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(WA VA #T71% #5275, pp.l137-150, 2021)

3. IRSYAINAFEDRFTE

WA BFY, EER B E?
1) Department of Infectious Diseases, Mayo Clinic
2) B IEGLREWTGEHT ™7 A Vv A 55—

2013-2016 4F 1254 L2 R 5 7 £ V AJ% (Ebola virus disease: EVD) Oiiftid, F=7 %3 &
LCHET 7)) A4 IZEAY, w892 2 75 8000 AL E o ged # B4 @i KD EVD 77 b

TLA T Erol

AFETIE, KFTOHERKE % o 721K 5 7 £ )b A Makona variant (23 % 52

MR BT 5 & & H12, Makona variant 25 3 2 ¥ 7 AV AEIRICOWTHINT S, /2,
TATEED S 5AERRCEFTICTHBRLZEVD 77 7L A 7 &, EVD EESEENICERT 5 T

RIIANVALEDEHEIZOWTH LS. 512,

AL s & 7z EVD BHEEE OB SAER % & % B

T2, ISR )OO 5H 7RI IANVADERELZLWIZEVD 7Y M7 LA 7 OFRREIZD

WTHEET L.

1LIEC&IC

TRT 7 A )V A%F (Ebola virus disease: EVD) (&, T
RITANADEGN L > TSR SNLEMEDT AV
AMENERILBESIE CH B, BOBIER 2 M e L, #@Z%
DWATTIRIRAT 0% DEFEEDHE SN TWDE 9. fiE
SEDOEVD 7% b7 LA Z1E, BEENLLSTHOHEEANT
MET LR LDTH 728, 013HEICF=T25
7 7)) HE~NEKRL7ZEVD 7Y 7L A 213, &
YeB s 2 73 8000 ANPA L & 7% B2 & J e WEIEBL O K
WAT & o729, AKFATIZ, 2016 412 WHO 12 & b #&E8
HEENTWD, LaL, WTEED2S 5FEFED 2021 4F
2H, BOFX=7IZCEVD OFEDHRENT. B\
CEZ, REATICTHEESN T RITIANVADT /7 LI
FERFNICIE, 2013-2016 FEICHHAT L2 A VAD L D L
BLTIFE A CBBIZGECHRD SN ho 2 Y. Bl
DFATHHB LTS 5ELOEMBICHAY, KTy
ANVAZED L) ITHEFRES L, 2 L CEVD k%5 &t

AR
Department of Infectious Diseases
Mayo Clinic
200 First Street SW, Rochester, MN 55905
TEL: 507-538-7623
E-mail: Yamaoka.Satoko@mayo.edu

S LA D ? AR TIE, 2013-2016 4 @ EVD K
Fagl&fz L/zxRT % 1)V A Makona variant O 451
W AV AEIRE-AT 5 & &2, EVDAEFEICE
5 ILHRT T AN ADFHGEGE L OCFIHEHLIZOWT,
BLVHRZBE R AL ER L7\,

2. IRSIAINADDEEEE

IRTIAIWAEK, 74874 )VAF (family: Filovilidae)
DIKRT A )VAE (genus. Ebolavirus) \ZJ&$ 57 1)
ATHA. THRTIAIVAEIZIE, Zaire ebolavirus, Sudan
ebolavirus, Bundibugyo ebolavirus, 7Tai Forest ebolavirus,
Reston ebolavirus B & U Bombali ebolavirus @ 6 & 7% 45
FENTW2Y) AMTHLALIART YA ILA (type
virus: Ebola virus) (&, Zaire ebolavirus FEI\Z 7 E N 5
MW—DT A VATH 5.

IRT 7 AV AL, FH£E80-100 nm, F£& 700-1,500 nm
DT 4 FAYMROTANVATHY, #19,000 FEE 5
hhHIATA—RKEOIEFHRNAZ T ) L LTET .
TANWAT 7 AIFTHEEAOREEA'E (NP, VP35,
VP40, GP, VP30, VP24 BLX O'L) 22— F&hThHY,
INLOEAZIRT NE—-TBLIO) RS vy B
&1& (ribonucleoprotein complex [RNP]) (2 KFI &5
ANWARKT L Cwa (BDY. =r~a—7id, 1§
FHROMBE ZER, VPAOBLUGPIZL RIS,
T ANWVARFOHZFIZHIATH D VPL0 X~ MY v 7 A&
HE L L CEONEICRET 2010 L 70, fiEfE T
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B, 1110 5 % [http://creativecommons.org/licenses/by/4.0] & 1 25 1H L 7= (Biorender.com).

5GP IZHEOEEIZ AL 7 IRIZZEE L, ZHIKE ORk
G50 CCEREZES W —) A4 L 2R TFHIC
GENDYREY YT -EBAEERIE, vANVART A,
NP, VP35, VP24 3L 'L &HE» 5K &b, RNA
REERNA R A9 —¥ThsLIE, K1) 2F7—EkRE
F D VP35 B L CGE Ko VP30 & 2, 7 AL A
) ADEEE B L UOEE LS 5 W9 VP24 1L, X
LA Hh 7Y FOESKER L UK FHANORY) :AAAIZES- LT
Wp 62 Y E7oofEEEEICME, TRT YAV
ADT ) NI 2 WO ERHE (AR HE sGP
BXUssGP) 22— F§5 2 ERME SN TNS 2D
IART IANADIFEMEIEG T 574 VAERHESE L
T, A% —7x0 EHMEMZHEST S VP35 B L O
VP24%63Y 70 & N RIEISE % HE T 5 GP B L O
GP (shed GP) 3542 3515 T\ %, WVAME GP I, 1%
NEZZEHEDTLHEIZ D FIG-3 51375, sGP & & H 12 GP I
X35 RAPUAE G & D I & L CHERES A T REMED D
BEEZLNTND BB,

3. EVD O{&HE & iRke

IRITIANAOHREEIZTTE) THDLHEEZON
TWa WY —yiz, v MEFIZBIT S EVD AT 5
UE AR T 7 ANV RN L - B AR B & o Th B &
ENTHBY, EVD SIERZ OB L 2 & % FHA
LYoe b -k MERICEY, ZOWRTIHAT B 7.

EVD O@MFEIRIZ, 22058, A B L OO
AR ENIEE D, FV TR TR 72 & O LEHER D H
N L2889 R gRER, Lo <0, KR, 55
BLOHImZ &L OERSHET 2560 5. A
Y CHER S EELT 2 %A 121, MR =4
Yav s hbWIEEBRAER EIZX D IIENS 6-16 H
BIZFEIZE L. EVD 26 0EIE L7284, BEDOH 10-30%
ARAEE, BUEE, FEIEELRORBELYET
B2 ENHE ST WS 0,

4. EVDT7 I MTLAY

IRT I AIVAL, 1976 23 v TRFEMME (HF
A —=)V) TEDTHESNTCLE, BHEFTIARED
18 EVD fifi 251 2L Twb Y. 203 b, #&%
KBBEDFAT & 7% o 72073, 2013-2016 4£12P57 7 1) 41T
BHELEZEVD T 7L A2 ThDH. RFITORRE 7>
I RITIANVAE, F=Tx2FEmELTHT 7)) el
ANk EFHIZHERL, wRRIZ 2 75 8000 ALk ki &
WLz LaL, BISBRER AR TH-72b 00, Z0
AL (Case fatality rates: CFR) 1340%TH VY, ZnZF
TIHE SN TV EVD 12 X 235K (39 71%, b
BWIHATI%) 1L TR oTh-7 (K2).
COBEED1DIE, T7F US4 IV AFEKDOK
B BRIR A A % & & BB ) 2554 T Hl 2 BV TR LS
ERES NI ENETONE D). 20X ) RS
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REF REE RTEH BREER I (%) [95% CI]
*2021 ¥=7 12 23 ——— 0.52[0.32, 0.73]
%2014 ¥=7 11308 28610 ® 0.40[0.39, 0.40]
#2021 avIRTIHAE 6 12 . 0.50[0.22,0.78
2020 aYIREHIE 55 130 —o—i : 0.42[0.34, 0.51

2018 arIRIT#MNE 33 54 ——t 0.61[0.48,0.74

#2018 aVIRIHME 2287 3470 8. 0.66 [0.64, 0.67
2017 avIRIH#HAE 4 8 — 0.50 [0.15, 0.85

2014 aYITRI#AE 49 69 it 0.71[0.60, 0.82

2008 avIRI#ME 15 32 (— ' 0.47 [0.30, 0.64

2007 aYIdREHMNE 187 264 o 0.71[0.65, 0.76

2005 aVIRI#HE 10 12 — 0.83[0.62, 1.04

2003 aOVIRIHME 29 35 —— 0.83[0.70, 0.95

2003 avdRIHMNE 128 143 v e 0.90[0.84, 0.95

2001 avIRIH#ME 44 59 —te— 0.75[0.63, 0.86

2001 ARy 53 65 —e—i 0.82[0.72, 0.91

1996 E7IUH 1 2 = : 0.50 NA. ]

1996 ARY 45 60 —o—i 0.75[0.64, 0.86

1996 ARv 21 31 ——— 0.68 [0.51, 0.84

1995 avIRIHME 254 315 ' e 0.81[0.76, 0.85

1994 HRv 31 51 b 0.61[0.47,0.74

1977 2AVIRTHAE 1 1 ' = 1.00 N.A. ]

1976 VITRIHME 280 318 ol 0.88 [0.84, 0.92]

¢ 0.71[0.70, 0.72]

0

K2 ZhETICHRESNZEVD 7Y MTL AT EBER

025 0.5 0.75 1

Eie®E (%)

*021 FEIZFZTIZTHEELZEVD 77 b7 LA 71%, 2013-2016 4ED R EGEfTRZ R E 4 5.
#2021 4E 2o v TRFELMENCCTEAELZZEVD 77 7 LA 71, 2018-2020 ‘ED R EITAEZ Hk &3 5.
KL, 1LF S 9 http://creativecommons.org/licenses/by/4.0] X 0 &% 5 L 72 (Biorender.com).

