT-PCR AR I, 1 THLIX
2012 42 2014 “E1¥) HFMD &5 1R Ji /K = 228 EVT1HI CAL6, 7371 i 32% 41 16%,
H NS 3 A AR5 543 M, EVTL Rl CAL6 7E HFMD F8 35 i i B o] 5280
FREE, TR EVTL R CALG (1)1 dE AT L] BRI ETHESR. ZE s
e et DX 14 )l 05 2 AT 1 AT ) AL, RIVPE 5 I ) 2 BUAN [R] 24 531
TRTEAS TS o IXPN I G R] A AN [R] B T3 753 (1) A0 RN BRI S SR A A TG L 2,
IR TR @ HEMD 25 i MR . DAk, 58 AT T JR AN [7) 7 3 993 25 1 T
FON TARFH AT HEMD BAH SGP05 (1 e A2 AR A 6 2211

AW HE— 2D R #5r AE EVTL I CAL6 JEHL 1 HFMD &4 F5 A 7E MRC-5,
RD 1 Vero 4fi ffurf ¥ J& 7 e 5 43 25 W9, 43 23R4 1 Bk Echo25 Ji # i 7

Vi



S

Pk CB5 i B o He 1, 126k Echo25 J 55 A JiZ [ THE X B Ik 73 B3R 43 (1R AT PR (XM0927
FE) o AWEFUX 1% Echo25 #bkEEAT T 423 K41 e b 3 J)7 (GenBank No.
KP099941) . i % RAT A BERE K 20 7 81 T JiE R Gt Ab 70 M Wos, i3 iiR 5 3k
] 111 2R by X FA] 1 1B X 3125 ) Echo25 B3k GQ246503 F1l HM031191 [7] & D E 7Y .
Wk — 2P T e B R 40 F 21 43 BT o, 1% Echo25 BRI 5°-UTR X 5 EVT77 Jii i
W REAAAE A IS . AR I P IR T Echo25 5 2 1 1 A4 e DR 4 gk
etk va [, JEAE A0 M AR T i 0™ AR HAT I i g i 8, HUBERE D 5
JR RS BIRR TG R PEZE S o R S B Tl P I e Echo25 i £ 1 SRR Ty
BE ORI RN 1) 95 P 2 A SR L T B AT . AN SR T Ji€ T Echo25 i
RIS AU, SRAF TR AR e FE R, JE T TR BRI . JE
LK% Echo25 JiEe e BALB/C /MR, SRAFZ PG, JFdE—Diikikg 7 7
PRATRE SRR Echo25 #EFRIK B ve B BT i . i x) Lk 7 BRERHTR AR I A
RESEVEI TR, SRR, T 5B HATEAR ISR RSN REUE . AT
FEE— D4 T BRI A AL B AR I 1Y) 5B (5B9-HRP) #57 Echo25 /&4 i
RI R G e B AT 7 v, I ST T Echo25 HAIT A BEIR o 22 B4 G 7
P NHIZIE, AFFUEA 3 Ml Echo25 HoRITE sl TLA, S 2E9
HABARKTHAEE Sy, H1Cso 4.1 ng/mL. %} Echo25 Ji 55 Fus /N B i 2 Hi i
AT P S AN R i 1E T 1 AT RE DR o, Echo25 s 7 G LT AN g
FUAKF T AT e 4 il IE% 3, f55 CAL16. EV71. CB3. Echo30; [F]Hf
EV71 5 CAL6 WiTE 1 G 5 My thANRERHIT Echo25 RISy, R M RiTAF )
EV71 5 CAL6 7 i JCikBH I Echo25 [ Gy . AHIEFTRE— 2500 [ [ THIX 2010 4F
WAERIER 7> EVTL B CAL6 B2 3 I MG E4T Echo25 FRAITARR I, &
ILAL PR A ML A P Echo25 JE U4 M (IRE )y, X R HJET I Hb X P] RE A7 AE
Echo25 5 EV71 5 CA16 LG NIILIRAT G &L, B 152 BT Al FBam A A
Fisie AW WAL RZR T 5 T1% Echo25 WAT R 375 A/ USSR g ] AT
M, (H &5 R Echo25 X BALB/C B AE B BEHERAG, 75 BT e it — 0 IR 5t
PP AERE NGRS 2 1, b ZEEAE SN WK L PP I S i S PR R
PRI, GESTAHORI PP B R G 2, R & BN MR R B . Ky SCHF CALE
PEW WG TAE, AW TR T CALS YA 5T, {8 O TR

Vil



S

fii b, AW —DRAE T CAL6 5REEFR 4479 M1 Z49 XA/ e, Il
ST BEE 7 3 SER /I BT RIS RS E M S D T R, AL T CAL6 i)
IR, [N T G SR A SO A I 7 vk o AR CAL6 9 B S Bk
B A ) ORI AR AT G BB AR R A TR, 6 S AR R SR A SR BT, A
WF9EEL T e T RHEGUAR) CALS SR AL, Jf I CAL6 B sl iy
TRA SRV AL