WERNZ, ANV AEE SN AT 7 1) 51 EVD 7
FNTVULA 7 ERERDEVD 7 7L A7 OMEIZEH LT
&, RERORIETHERT 5.

2013-2016 4EDOVET 7 1) 1 EVD KFHATIZ R CHIBL L 72 o
72D7%, 20182020 4B T Y TR FILAETIEL T ™
NTLA 2 ThD. RFEATICBIT 2B 3400 AL,
PR 1E 2200 AL EIC Fozb ShTtwns 3,

5.7 71 HTHOEVD KFEITE
Makona variant D% 4%

1) Eb-EMEROBRICEYTAIVRIZESIEL -DH

2013-2016 £ 2T 7 ) A THER IR D o 7o 2R T
ANWAE, WTORLERSZ3AEF=T, YRYTHE
LY T LA A DERNIIALE S % Makona /I H 72 AT
Makona variant & #f§1F 572 %, §if o2 WHEETH
ZiB o THINT 2 BB EIL, b bADIEE 42 5 N HE

T332 L Bg L 22 E Ry A VAT BT 2 DTl
BROPEVIRNEE NADIIFORE L. 20720,
BEPODEMENTIANVADT ) MMENE S L1223
Fld, EIWCLUTo2 0148 FR L7 18 HE & Makona
variant (ZHERD T A VA XY S EHIER L TV 50H,
% L2 A HIX, Makona variant 235 L 72 ZE R 13X 1
VA DNGEEFEE 7213 b b AORREYE % 2L &2
P, ThHAH 1HHOBMIZEZ XL, WATHN» %
W E TORk A 2 BN 508 S 72 EF 1,500 DL R Makona
variant |2 2W T Z O &R/ AL PE SN, F
=7 CTROICDEES N2 AV AD T ) LG &
ENTz. EORE ARG SN A VAT A
IS BOERPER L TWAEZ EATREND, L L,
AGATICB T 5 Makona variant OZ 52 (mutation rate:
BRI A AL S I A U AR RO E L CHEIBEn
%) 1, #BEICEVDT7 Y N T LA 725 &RI LD
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2. REMEANDORFHEK

(FFiffa% &)

3. FFlid & UMl gk D115

(A IVA

IRZIAIR
variant

Makona
B4k Makona

BoEE 71% 40%

RRFEH|| 5131

voO7r—Y  hHREE
&
y
/} \\
oo o/
’.CD ®
o0

REM/ARRESEY 1 M A

variant ® 2N L {4 Tdh o 7= 576D,

P ST A WV AT ) LIRIEEE) % SRRV RAT L
72455, EVD iiATERIZ 408 £ 72 Makona variant (£ 2 D
DT NV—=TIZRKMNENEZ EprEN/z. 12HIZ, =
TR S N A VAR ST TRATE 2L —
722001, TOMTRToOSEES N AV A%
Et WATRB IV —T" Thp %6260 g9 7L — 7|2
BT B ANAKDT ) 22, 73 BROIERFEER S
FIERITERPNLODRBOLNA, 09 bikdik
Hrfo-0lx, GPOQFHOT I VBN T 7=
BNY UANEEHT B8 (GP-AS2V) Th o7z i,
GPO&FHDT I /W2 FMILZ B E~NOK G
LTVl Itk 20 kEn, x50 &
D GP-A82V ZERIIKREBDO Y A NV AME ELH2 7V —
TORHEETHEL, 2oL Tl ers
62636567 Sk 7= 2 HH O, Thabb, KLEHY
ANVADWE R v MEINTENIZEL S 200, v ) G
PHFEEI NS Z & & o7z,

IRTTANVADGP # RS/ 2a— ¥4 T4
VA, HDHWIEITERT T L) AKKF (viruslike
particles [VLPs]) % A\ 7z in vitro 25 Tlx, GP-A82V
LEA MDA )V AR F-ORAZIREL TV DB 2
LASRENT 026369 = o) GP-ASVERIZL B A LA

4. MRS LR BDEM
Rl 5 5|52 —LOES

3 IR T74JVZX Makona variant D4R & 1 IV XML
MAETIORTES 1613, HETISRTHES 16 & —33 5. HIE, L5 % [http://creativecommons.org/licenses/by/4.0]
X &5 L7 (Biorender.com).

K- OMIBERARELX FSREOMIBTCOREERSN, #
B, AEBWB Loy HRMETEED SN
Moz 026369 =z L1E, GP-A82V Z5#75 Makona variant
D MEANOBINIZE S L2 REEE A RIE L T\ 5.
LFitotix, H<FTe Mifg~o Y AV ZAD#E %
RETHHDTH o725, ZOMBIZFEEIZ, Makona
variant 75 GP-A82V L DERIZ L Y wmmfb L 720 Tldk
WL W R AR L. L L, By A VA E
VT EM S MBI ERORFIL, Z OMEIIE LA
BWZ ERBCRBLTWA, Marzi 5 Vi3, GP o 82
HEHOT I VRIZT 7= 2/ LiATMEkE, N >
AT AT RO 2 Fi$H D Makona variant & 7 4 7
W RGe & &, RGP oAGER, ks L OiiEh o
ANV AR, fEERERIS, ARG S L OEERE RS
FIZOWTHE LD, WIRDEHHTY 2 7V —7DlH
CHEBERZERIREO LN o/, BRENZ &I,
GP-A82V DR % /¥ 2 ATtk & R« S &7 )L T
(3, R WIRAT IR & G S 7 VTR T,
O L ARIRHETT OBIEMER, 72 & ONTHRR S L O A
AV A RO T EIAARD bz F72, WitkE w7
in vitro FEEETIL, GP-A82V DR % H$ LAt Rk
B 5 e MR TORBEEDS, WATHEROZN LD b
Wz EATRENL T, Zhid, GP-AS2V Z R |2

1% 25,
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£ ) Makona variant ® & MIE~NO BRI E T 72 &
WHORBLE IFMIT 55D THo 72,

BGET AN AEHWZEBRIZ LD ESNZINS OH
%, GP-A82V ZE %2 X 1) Makona variant AWy =) %
K3 HREEEL L RN A BET L0 TIE RV, L
L, FOEALD T AV ADIREMICE 2 b8, GP
b Lo A VAEBAE Y 3~ N3 5 #E T LICHE
L72BOZERIZE DT HH SN WREEIEVWE T2 572
5. FEEE, LEHEO Y FHICRO N7 I/ HBiE
e (L-D759G) &, ATERAMkOFGHERIZE S L 72 6
PATRIBEN T WA, Wong & 9%, WAT#HIRR 12 e
L7z IFNAR” 7 ZAD 40% AL L2 0izx L, Rk
L-D759G DR % EA L - B THAEZ 7 A )V A2
P72 T7 ADFHILRIT 0% THo/2Z L 2MiE L. &
512, 7z vy FEHWAERIZBWTYE, L-D759G @
BREET D7 AN AIEGAE A IRIRETT O L W iRIE
ERIT I EAIREINT.

7 AV A DTS E T SR EEHEIL (virulence
evolution) 13, EIYEMZE DB IC B W CTHEIER S
NWEHZHEOL Y 7D 1DOTHAH. BREINLERD
MTDS, A VAR BT 2501200 EL 2L b b
L7259, oL, HONHERIIOVWTR, #m¥ - R
SRR B L O A IV 2 % W72 HEEBRE R — 20
FEAT % SR AN A A D, HEIZ, 2 L CIEMICHERE
HEDDLZENERETH L. FRIZ, [TAVADE Milad
Lt NMEFNOEIL] & [TA IV ADE MIBITDH
%] 120w, RBEL R\ X912 2 D050 5 BfE
LT REDNH LA,

2) Variant BIC & (T 2R EM O LB EERT

3 9 12, Makona variant Q¥R JEME % BE S % T
HIRE&H2H A, €4, Makona variant ($Z DD
HE SN0 69, BEDEVD T 7 T LA 7D
JEA & 72 5 7210 variant (IR LT, REMIZESHTI O
REHTZZEDHMORBEENTVEHTHSL (K3) 7P,
1976 A2 FE L 72 EVD ATO K & o 722 KT 7 A )
A Mayinga variant % IFNAR” ¥ ™ A IZJK§ & & 5 &
100% OEEAFET=F 5 D IZxf L, Makona variant % &4
SRGAICIE, FOEICERIGHATOIIE - BT
DBEIZL 0% THo I b MEENTVwE ™, $72,
THITPFIVBLOH =7 P& R EGERIZB VT
3, Mayinga variant 7213 1995 4E® EVD WifT: 220 8
S 7z Kikwit variant D442 L L C, Makona variant
Z G S BRI BT B IRIRETT OBIEATFRD H LT
% M0LTM % g2 Kikwit variant & Makona variant %
e &4 72V IZ DT Jankeel 5 7 AN L 72 #E 2
7 A AW LEBSRENTIX, 7 A OV A OB, g o
R & E ORI AL, B LU AV ARSI
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B DL RIELEDOWTIUIZBWT L, Kikwit variant B
fEARIZIE#Z L C, Makona variant J&4e {14 o B4 AV
WZEERLTWAS.

IRF 7 A )V A Makona variant I&, P§7 71 #7128 W
THEERKHEO EVD it 2532 L LarLl, &
WATIZ BT BEIEERIZ40% TH ), Mayinga variant F 72
13 Kikwit variant 12 & - TH| Z#EZ S 72720 EVD it
TIZBUT BEHBEE (ZNEN88% F 7215 81%) L1 LK
Moz BIHEDOEIEHEIZIE, 7 A VAHF7ZTTER L,
FATHIIC BT 2 EFR I 7 S oA F 72 3B K 1
BB L OCBUAIE T, S5ICRERLDEERT AL
HIEZHHE T2 SO Ac 2 EZRNPEMEICES T 5720,
Makona variant @ & b 2% 3 2 55 5 & HOEER 20 & K i
DUF L EdHE L. F72, 40% &) BRI, oy
AW ABEFIED TR D LRIKE L THELCEHNI L
I35 FTO RV, —HT, ik L7z AV ALY i
MTi%, Makona variant 23EH @ variant & XX S 7z
ANWAERE AT LA REMEZ 5 CRIE L7 (K3). 2h
T, TART T AIVAD variant B2 BT 5 R OENZ
FILTIRIIEAEBEBENT I hno720%, 418, KT
TANWADEELZLPNICENENOEVD 77 N7 L A7
OYER X DR CHEMRT 5 720121%, variant [ZFFRAY 72
RIS B L CREI T 2 kD 5 2 L SEHEE/Z L %
Zbis.

6. TITIRERICHM L = EVD

1) ¥=7IZHF 3 EVD BT

2013 4R \258E L2 WE 7 7 ) 1 EVD Kiftfrid, @Kk
DIFEGZ SN B T LIz0H 2016 12 E L 72,
LL, ZO7 7 b TLA 7D E R o7z F=TI2BW
T, WATHEEDS 5 EMRE L7z 2021 42 H, FOVEVD
DEEDNWE SN Y, BREEPHERENDOIRF=THE
TBIZALE T 5 Gouécké &\ ) /NE R HTC, BRI KFEAT
D2 & 7 o 72 Guéckédou 20 5138 L Z 200 km B 7= H
P ET 5. SEmiER] (index case) & ENLEEICH
174 EVD OREZINE 2 SN Tniw, LarLl, BFO
FETCTR, ZFEHRICSH L RESHRWTRIEL, 2095
SANDIRT T AN AGEDHEE L2720, F=TI2B
% EVD OFAPANICES SNz RifTid, 23 Ao
(BB EL) LI 12 AORTEEZH L-0b,
2021 4E 6 I E L7 9

WRITATOEA L2 ECHOEVD 2338435 2 & 1T,
BLOHEFATIEZV. Fl2E ar TREEMEIZINE
TIZEF 10 ML ED EVD 77 b7 LA 7 2B L T b, L
ML, INSDT T N T LA 7L, &AM L7z spillover (B
HEFW AL e MERIAND Y A VAR B ZOSERN &
TH5LDTHY, ZNENOFATICEEMEDH 5 L DTl
ol
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Keita 5 %13, 2021 4EI2F = 7IZCTEVD AT 251 & 2
LRI IANADOHEREHRESL720, 12 AOE
HI OB SNIRIZOWT Y AV AST ) L EEFEFY %
EL, TNO2MEORTRO T/ ARSI L & L1245
FREFINIENT L7z, ZOMER, BIREZ LI, ik
TFICTHEE SN2 AV 2%, SAERTICTE 7 7 ) /1 CHiAT
L7z A WA EGTR ECR—2 9 A% —%2BT 5
CLAUR S NIz TAUL, WTATIRASERIZIIZE L < Bl o
T2 IR ERT A, FEBIZ, WiTHRO A VAT )
LI, DI 12O 7 I ) BERL 2O 5NR
Motz TOFIL, 2016 12 EVD AT EE M 2 T
MO SEORIZ, T A NVANFEEEND L VIXBIOREE
NUEIFE L OB A )R L2 LA HE L THRINS
NAET I VERERBICHERTELZPINEVLDTH -
7o, UL, AREATORESAS, mIE O EVD AT & AR L
TeHEAFBEOERNTIHIEICHGE T 5 2 & 2 i LTz
ANVAICHRT B2 L2l CRB LTS, 72, 2021
SEDOWATT A IV AL, FOF /7 A2 2013-2016 4E EVD i
THREBETERD SN2V OLOEMN T 3/ B
(b MEEIGI D7 IV HRiEREEZEZ 5N TWD) 2R
FLTWwW/zZ &b, RiffTosuma B g mkoy A v
ATIERWITEESZ B HFLTWDE, TRHOHRE F
L, EVD 7 M7 LA 7 o # B RS
& &M, 2021 45 9 BICHAT S N7 EATAERE Nature (298K
SNy Fo7TOEVDHBRICMAT, &L, av T
REFMENT20214FE2 A» S5 A2,y Citfr L7z
KT A VAR, 2018-2020 4F 12 [F [E] T EVD KififT % 51
X L7727 ANV A EBEIICECHEMEZ R4 2 &5
LN oTz. O ENS, REATICEL T, ol
M EVD AFE RN T 27 A VAHRTH 572 &
Fz2 5N Tn3 3,

2) EVD £FEERICE T2 VML AOHEFERELEL LUH

AL

IART 7 A NVAD EVD EAFH RN T RIARATR LS5
Tl INFTIIRERINLEZESDOBEICL VAL 2
ThbH. mOEERONL, BUHAGFEORETIZBITALY
ANV ABERT, FLFZEEETANVZAORETSH 5.
Thorson & 7 (%, EVD ICE L Z0%E1E L 7= B wER
#5220 N2kt L TR O R — Mg FE_L, 209
H 75% DWERE O F 2 HBREEK 6 » HE Y A v A
BIETHPHIB SN2 EEZHL2IC L. CORICBY
B ANV ABIEFRIEORENRIE, BFEf% 696 HTH-
72, EREOBZETIX, U ANV ABEE T S R g
2B BIRGEME A V ADHF I OWTIIME ST\
Vo L L, B E 223 W TV R W Bl oige
T, A NVABIETHEORTY > TV G2 A5
BT EDRENTWS T g2z EVD 45 O REHE

(AR ET1E $259,

15 7 A5k L 72 B EE & oMsc#ic L ) EVD % 589E
L7 ZMBEEOIEFTIE, ORGSR A FEMLEER KD
TANWATH 72T EDWT AN ) MENTIZ L DR S
NTW5B O Zofblizd, EVD EFEZOMER, Kb b\
FREALA S 7 AV ABET SRS N HE S H b 882
Hi7-7% EVD (23 A B X2 = ¢ JE K & 7 2 W REME 2SS
nNTn5,

L L72diE, EVD 25 47 L & O B R O B Bk
ERRE LR TH B, —F, B TOHS I3
DTHTH LD, TNETIIARL LD 36, EVD @E
HBERNICBITAZERIT 74 IV ZAOFEENILR S O
EVD OHBIENZO SN TWE, 1HHIE W7 770
|2 TR T 7 4 )V A Makona variant |ZJ&ge L 72 43 D5
MEERITH 2 5. YHBEIE, EVD WSSRER I A T
Pig e O CIMTENT * By 2EERERE E L2, 4
H 70 SRR & AEIAIMAE B X O A v AP 512 &
DR L 72, BEOIMEH O AV AT, S OF M
TIRBEMETH -7 FEET DY A IV AEETFERE). L
2L, BEEZOBIIEREY 2 LR, B2 9 HM%
WCHEELRAUREIBEREIEL. 20L&, BEHOIR
BAICIEZEL CEWY A )V R Sffi (Cycle threshold
[Ctl18.7) 2iR& B, My £ )V ADFFFE D R E N7z
2 % H 1%, Makona variant (ZJ&3e L 72 39 j&% O 14 F S il
Dr—ATH 5 EVD WIFEEMICEELERZE L,
Pk S ER GRS CEE L7, 161
HERBETH A, YHEHFIIBWTYH, BEROIMET Y
A INWABETIEEETH 7228, BEE2LS 9 » A, #L
WS 7 5 NS E O A CHREE L 2B II A RIS &
CMEEF RS TR T I VABETOMBEN, THRT Y
ANWVATEBHLIC L 2K LB SN. WMEEHEE D
HRIZE ) ZOBREE L7,

2021 4E 4 A Sz 3B H I, Rk 2 6 & 13w
KODPDETHELE-TVWEY, BEEFBHOBMUT
2018-2020 4E (23 v TR EWMEN THRAT L 2R T 7 A
VNG LFSRE L7z, UREEEITIE, gD 6 # HATIC
Ao T 7 F o [rVSV-ZEBOV (744 Ervebo) |
PRI N TV, B, £/ 70— F bk ostEriy
B L IR 2 Rk w2, 2 8B CBRE L7z BRE
Bi7e & ONTBRE 2 ARRICER S N7 T, BFE ol
WE 72RO A NV ABEET DM TH o722 LA
ENnTCwab, LaL, EBEX2S5 s HiE BOREICHEHN
RS O B RN EORERSHN S, 4
W, BEDVZH LB OERE TIX EVD 258 b 7
Mol TORERITEE(LL, BEISEL,LS 8 HiE
Wk SN R FEHEL= > + (Ebola treatment unit
[ETUD 2C, EVD H3IE L S S 7. BigdEid,
ETU It SN2 H, 2R HORED S 9 HiRIZZE
WMARIZENE L. ZOBROEBFRAICLY, LA



pp.137-150, 2021)

B ET D EVD &R R BISEE L T2 LAt
oML o7z KFIL EVD OFFEEL L MMERIZHT
727 EVD e 25 | S LD TOMETH 5.