B e R Rl EE 25 AL B PRIBUM MIEEET N R ALG
USEAILY ) i



Abstract

Abstract

Hand, foot and mouth disease (HFMD) is a common infectious disease in infants
caused by enterovirus, with high morbidity and mortality in Class-C communicable
disease. In 2014, the incidence of HFMD remains higher than 2012 and 2013.
Currently, effective chemoprophylaxis or vaccination approaches for dealing with
HFMD are still not available. The most common strains causing HFMD are
coxsackievirus A16 (CA16) and enterovirus 71 (EV71) . Besides EV71 and CAL6,
numerous outbreaks of HFMD have occurred throughout the world by other HEVs.
For example, the largest outbreak of enterovirus D68 (EV-D68) is currently occurring
in the United States (US), causing substantial hospitalisation of children with severe
respiratory disease. Therefore, the program to prevent this disease concentrates on
monitoring and epidemiological characteristics is of great importance. In this study,
clinical samples from HFMD patients were investigated in order to identify the virus
serotypes outbreak in Xiamen City. The predominant enterovirus serotypes were
analyzed. The virological and immunological studies of identified strains Echo25
were performed. In addition, the construction of the infectious cDNA clone,
immunological detection methods and vaccine studies were also performed. We also
explored the CA16 animal infection models, which is important for the research of
vaccines and therapeutic antibody.

In this study, clinical samples from HFMD patients were investigated in order to
conduct an analysis on epidemiological characteristics in Xiamen during the period
from 2012-2014. Monthly changes in the number of cases showed HFMD cases were
detected throughout the year. A sharp peak in the number of cases occurred in
April-August. The greatest number of cases was in the age group between zero and
three years. Overall, the main pathogens causing HFMD in Xiamen during the period
from 2012-2014 were enterovirus 71 (EV71) and coxsackievirus A16 (CA16), which
accounted for 32% and 32% of the total causative viruses by real-time RT-PCR. It is

important to note that the proportion of EV71 and CA16 showed a significance
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declining trend over the years. In some cases, the proportion of other HEVs has been
even higher. Besides EV71 and CA16, the co-circulation of other HEVs has also been
reported. This phenomenon may provide suitable opportunities for other enterovirus
recombination and evolution, but also increased the difficulty of developing common
HFMD vaccine. Therefore, a more comprehensive research on the other enteroviruses
for preventing HFMD is necessary.

Furthermore, isolation of enterovirus was carried out from HFMD patients
infected by non- EV71 or non-CA16. Finally, one Echo25 virus and seven CB5 virus
were isolated from MRC-5, RD and Vero cell lines. Interestingly, Echo25 virus which
named XMOQ0927 strain was the first time isolated in Xiamen. Firstly, genome of
Echo25 had been extracted and sequenced (GeneBank No. KP099941). Based on
phylogenetic analysis of the sequence, we found that XM0927 strain was subtype D,
which was similar to GQ246503 strain isolated from Shandong province and
HMO031191 strain isolated from Henan province. And as genome recombination
analysis shown, 5’-UTR of Echo25 might be recombinant with EV77. Then infectious
cDNA clone of Echo25 was first time constructed. And it had been demonstrated that
infectious cDNA clone of Echo25 could be efficiently used to produce recombinant
virus in cell model. Just like with original isolated Echo25 virus, recombinant virus
also could prolife in cells. It was suggested that infectious clone and recombinant
virus could be used for function, neutralizing epitope and reverse vaccinology
research of Echo25. Then, Echo25 had been purified and detected by EM.
Subsequently, the purified virus were used to administrate in mice. And the screening
of monoclonal antibodies against Echo25 were carried out with ELISA. 7 mAbs cells
were isolated, and 7 mAbs were harvested. Among them, 5B9 had higher reactivity. It
was worth mentioning that 5B9 was conjugated with HRP, and a novel Elispot method
with 5B9-HRP was constructed to detect neutralizing activity of mAbs against
Echo25. Then 7 mAbs were evaluated with novel neutralizing model. And it was
verified that 3 mAbs could block Echo25 infection. Among them, 2E9 had higher
neutralizing activity, which 1Cs; was 4.1 ng/ml. At the same time, serum from
Echo25-immunized mice had been evaluated to neutralize other enterovirus. The

Xl
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results showed that it could not cross-neutralizing CA16, EV71, CB3 and Echo30.
Similarly, serum from EV71 and CA16 administrated mice also could not
cross-neutralizing Echo25. It was predicted that EV71 and CA16 vaccine might not
be that efficient to Echo25 infection. To further verify if EV71 and CA16 vaccine
could protect Echo25 infection from human, serum of EV71 and CA16 infected
patients were evaluated to neutralize Echo25. Serum were collected in 2010 at
Xiamen City, and were detected by Elispot. Importantly, it was observed that few
serum could block Echo25. It was suggested that patients might be infected by
Echo25, EV71 and CA16 at the same time. However, it was not verified due to the
limit detection method. Also, we try to construct Echo25 infected mouse model.
Unfortunately, BLAB/c mouse was not sensitive enough for Echo25 infection. It was
worth to take further research.

As we known, evaluation of immunogenicity and protective on animal model
was important to vaccine clinical trial. Specially, it’s necessary to construct virus
infected animal model. In order to evaluate CA16 vaccine, we also tried to construct
CA16 infected animal model. We had isolated high infectious virus strain 4479 and
Z49, which were evaluated in newborn mouse. In our studies, the stain of mouse,
stability of the virus, and administrated methods of virus were also optimized. At last,
CAL16 infected mouse model had been constructed. Also histopathological detection
method was established. In previous studies, it was reported that neutralizing
antibodies of pregnant mouse immunized with CA16 virus could transferred to
newborn mouse due to the fetal blood barrier. Therefore, we try to construct novel
model to evaluate CA16 vaccine based on neutralizing antibodies obtained from
mother.

Keywords: Enterovirus; Echo25; Infectious cDNA clone; Neutralizing antibody;

CA16 animal infection models
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