3) IRTIAILRITE MSEBREBLETZ0H

[Fifege ] &1, EROFE LD LT T A VADS
FEWNC D7z o THRMICIER T 2 Bkl Th 0, [1BMHE
g, [EREEG] B XU TEBEEEG] 03212kl sh
L. BEREGE T A OV AR AR AR 2 S S
BOIKL, W& A IV ADIREMEE 2 ), 5
DR L TR SRR S ze < 7 2 IR & 72 0 b G
MAL 2 REER H53 %9, —fkmvic, EVD EIEEAE D 51E
ML T ANV ABETARE SN, ToEIEFHE & D
KT A2 &b, EVDAEFHIIBILTRIT T AL
ADEGAFRIE RS THY, T ARGV
AP BIHEET L EDOR TGP -72. L, METIHD
L7 EVD B5IED 2 HIHB L V3B H T, RIEE D
LFSIEE TIC (D LA ESNIHEICBNT) K
W25 7 AV AR SN WHIE AR L2 348 2o
Tl TRI A NADE M BRG] L1550 RE
PEEZIRIEL TV 5. EVD FIFSAERE 2 & UM FRESAERE L2 [H]
—HBEPOTHEEINI TR T T AN ADBEHEVEDE
L EDPoz2 8 d, 7 AV ADSIREVEIRE TR
LTCWm etk e LHFL T 5.

IR SR T UMV R E LTIE, g
B HE TR T 2 2 AR IR T B NIV A A L A
2, BEMBEET~NY A VABETZH8AATL oy
ANALEBRLCHONTVEY, ZKRT 7 4V ADYE,
b MEERGIE X OV I 72 EBRER O RS, A
WV ADKER, IRB L O R & & T 02 1 R AL
TR L2 2 EATRENTHY 8288 =hso
WENIRT ANV ADOBREAL L 2Lt EZ
5. UL, TKRT YAV ADEWEN T4 HhH % 15
1L, —KAICIEETEIRRE L 22 5 & & &R § RHARYGEILIZ
INFETICHEEIN TR, Lo T, TKRIIA N
ANk M [EREEG] 25| &R I 2ELEHEN L
AAHTH 5.

INFETICHE SN EVD BEIIDIT N 3FTH Y,
W7 7B L0ary IRELMENZBIT S EVD KAt
PHOELFEN1TT8000 NeiBz2 b & ez g,
WO THBIERES 25, LALERMS, K OMEHH
EDPICHFET AR T id T & v, AIEETHLY B
72 EVD HZIED 3 B1IZ, TR T 7 4 )V ADEFELERNIZ
BT [EBRIEY], &5 0WIEBBEEHCIIMBiTx %
WL ANV [EWEYG] 25l SR TREEEZRL:. 2
DT EWH, SR, L VEERELRRED AT AORKSEE
GO EVD ZWiRDORE LALEIZR 200 Lk,
F 72, BT T EVD HHRAED A 71 = X A IAH A,

143

s STz 3 HNI T IS R FERE ISR I R UL R
ZFTWeZens, BEEIOEMRIZELEDRRIINC
FHEINL Do/ REEDEZ OND. S5, TAILA
HF OB S 2 UL, THRKT 7 AV A DIEMAIF 73 %
ek IZHFE O variant 2R TR SN AW REMH L H 5
L, FEERNTY A NVAIER L I2DTHhRERD, WFR
1) 7 ey IS G- L7 TTREM O BETE v, S6% 5
BRI R 0B & BhY - B8 € 7V & H W 72 5FM 70
ik, SNETHOLN TV LR Lo/ RT 7 AV AD K
BAD AT = X LTINS TH S ).

4) EVD&FEERUEBELSHORY &4

2013-2016 £ DG 7 7V # EVD KiFfiAT, 7 5 ONIZ 2018-
2020 SE0 3 > TRFIHAE EVD Kiitfrid, £ < D TH
BRI, 1778000 A% 2 % 2 K o EVD 417
FTrhAa Lz, T0% L3, BEEY &0 L GEREHE
WA, HSERAPIEHE SIS 2 L2 X B RERHEEL
% EOREMI B L ORENEIEE L TWwb EVD A&
FHREREET LI GT I N T LA 7 OENRESN
=0T, ZO#EmMEVD EFEHIZE S5 AEEEN
LI LIV E ) RIIOEEZIL ) LEXD L.

EVD H{EEE~NOMII T =5 ) ¥ 7 h & Rk
RHIOFEEL, EVD OF#E Uik 3 % 720 O WHFIHD
1272569, %72, b L7-EVD BRIEF BT 25 &,
EVD HEEETH->TH, THRI I ANV AIHT 2 +5
BREERBEICEE AL TR WEAELRH L 2 LAHER SN
5. BFoBEEIZIE, RT-PCRIZX WEHho ™ A4 LA
BEFAREETH L LE2RTOIIME, KT TAIVA
RS B I FPPURG 2 JET 5 2 & CRE OB RIEILE
DEMALEZHEREST 2 2 EBRETH LS Ltev., Z0
B, —EOPURMIASRD SN o7 BEIIF L TET 7
FUOBHEEME L TOREWESS. — KT, EVD 5
JEDOSBIHDr —ATIX, 77 F VERENPTRT AV A
DG & FEVD F4E % TB5 L 2 4> 72 89, FDA f27]
A0 EVD 7 7 F > [rVSV-ZEBOV (#5444 Ervebo) | 1%
2013-2016 4D VG 7 7 1) 71 EVD Kift 4TI 12920 S L7z 1)
YT F A= gy (BEDSEE L e L
FELOMAANOERISR L CTitbiv s KB R 7 7 F o 55E)
2BV T TRV EVD SSIE PR R 2R L7228, €0
— )T, EVDEEZEDK 10%HIED LV 7 < & b 10 HFi
77 FrBREEZFEIE TV L2 RTHELH 5 Y.
L81%, T 7 F VHERR G X A RIERSEOME E &,
727 F @ EVD FIE TR RN T2 &5 % 5 EHROE
FEAko 5N 5.

KFGTlx, EVD #384E LZO®%EE L - BF BT 5
IART AN ADERFRRGZOWTHY FIF7245, EVD
EPF OHPIITIEIRD F 8T 2 BED—EHFET
HZELbhoTWE N ERD EVD EgH 2BV T



144

7 AV ADE OFEEE O RPN A LS5 DO LIRAED
EZARHTHY, TORIHLTHMELZE=F )
TRV THDLELEZOND.

7.8HUIC

2013-2016 4£ 12384 L 72 EVD O KiiAT, EFHARANIC
i+ AIRT T A IVADLOEVD FH¥K %L TEVD
HEBEOTIIER &, JT4E, TRT 7 A IV ADOFEMER
LUIZEVD 77 b7 LA 7 OFREICHET AEROME &
BEZLZHARPTS NI oTE 45%IE, IS0
e RO HL) AN BT, X DR R BRAESNR, T
7F b NITHEEORSEICI) M2 ko 5N s
72HH. FD7dIcit, EVDEBEEB LI OEEHICBITA
MR ROERmE L b12, B - MlRETVEH W
EVD JEREF BB - O 3l 72 7 F- - (RNt ST 5.
AR, TRT T A INVAEGETHFHH I N TS HRER
E MEv AL, A NVALEERIESREDOBD Y % B
T5ETEBICENLRTH S . £72, v ALK
P TREZ TV Z2HERICH L TL ) EEOE W ERY
BADI2IE, 4 OMIIZ BT 5 EIEF5EBZ X LT
fiHTC & % single-cell RNA sequence % W5 2 & L %)
BIESH R S5 LMEOEREIE, EVD TV R T L
A7 DFEAEB LUK IEN KA E 2 5 L TOEERAA
(27 5 LRI, TR AV AQBREN 72 A%
fREMPTHE D EDWIFENS.

SFMHTE T MV H T B FRE RS

ARZBIE L, BR NS FIEHIBUIREIC & 5 3k
b EEA.

5| A3TEk

1) Jacob ST, Crozier I, Fischer WA, 2nd, Hewlett A, Kraft
CS, Vega MA, Soka M]J, Wahl V, Griffiths A, Bollinger
L, Kuhn JH. Ebola virus disease. Nat Rev Dis Primers
6. 13, 2020.

2 ) Feldmann H, Sprecher A, Geisbert TW. Ebola. N Engl
J Med 382: 1832-1842, 2020.

3) Centers for Disease Control. History of Ebola Virus
Disease., <https.//www.cdc.gov/vhf/ebola/history/
chronology.html.> [accesed 21 November 2021].

4) Keita AK, Koundouno FR, Faye M, Dux A, Hinzmann
J, Diallo H, Ayouba A, Le Marcis E, Soropogui B, Ifono
K, Diagne MM, Sow MS, Bore JA, Calvignac-Spencer
S, Vidal N, Camara J, Keita MB, Renevey A, Diallo A,
Soumah AK, Millimono SL, Mari-Saez A, Diop M,
Dore A, Soumah FY, Kourouma K, Vielle NJ,
Loucoubar C, Camara I, Kourouma K, Annibaldis G,
Bah A, Thielebein A, Pahlmann M, Pullan ST, Carroll
MW, Quick J, Formenty P, Legand A, Pietro K, Wiley
MR, Tordo N, Peyrefitte C, McCrone JT, Rambaut A,
Sidibe Y, Barry MD, Kourouma M, Saouromou CD,
Conde M, Balde M, Povogui M, Keita S, Diakite M,

6)

8)

9)

10)

11)

12)

13)

14)

15)

16)

(AR ET1E $259,

Bah MS, Sidibe A, Diakite D, Sako FB, Traore FA,
Ki-Zerbo GA, Lemey P, Gunther S, Kafetzopoulou LE,
Sall AA, Delaporte E, Duraffour S, Faye O, Leendertz
FH, Peeters M, Toure A, Magassouba NF. Resurgence
of Ebola virus in 2021 in Guinea suggests a new paradigm
for outbreaks. Nature 597. 539-543, 2021.

Kuhn JH, Amarasinghe GK, Basler CF, Bavari S,
Bukreyev A, Chandran K, Crozier I, Dolnik O, Dye JM,
Formenty PBH, Griffiths A, Hewson R, Kobinger GP,
Leroy EM, Muhlberger E, Netesov SV, Palacios G,
Palyi B, Paweska JT, Smither SJ, Takada A, Towner
JS, Wahl V, ICTV Report Consortium. ICTV Virus
Taxonomy Profile: Filoviridae. J Gen Virol 100; 911-
912, 2019.

Feldmann H, Sanchez A, Geisbert TW. Filoviridae:
Marburg and ebola viruses. 2013. in Fields Virology.
Knipe DM, Howley PM. Lippincott Williams & Wilkins.
Pennsylvania, USA.

Harty RN, Brown ME, Wang G, Huibregtse ], Hayes
FP. A PPxY motif within the VP40 protein of Ebola virus
interacts physically and functionally with a ubiquitin
ligase: implications for filovirus budding. Proc Natl
Acad Sci U S A 97: 13871-13876, 2000.

Bornholdt ZA, Noda T, Abelson DM, Halfmann P,
Wood MR, Kawaoka Y, Saphire EO. Structural
rearrangement of ebola virus VP40 begets multiple
functions in the virus life cycle. Cell 154: 763-774, 2013.
Noda T, Sagara H, Suzuki E, Takada A, Kida H,
Kawaoka Y. Ebola virus VP40 drives the formation of
virus-like filamentous particles along with GP. J Virol
76 4855-4865, 2002.

Wan W, Clarke M, Norris M], Kolesnikova L, Koehler
A, Bornholdt ZA, Becker S, Saphire EO, Briggs JA.
Ebola and Marburg virus matrix layers are locally
ordered assemblies of VP40 dimers. Elife 9, 2020.
Miller EH, Chandran K. Filovirus entry into cells -
new insights. Curr Opin Virol 2. 206-214, 2012.
Carette JE, Raaben M, Wong AC, Herbert AS,
Obernosterer G, Mulherkar N, Kuehne Al, Kranzusch
PJ, Griffin AM, Ruthel G, Dal Cin P, Dye JM, Whelan
SP, Chandran K, Brummelkamp TR. Ebola virus entry
requires the cholesterol transporter Niemann-Pick
C1. Nature 477. 340-343, 2011.

Lee JE, Saphire EO. Ebolavirus glycoprotein structure
and mechanism of entry. Future Virol 4. 621-635,
20009.

Muhlberger E, Weik M, Volchkov VE, Klenk HD,
Becker S. Comparison of the transcription and
replication strategies of marburg virus and Ebola
virus by using artificial replication systems. J Virol 73:
2333-2342, 1999.

Tchesnokov EP, Raeisimakiani P, Ngure M, Marchant
D, Gotte M. Recombinant RNA-Dependent RNA
Polymerase Complex of Ebola Virus. Sci Rep 8. 3970,
2018.

Huang Y, Xu L, Sun Y, Nabel GJ. The assembly of
Ebola virus nucleocapsid requires virion-associated
proteins 35 and 24 and posttranslational modification
of nucleoprotein. Mol Cell 10 307-316, 2002.



pp.137-150, 2021)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

Noda T, Halfmann P, Sagara H, Kawaoka Y. Regions in
Ebola virus VP24 that are important for nucleocapsid
formation. J Infect Dis 196 Suppl 2: S247-250, 2007.
Hoenen T, Groseth A, Kolesnikova L, Theriault S,
Ebihara H, Hartlieb B, Bamberg S, Feldmann H,
Stroher U, Becker S. Infection of naive target cells
with virus-like particles: implications for the function
of ebola virus VP24. ] Virol 80. 7260-7264, 2006.

Mateo M, Carbonnelle C, Martinez M]J, Reynard O,
Page A, Volchkova VA, Volchkov VE. Knockdown of
Ebola virus VP24 impairs viral nucleocapsid assembly
and prevents virus replication. J Infect Dis 204 Suppl
3. S892-896, 2011.

Banadyga L, Hoenen T, Ambroggio X, Dunham E,
Groseth A, Ebihara H. Ebola virus VP24 interacts
with NP to facilitate nucleocapsid assembly and
genome packaging. Sci Rep 7. 7698, 2017.

Watt A, Moukambi F, Banadyga L, Groseth A, Callison
J, Herwig A, Ebihara H, Feldmann H, Hoenen T. A
novel life cycle modeling system for Ebola virus shows
a genome length-dependent role of VP24 in virus
infectivity. J Virol 88: 10511-10524, 2014.

Sanchez A, Trappier SG, Mahy BW, Peters CJ, Nichol
ST. The virion glycoproteins of Ebola viruses are
encoded in two reading frames and are expressed
through transcriptional editing. Proc Natl Acad Sci U
S A 93: 3602-3607, 1996.

Mehedi M, Falzarano D, Seebach ], Hu X, Carpenter
MS, Schnittler H], Feldmann H. A new Ebola virus
nonstructural glycoprotein expressed through RNA
editing. J Virol 85. 5406-5414, 2011.

Zhu W, Banadyga L, Emeterio K, Wong G, Qiu X. The
Roles of Ebola Virus Soluble Glycoprotein in
Replication, Pathogenesis, and Countermeasure
Development. Viruses 11, 2019.

Volchkova VA, Feldmann H, Klenk HD, Volchkov VE.
The nonstructural small glycoprotein sGP of Ebola
virus is secreted as an antiparallel-orientated
homodimer. Virology 250. 408-414, 1998.

Basler CF, Wang X, Muhlberger E, Volchkov V,
Paragas J, Klenk HD, Garcia-Sastre A, Palese P. The
Ebola virus VP35 protein functions as a type I IFN
antagonist. Proc Natl Acad Sci U S A 97. 12289-12294,
2000.

Basler CF, Mikulasova A, Martinez-Sobrido L, Paragas
J, Muhlberger E, Bray M, Klenk HD, Palese P, Garcia-
Sastre A. The Ebola virus VP35 protein inhibits
activation of interferon regulatory factor 3. J Virol 77:
7945-7956, 2003.

Cardenas WB, Loo YM, Gale M, Jr., Hartman AL,
Kimberlin CR, Martinez-Sobrido L, Saphire EO,
Basler CF. Ebola virus VP35 protein binds double-
stranded RNA and inhibits alpha/beta interferon
production induced by RIG-I signaling. J Virol 80:
5168-5178, 2006.

Feng Z, Cerveny M, Yan Z, He B. The VP35 protein of
Ebola virus inhibits the antiviral effect mediated by
double-stranded RNA-dependent protein kinase PKR.
J Virol 81: 182-192, 2007.

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

145

Schumann M, Gantke T, Muhlberger E. Ebola virus
VP35 antagonizes PKR activity through its C-terminal
interferon inhibitory domain. J Virol 83: 8993-8997,
2009.

Reid SP, Leung LW, Hartman AL, Martinez O, Shaw
ML, Carbonnelle C, Volchkov VE, Nichol ST, Basler
CF. Ebola virus VP24 binds karyopherin alphal and
blocks STATI nuclear accumulation. J Virol 80: 5156-
5167, 2006.

Reid SP, Valmas C, Martinez O, Sanchez FM, Basler
CE. Ebola virus VP24 proteins inhibit the interaction
of NPI-1 subfamily karyopherin alpha proteins with
activated STATI. J Virol 81: 13469-13477, 2007.

Mateo M, Reid SP, Leung LW, Basler CE, Volchkov VE.
Ebolavirus VP24 binding to karyopherins is required
for inhibition of interferon signaling. J Virol 84. 1169-
1175, 2010.

Xu W, Edwards MR, Borek DM, Feagins AR, Mittal A,
Alinger JB, Berry KN, Yen B, Hamilton ], Brett TJ,
Pappu RV, Leung DW, Basler CF, Amarasinghe GK.
Ebola virus VP24 targets a unique NLS binding site on
karyopherin alpha 5 to selectively compete with
nuclear import of phosphorylated STAT1. Cell Host
Microbe 16: 187-200, 2014.

Okumura A, Pitha PM, Yoshimura A, Harty RN.
Interaction between Ebola virus glycoprotein and host
toll- like receptor 4 leads to induction of proinflammatory
cytokines and SOCSI. J Virol 84: 27-33, 2010.
Okumura A, Rasmussen AL, Halfmann P, Feldmann F,
Yoshimura A, Feldmann H, Kawaoka Y, Harty RN,
Katze MG. Suppressor of Cytokine Signaling 3 Is an
Inducible Host Factor That Regulates Virus Egress
during Ebola Virus Infection. J Virol 89. 10399-10406,
2015.

Wahl-Jensen V, Kurz S, Feldmann F, Buehler LK,
Kindrachuk J, DeFilippis V, da Silva Correia J, Fruh K,
Kuhn JH, Burton DR, Feldmann H. Ebola virion
attachment and entry into human macrophages
profoundly effects early cellular gene expression.
PLoS Negl Trop Dis 5. 1359, 2011.

Olejnik J, Forero A, Deflube LR, Hume AJ, Manhart
WA, Nishida A, Marzi A, Katze MG, Ebihara H,
Rasmussen AL, Muhlberger E. Ebolaviruses
Associated with Differential Pathogenicity Induce
Distinct Host Responses in Human Macrophages. J
Virol 91, 2017.

Lai CY, Strange DP, Wong TAS, Lehrer AT, Verma S.
Ebola Virus Glycoprotein Induces an Innate Immune
Response In vivo via TLR4. Front Microbiol 8. 1571,
2017.

Dolnik O, Volchkova V, Garten W, Carbonnelle C,
Becker S, Kahnt ], Stroher U, Klenk HD, Volchkov V.
Ectodomain shedding of the glycoprotein GP of Ebola
virus. EMBO J 23 2175-2184, 2004.

Escudero-Perez B, Volchkova VA, Dolnik O, Lawrence
P, Volchkov VE. Shed GP of Ebola virus triggers
immune activation and increased vascular
permeability. PLoS Pathog 10: 1004509, 2014.
Tampietro M, Santos RI, Lubaki NM, Bukreyev A.



146

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

Ebola Virus Shed Glycoprotein Triggers
Differentiation, Infection, and Death of Monocytes
Through Toll-Like Receptor 4 Activation. J Infect Dis
218. S327-S334, 2018.

Mohan GS, Li W, Ye L, Compans RW, Yang C.
Antigenic subversion. a novel mechanism of host
immune evasion by Ebola virus. PLoS Pathog 8:
€1003065, 2012.

Bokelmann M, Vogel U, Debeljak F, Dux A, Riesle-
Sbarbaro S, Lander A, Wahlbrink A, Kromarek N, Neil
S, Couacy-Hymann E, Prescott J, Kurth A. Tolerance
and Persistence of Ebola Virus in Primary Cells from
Mops condylurus, a Potential Ebola Virus Reservoir.
Viruses 13:. 2186, 2021.

Leroy EM, Kumulungui B, Pourrut X, Rouquet P,
Hassanin A, Yaba P, Delicat A, Paweska JT, Gonzalez
JP, Swanepoel R. Fruit bats as reservoirs of Ebola
virus. Nature 438. 575-576, 2005.

Groseth A, Feldmann H, Strong JE. The ecology of
Ebola virus. Trends Microbiol 15; 408-416, 2007.
Feldmann H, Wahl-Jensen V, Jones SM, Stroher U.
Ebola virus ecology: a continuing mystery. Trends
Microbiol 12: 433-437, 2004.

Maganga GD, Kapetshi J, Berthet N, Kebela Ilunga B,
Kabange F, Mbala Kingebeni P, Mondonge V, Muyembe
JJ, Bertherat E, Briand S, Cabore J, Epelboin A,
Formenty P, Kobinger G, Gonzalez-Angulo L, Labouba
I, Manuguerra JC, Okwo-Bele JM, Dye C, Leroy EM.
Ebola virus disease in the Democratic Republic of
Congo. N Engl ] Med 371: 2083-2091, 2014.

Schieffelin JS, Shaffer JG, Goba A, Gbakie M, Gire SK,
Colubri A, Sealfon RS, Kanneh L, Moigboi A, Momoh
M, Fullah M, Moses LM, Brown BL, Andersen KG,
Winnicki S, Schaffner SE, Park DJ, Yozwiak NL, Jiang
PP, Kargbo D, Jalloh S, Fonnie M, Sinnah V, French I,
Kovoma A, Kamara FK, Tucker V, Konuwa E, Sellu J,
Mustapha I, Foday M, Yillah M, Kanneh F, Saffa S,
Massally JL, Boisen ML, Branco LM, Vandi MA, Grant
DS, Happi C, Gevao SM, Fletcher TE, Fowler RA,
Bausch DG, Sabeti PC, Khan SH, Garry RE Program
KGHLE, Viral Hemorrhagic Fever C, Team WHOCR.
Clinical illness and outcomes in patients with Ebola in
Sierra Leone. N Engl ] Med 371 2092-2100, 2014.
Vetter P, Kaiser L, Schibler M, Ciglenecki I, Bausch
DG. Sequelae of Ebola virus disease: the emergency
within the emergency. Lancet Infect Dis 16. e82-e91,
2016.

Tiffany A, Vetter P, Mattia J, Dayer JA, Bartsch M,
Kasztura M, Sterk E, Tijerino AM, Kaiser L,
Ciglenecki I. Ebola Virus Disease Complications as
Experienced by Survivors in Sierra Leone. Clin Infect
Dis 62: 1360-1366, 2016.

Shantha JG, Crozier I, Hayek BR, Bruce BB, Gargu C,
Brown J, Fankhauser J, Yeh S. Ophthalmic
Manifestations and Causes of Vision Impairment in
Ebola Virus Disease Survivors in Monrovia, Liberia.
Ophthalmology 124 170-177, 2017.

Hereth-Hebert E, Bah MO, Etard JF, Sow MS,
Resnikoff S, Fardeau C, Toure A, Ouendeno AN, Sagno

54)

55)

56)

57)

58)

59)

60)

(WA VA HT71%

IC, March L, Izard S, Lama PL, Barry M, Delaporte E,
Postebogui Study G. Ocular Complications in Survivors
of the Ebola Outbreak in Guinea. Am ] Ophthalmol
175: 114-121, 2017.

Group PIS, Sneller MC, Reilly C, Badio M, Bishop R]J,
Eghrari AO, Moses SJ, Johnson KL, Gayedyu-Dennis
D, Hensley LE, Higgs ES, Nath A, Tuznik K,
Varughese J, Jensen KS, Dighero-Kemp B, Neaton JD,
Lane HC, Fallah MP. A Longitudinal Study of Ebola
Sequelae in Liberia. N Engl ] Med 380: 924-934, 2019.
Kuhn JH, Andersen KG, Baize S, Bao Y, Bavari S,
Berthet N, Blinkova O, Brister JR, Clawson AN, Fair
J, Gabriel M, Garry RE, Gire SK, Goba A, Gonzalez JP,
Gunther S, Happi CT, Jahrling PB, Kapetshi ],
Kobinger G, Kugelman JR, Leroy EM, Maganga GD,
Mbala PK, Moses LM, Muyembe-Tamfum JJ, N'Faly
M, Nichol ST, Omilabu SA, Palacios G, Park D],
Paweska JT, Radoshitzky SR, Rossi CA, Sabeti PC,
Schieffelin JS, Schoepp RJ, Sealfon R, Swanepoel R,
Towner JS, Wada J, Wauquier N, Yozwiak NL,
Formenty P. Nomenclature- and database-compatible
names for the two Ebola virus variants that emerged
in Guinea and the Democratic Republic of the Congo
in 2014. Viruses 6. 4760-4799, 2014.

Holmes EC, Dudas G, Rambaut A, Andersen KG. The
evolution of Ebola virus: Insights from the 2013-2016
epidemic. Nature 538 193-200, 2016.

Kugelman JR, Wiley MR, Mate S, Ladner JT, Beitzel B,
Fakoli L, Taweh F, Prieto K, Diclaro JW, Minogue T,
Schoepp R], Schaecher KE, Pettitt J, Bateman S, Fair
J, Kuhn JH, Hensley L, Park DJ, Sabeti PC, Sanchez-
Lockhart M, Bolay FK, Palacios G, Diseases
USAMRIoI, National Institutes of H, Integrated
Research Facility-Frederick Ebola Response T.
Monitoring of Ebola Virus Makona Evolution through
Establishment of Advanced Genomic Capability in
Liberia. Emerg Infect Dis 21. 1135-1143, 2015.
Hoenen T, Safronetz D, Groseth A, Wollenberg KR,
Koita OA, Diarra B, Fall IS, Haidara FC, Diallo F,
Sanogo M, Sarro YS, Kone A, Togo AC, Traore A,
Kodio M, Dosseh A, Rosenke K, de Wit E, Feldmann F,
Ebihara H, Munster V], Zoon KC, Feldmann H, Sow S.
Virology. Mutation rate and genotype variation of
Ebola virus from Mali case sequences. Science 348:
117-119, 2015.

Simon-Loriere E, Faye O, Faye O, Koivogui L,
Magassouba N, Keita S, Thiberge JM, Diancourt L,
Bouchier C, Vandenbogaert M, Caro V, Fall G,
Buchmann JP, Matranga CB, Sabeti PC, Manuguerra
JC, Holmes EC, Sall AA. Distinct lineages of Ebola
virus in Guinea during the 2014 West African
epidemic. Nature 524. 102-104, 2015.

Park DJ, Dudas G, Wohl S, Goba A, Whitmer SL,
Andersen KG, Sealfon RS, Ladner JT, Kugelman JR,
Matranga CB, Winnicki SM, Qu J, Gire SK, Gladden-
Young A, Jalloh S, Nosamiefan D, Yozwiak NL, Moses
LM, Jiang PP, Lin AE, Schaffner SE, Bird B, Towner J,
Mamoh M, Gbakie M, Kanneh L, Kargbo D, Massally
JL, Kamara FK, Konuwa E, Sellu J, Jalloh AA,

$2%,



pp.137-150, 2021)

61)

62)

63)

64)

65)

66)

67)

68)

Mustapha I, Foday M, Yillah M, Erickson BR, Sealy T,
Blau D, Paddock C, Brault A, Amman B, Basile ],
Bearden S, Belser J, Bergeron E, Campbell S,
Chakrabarti A, Dodd K, Flint M, Gibbons A, Goodman
C, Klena J, McMullan L, Morgan L, Russell B, Salzer J,
Sanchez A, Wang D, Jungreis I, Tomkins-Tinch C,
Kislyuk A, Lin MF, Chapman S, MacInnis B,
Matthews A, Bochicchio J, Hensley LE, Kuhn JH,
Nusbaum C, Schieffelin JS, Birren BW, Forget M,
Nichol ST, Palacios GFE, Ndiaye D, Happi C, Gevao SM,
Vandi MA, Kargbo B, Holmes EC, Bedford T, Gnirke
A, Stroher U, Rambaut A, Garry RE, Sabeti PC. Ebola
Virus Epidemiology, Transmission, and Evolution
during Seven Months in Sierra Leone. Cell 161. 1516-
1526, 2015.

Tong YG, Shi WE, Liu D, Qian J, Liang L, Bo XC, Liu J,
Ren HG, Fan H, Ni M, Sun Y, Jin Y, Teng Y, Li Z,
Kargbo D, Dafae F, Kanu A, Chen CC, Lan ZH, Jiang
H, Luo Y, Lu HJ, Zhang XG, Yang F, Hu Y, Cao YX,
Deng YQ, Su HX, Sun Y, Liu WS, Wang Z, Wang CY,
Bu ZY, Guo ZD, Zhang LB, Nie WM, Bai CQ, Sun CH,
An XP, Xu PS, Zhang XL, Huang Y, Mi ZQ, Yu D, Yao
HW, Feng Y, Xia ZP, Zheng XX, Yang ST, Lu B, Jiang
JE Karghbo B, He FC, Gao GE, Cao WC, China Mobile
Laboratory Testing Team in Sierra L. Genetic
diversity and evolutionary dynamics of Ebola virus in
Sierra Leone. Nature 524. 93-96, 2015.

Diehl WE, Lin AE, Grubaugh ND, Carvalho LM, Kim
K, Kyawe PP, McCauley SM, Donnard E, Kucukural A,
McDonel P, Schaffner SF, Garber M, Rambaut A,
Andersen KG, Sabeti PC, Luban J. Ebola Virus
Glycoprotein with Increased Infectivity Dominated
the 2013-2016 Epidemic. Cell 167 1088-1098 ¢1086,
2016.

Urbanowicz RA, McClure CP, Sakuntabhai A, Sall AA,
Kobinger G, Muller MA, Holmes EC, Rey FA, Simon-
Loriere E, Ball JK. Human Adaptation of Ebola Virus
during the West African Outbreak. Cell 167: 1079-
1087 1075, 2016.

Wang H, Shi Y, Song J, Qi ], Lu G, Yan J, Gao GF. Ebola
Viral Glycoprotein Bound to Its Endosomal Receptor
Niemann-Pick C1. Cell 164: 258-268, 2016.

Ladner JT, Wiley MR, Mate S, Dudas G, Prieto K,
Lovett S, Nagle ER, Beitzel B, Gilbert ML, Fakoli L,
Diclaro JW, 2nd, Schoepp R]J, Fair J, Kuhn JH, Hensley
LE, Park DJ, Sabeti PC, Rambaut A, Sanchez-
Lockhart M, Bolay FK, Kugelman JR, Palacios G.
Evolution and Spread of Ebola Virus in Liberia, 2014-
2015. Cell Host Microbe 18: 659-669, 2015.

Dietzel E, Schudt G, Krahling V, Matrosovich M,
Becker S. Functional Characterization of Adaptive
Mutations during the West African Ebola Virus
Outbreak. J Virol 91, 2017.

Olabode AS, Gatherer D, Jiang X, Matthews D, Hiscox
JA, Gunther S, Carroll MW, Lovell SC, Robertson DL.
Identification of important amino acid replacements
in the 2013-2016 Ebola virus outbreak. bioRxiv:
075168, 2016.

Ueda MT, Kurosaki Y, Izumi T, Nakano Y, Oloniniyi

69)

70)

71)

72)

73)

74)

75)

76)

77)

78)

147

OK, Yasuda J, Koyanagi Y, Sato K, Nakagawa S.
Functional mutations in spike glycoprotein of Zaire
ebolavirus associated with an increase in infection
efficiency. Genes Cells 22: 148-159, 2017.

Wong G, He S, Leung A, Cao W, Bi Y, Zhang Z, Zhu W,
Wang L, Zhao Y, Cheng K, Liu D, Liu W, Kobasa D, Gao
GE, Qiu X. Naturally Occurring Single Mutations in
Ebola Virus Observably Impact Infectivity. J Virol 93,
2019.

Marzi A, Chadinah S, Haddock E, Feldmann F, Arndt
N, Martellaro C, Scott DPF, Hanley PW, Nyenswah TG,
Sow S, Massaquoi M, Feldmann H. Recently Identified
Mutations in the Ebola Virus-Makona Genome Do Not
Alter Pathogenicity in Animal Models. Cell Rep 23:
1806-1816, 2018.

Marzi A, Feldmann F, Hanley PW, Scott DP, Gunther
S, Feldmann H. Delayed Disease Progression in
Cynomolgus Macaques Infected with Ebola Virus
Makona Strain. Emerg Infect Dis 21: 1777-1783, 2015.
Smither SJ, Eastaugh L, Ngugi S, O'Brien L, Phelps A,
Steward J, Lever MS. Ebola Virus Makona Shows
Reduced Lethality in an Immune-deficient Mouse
Model. J Infect Dis 214: S268-S274, 2016.

Reisler RB, Yu C, Donofrio M]J, Warren TK, Wells ]JB,
Stuthman KS, Garza NL, Vantongeren SA, Donnelly
GC, Kane CD, Kortepeter MG, Bavari S, Cardile AP.
Clinical Laboratory Values as Early Indicators of
Ebola Virus Infection in Nonhuman Primates. Emerg
Infect Dis 23; 1316-1324, 2017.

Versteeg K, Menicucci AR, Woolsey C, Mire CE,
Geisbert JB, Cross RW, Agans KN, Jeske D, Messaoudi
I, Geisbert TW. Infection with the Makona variant
results in a delayed and distinct host immune response
compared to previous Ebola virus variants. Sci Rep 7.
9730, 2017.

Jankeel A, Menicucci AR, Woolsey C, Fenton KA,
Mendoza N, Versteeg K, Cross RW, Geisbert TW,
Messaoudi I. Early Transcriptional Changes within Liver,
Adrenal Gland, and Lymphoid Tissues Significantly
Contribute to Ebola Virus Pathogenesis in Cynomolgus
Macaques. ] Virol 94, 2020.

Thorson AE, Deen GE, Bernstein KT, Liu W], Yamba E,
Habib N, Sesay FR, Gaillard P, Massaquoi TA,
McDonald SLR, Zhang Y, Durski KN, Singaravelu S,
Ervin E, Liu H, Coursier A, Marrinan JE, Ariyarajah
A, Carino M, Formenty P, Stroher U, Lamunu M, Wu
G, Sahr F, Xu W, Knust B, Broutet N, Sierra Leone
Ebola Virus Persistence Study G. Persistence of Ebola
virus in semen among Ebola virus disease survivors in
Sierra Leone: A cohort study of frequency, duration,
and risk factors. PLoS Med 18: €1003273, 2021.
Rodriguez LL, De Roo A, Guimard Y, Trappier SG,
Sanchez A, Bressler D, Williams AJ, Rowe AK,
Bertolli J, Khan AS, Ksiazek TG, Peters CJ, Nichol ST.
Persistence and genetic stability of Ebola virus during
the outbreak in Kikwit, Democratic Republic of the
Congo, 1995. J Infect Dis 179 Suppl 1. S170-176, 1999.
Uyeki TM, Erickson BR, Brown S, McElroy AK,
Cannon D, Gibbons A, Sealy T, Kainulainen MH,



148

79)

80)

81)

82)

83)

84)

85)

Schuh AJ, Kraft CS, Mehta AK, Lyon GM, 3rd, Varkey
JB, Ribner BS, Ellison RT, 3rd, Carmody E, Nau GJ,
Spiropoulou C, Nichol ST, Stroher U. Ebola Virus
Persistence in Semen of Male Survivors. Clin Infect
Dis 62: 1552-1555, 2016.

Sissoko D, Duraffour S, Kerber R, Kolie ]S, Beavogui
AH, Camara AM, Colin G, Rieger T, Oestereich L,
Palyi B, Wurr S, Gued;j J, Nguyen THT, Eggo RM,
Watson CH, Edmunds W], Bore JA, Koundouno FR,
Cabeza-Cabrerizo M, Carter LL, Kafetzopoulou LE,
Kuisma E, Michel ], Patrono LV, Rickett NY, Singethan K,
Rudolf M, Lander A, Pallasch E, Bockholt S, Rodriguez
E, Di Caro A, Wolfel R, Gabriel M, Gurry C, Formenty
P, Keita S, Malvy D, Carroll MW, Anglaret X, Gunther
S. Persistence and clearance of Ebola virus RNA from
seminal fluid of Ebola virus disease survivors: a
longitudinal analysis and modelling study. Lancet Glob
Health 5. e80-e88, 2017.

Diallo B, Sissoko D, Loman NJ, Bah HA, Bah H,
Worrell MC, Conde LS, Sacko R, Mesfin S, Loua A,
Kalonda JK, Erondu NA, Dahl BA, Handrick S,
Goodfellow I, Meredith LW, Cotten M, Jah U, Guetiya
Wadoum RE, Rollin P, Magassouba N, Malvy D,
Anglaret X, Carroll MW, Aylward RB, Djingarey MH,
Diarra A, Formenty P, Keita S, Gunther S, Rambaut A,
Duraffour S. Resurgence of Ebola Virus Disease in
Guinea Linked to a Survivor With Virus Persistence in
Seminal Fluid for More Than 500 Days. Clin Infect Dis
63. 1353-1356, 2016.

Keita AK, Vidal N, Toure A, Diallo MSK, Magassouba
N, Baize S, Mateo M, Raoul H, Mely S, Subtil F,
Kpamou C, Koivogui L, Traore E, Sow MS, Ayouba A,
Etard JF, Delaporte E, Peeters M, PostEbogui Study
G. A 40-Month Follow-Up of Ebola Virus Disease
Survivors in Guinea (PostEbogui) Reveals Long-Term
Detection of Ebola Viral Ribonucleic Acid in Semen
and Breast Milk. Open Forum Infect Dis 6. o0fz482,
2019.

Caviness K, Kuhn JH, Palacios G. Ebola virus persistence
as a new focus in clinical research. Curr Opin Virol 23:
43-48, 2017.

Varkey JB, Shantha JG, Crozier I, Kraft CS, Lyon GM,
Mehta AK, Kumar G, Smith JR, Kainulainen MH,
Whitmer S, Stroher U, Uyeki TM, Ribner BS, Yeh S.
Persistence of Ebola Virus in Ocular Fluid during
Convalescence. N Engl ] Med 372: 2423-2427, 2015.
Jacobs M, Rodger A, Bell D], Bhagani S, Cropley I,
Filipe A, Gifford RJ, Hopkins S, Hughes J, Jabeen F,
Johannessen I, Karageorgopoulos D, Lackenby A,
Lester R, Liu RS, MacConnachie A, Mahungu T,
Martin D, Marshall N, Mepham S, Orton R, Palmarini
M, Patel M, Perry C, Peters SE, Porter D, Ritchie D,
Ritchie ND, Seaton RA, Sreenu VB, Templeton K, Warren
S, Wilkie GS, Zambon M, Gopal R, Thomson EC. Late
Ebola virus relapse causing meningoencephalitis. a case
report. Lancet 388 498-503, 2016.

Mbala-Kingebeni P, Pratt C, Mutafali-Ruffin M,
Pauthner MG, Bile F, Nkuba-Ndaye A, Black A,
Kinganda-Lusamaki E, Faye M, Aziza A, Diagne MM,

86)

87)

88)

89)

90)

91)

92)

93)

(WA VA HT71%

Mukadi D, White B, Hadfield J, Gangavarapu K,
Bisento N, Kazadi D, Nsunda B, Akonga M, Tshiani O,
Misasi J, Ploquin A, Epaso V, Sana-Paka E, N'Kasar Y
TT, Mambu E, Edidi E, Matondo M, Bula Bula J, Diallo
B, Keita M, Belizaire MRD, Fall IS, Yam A, Mulangu
S, Rimion AW, Salfati E, Torkamani A, Suchard MA,
Crozier I, Hensley L, Rambaut A, Faye O, Sall A,
Sullivan NJ, Bedford T, Andersen KG, Wiley MR,
Ahuka-Mundeke S, Muyembe Tamfum JJ. Ebola Virus
Transmission Initiated by Relapse of Systemic Ebola
Virus Disease. N Engl ] Med 384. 1240-1247, 2021.
Heise MT, Virgin HW. Pathogenesis of Viral Infection.
2013. in Fields Virology. Knipe DM, Howley PM.
Lippincott Williams & Wilkins. Pennsylvania, USA.
Virgin HW, Wherry EJ, Ahmed R. Redefining chronic
viral infection. Cell 138: 30-50, 2009.

Zeng X, Blancett CD, Koistinen KA, Schellhase CW,
Bearss JJ, Radoshitzky SR, Honnold SP, Chance TB,
Warren TK, Froude JW, Cashman KA, Dye JM, Bavari
S, Palacios G, Kuhn JH, Sun MG. Identification and
pathological characterization of persistent asymptomatic
Ebola virus infection in rhesus monkeys. Nat Microbiol 2:
17113, 2017.

Perry DL, Huzella LM, Bernbaum JG, Holbrook MR,
Jahrling PB, Hagen KR, Schnell MJ, Johnson RE. Ebola
Virus Localization in the Macaque Reproductive Tract
during Acute Ebola Virus Disease. Am J Pathol 188:
550-558, 2018.

Mulangu S, Dodd LE, Davey RT, Jr., Tshiani Mbaya O,
Proschan M, Mukadi D, Lusakibanza Manzo M, Nzolo
D, Tshomba Oloma A, Ibanda A, Ali R, Coulibaly S,
Levine AC, Grais R, Diaz J, Lane HC, Muyembe-
Tamfum JJ, Group PW, Sivahera B, Camara M, Kojan
R, Walker R, Dighero-Kemp B, Cao H, Mukumbayi P,
Mbala-Kingebeni P, Ahuka S, Albert S, Bonnett T,
Crozier I, Duvenhage M, Proffitt C, Teitelbaum M,
Moench T, Aboulhab J, Barrett K, Cahill K, Cone K,
Eckes R, Hensley L, Herpin B, Higgs E, Ledgerwood J,
Pierson J, Smolskis M, Sow Y, Tierney J,
Sivapalasingam S, Holman W, Gettinger N, Vallee D,
Nordwall J, Team PCS. A Randomized, Controlled
Trial of Ebola Virus Disease Therapeutics. N Engl ]
Med 381. 2293-2303, 2019.

Diallo MSK, Rabilloud M, Ayouba A, Toure A,
Thaurignac G, Keita AK, Butel C, Kpamou C, Barry TA,
Sall MD, Camara I, Leroy S, Msellati P, Ecochard R,
Peeters M, Sow MS, Delaporte E, Etard JE Contactebogui
Study G. Prevalence of infection among asymptomatic
and paucisymptomatic contact persons exposed to
Ebola virus in Guinea: a retrospective, cross-sectional
observational study. Lancet Infect Dis 19. 308-316,
2019.

Ludtke A, Oestereich L, Ruibal P, Wurr S, Pallasch E,
Bockholt S, Ip WH, Rieger T, Gomez-Medina S,
Stocking C, Rodriguez E, Gunther S, Munoz-Fontela
C. Ebola virus disease in mice with transplanted
human hematopoietic stem cells. J Virol 89: 4700-
4704, 2015.

Bird BH, Spengler JR, Chakrabarti AK, Khristova ML, Sealy

$2%,



pp.137-150, 2021)

94)

95)

96)

97)

TK, Coleman-McCray JD, Martin BE, Dodd KA, Goldsmith
CS, Sanders J, Zaki SR, Nichol ST, Spiropoulou CF.
Humanized Mouse Model of Ebola Virus Disease
Mimics the Immune Responses in Human Disease. J
Infect Dis 213 703-711, 2016.

Lavender KJ, Williamson BN, Saturday G, Martellaro C,
Griffin A, Hasenkrug KJ, Feldmann H, Prescott J.
Pathogenicity of Ebola and Marburg Viruses Is
Associated With Differential Activation of the Myeloid
Compartment in Humanized Triple Knockout-Bone
Marrow, Liver, and Thymus Mice. J Infect Dis 218:
S409-S417, 2018.

Spengler JR, Prescott J, Feldmann H, Spiropoulou CE.
Human immune system mouse models of Ebola virus
infection. Curr Opin Virol 25: 90-96, 2017.

Wozniak DM, Lavender KJ, Prescott J, Spengler JR.
The Utility of Human Immune System Mice for High-
Containment Viral Hemorrhagic Fever Research. Vaccines
(Basel) 8, 2020.

Spengler JR, Lavender KJ, Martellaro C, Carmody A,

98)

99)

149

Kurth A, Keck JG, Saturday G, Scott DP, Nichol ST,
Hasenkrug KJ, Spiropoulou CF, Feldmann H, Prescott
J. Ebola Virus Replication and Disease Without
Immunopathology in Mice Expressing Transgenes to
Support Human Myeloid and Lymphoid Cell Engraftment. J
Infect Dis 214; S308-S318, 2016.

Kotliar D, Lin AE, Logue J, Hughes TK, Khoury NM,
Raju SS, Wadsworth MH, 2nd, Chen H, Kurtz JR,
Dighero-Kemp B, Bjornson ZB, Mukherjee N, Sellers
BA, Tran N, Bauer MR, Adams GC, Adams R, Rinn JL,
Mele M, Schaffner SE, Nolan GP, Barnes KG, Hensley
LE, Mcllwain DR, Shalek AK, Sabeti PC, Bennett RS.
Single-Cell Profiling of Ebola Virus Disease In Vivo
Reveals Viral and Host Dynamics. Cell 183: 1383-1401
e1319, 2020.

Yamaoka S, Ebihara H. Pathogenicity and Virulence of
Ebolaviruses with Species- and Variant-specificity.
Virulence 12: 885-901, 2021.



150 (WA VA #71% %275, pp.l37-150, 2021)

The latest research findings on Ebola virus
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2013-2016 Ebola virus disease (EVD) outbreak was the largest EVD outbreak ever document-
ed that started earlier in Guinea and later widely spread throughout West Africa, ending up a total of
> 28,000 human infections. In this review, we outline research findings on Ebola virus (EBOV) variant
Makona, a new EBOV variant isolated from the 2013-2016 EVD outbreak, and introduce the unique
biological and pathogenic characteristics of Makona variant. We also discuss about the relevance of
persistent infection of EBOV in EVD survivors with resurgence of EVD outbreak in Guinea in 2021.

Moreover, this review covers a recent case report of EVD relapse and deliberates new interpretations
of EBOV biology and EVD outbreak.



