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COVID-19 3 HE 1213 & F X F 2 AHDH 5 5%, SARS-CoV-2
TANVADOEENFEY L 52 HHFOMEEL LT, post-
acute sequelae of SARS-CoV-2 infection (PASC) 7%#fEd% ST
WaY. PASC (& 20 CICREAROE -7 23H D), B S5
DI TEL, TWHEMTH L2, KEICBT L5 T,
TNIRRERTH I 70 VHRTIREAEME DR, Fh
Z1108% (4,469/41,361 N), B L1 45% (2,501/56,003
N) EIREEINTYDY, L LREERIEA I 70 V% T
JEBIRYIZHEIN L 72726, PASC B IZLARkE9 28NS 5. >k
[ 85 D ik 12 BV>T COVID-19 DL D 5 8,646 A & K
Y 1,118 A% %54k L, PASC DFE4S % #5 L 72 RECOVER
ff7eCld, PASC IZHF#AY 7 13 DIEIRDSHFE SIS, 2D
ZRIIME - BREREE LA Y 75 7, sy, B R
SE & Vo ZARIEIRPE TN Tz, Fh27Lb A7 57
DA% BT, 2022 412 15 J7 AL 1o COVID-19 3 % x5
&9 B RHUEITZEI CREAMEREBE ED A U5 2 & b5 202
ENTWBY REETIE, COVID-19 124 FRAHAERE & 12 1Y
LT, ERRWEZE, WHEWIsE, SREERZE, Rmmises a1 <k
EADY AN

V7l =
ARIFNIFH O b Ey 7 2T 5 HERN T 70 —FI|2

OO THL72OFT T T4 7 Ea—E LRl
7— 4% ~— A& MEDLINE # >, PubMed® T MeSH % H\»

72 1 2 3 ("Post-Acute  COVID-19 Syndrome'[Mesh]) AND
"Dementia"[Mesh] £ & UF ("Post-Acute COVID-19 Syndrome"
[Mesh]) AND "Alzheimer Disease"[Mesh]) % > C SCRik & s
L7z FHEFmCEHRHL, £V F)V T4 RKLE2L—LD
FAMLIEZ ZRE L GEIR L7z, 725 [HCROFERR N> R —
FEAT, LA BINL7:. 7L 7)) v M b & &z
LB b DT L7z, AR S, ZRAE, 7T und
Y=, TLA YT 7V EUT A HEPEAEL TV
25, AU VT IVOLERTHH L T2 RIS T 5 X9 H
REERL7Z.

BRI 22

S S S O A BHE & L C O RBAIRERERE E
COVID-19 @ & 20 & i B M o Witk 2 st 5 2 [
BSHFZEASThI, 2021 £ 7 A  ClLEE L MR AIHET 2L
72 1,213 AOFE A S 720 Zo PRI R RERE &
(295%) Wb %, DWTHNZESF (25.7%), IR - &g
Wi (16.4%), BHEMAEREE (14.7%), AAY ke E
(9.5%), EEHEEE (9.3%) ONETH -7z BRABREREE
RO BERIT, BOLVEEE LT, 10 ST,
BN —F ) VR BRI RO AR, EE R RGE
%L, FHRBABTH o7, XU T3y 7 B OHETIE,
HEDMBEEGIHEL LT, SWIHICEMRESE, MEdm, 1w
NA, BEIEFIESHE S, RAEREEZIIE I Vg
WS ZAUSAREAE & L CREAERER E DS ST v e
MolzizOlEZ NS,
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PASC |2 817 % RBHIFERE R &

10 % ENC £ 5 KB 7R — MRS BT, PASC OJER
DML, FHE 3 # HHRI2B W TR EE 60.4%, JE57
51.0%. PRSIEREREE 354% (EHH V) LMEFSIhTw
%8 FREREBEEANE T — ¥ X— A% H\w/z COVID-19
B 15 77 4,068 N ELZET, BIE 12 » HRICBIT 54
FRES B EE O N — NI 142, 3850 - SREEE R
177, TNV INA < —9{i% 2.03 L &7z, FokENS
BT 5 624 T AL LoOEERE 2R E L7 mFHEZRIC
T, COVID-19 & X7 360 H LN IZH 72127 vy A
TIREBMENDL Y AT PN - NI 1.69 EHFEIZEWS
EDTRENT VDY, SHIIHENLT— ¥ 250 8%
WA L2 A YT TOIBIEIET VI NA X —IHONY— F
IEAYHR 1.50 (95% CI11.22~1.85, 12 = 97%) & i S 720,

—J7, VA7 OEFEHIRIC oW T 128 5 ALLE OB
Ok — b W R HERENIC BT, COVID-19 &k
DORBHER T VA Y T+ 7O A2, A v TIVTUFRE
D—ReH 77 A IV AEGE & R LT, 800 AL & w9 &
WA PE - TG L 720, 25124 A5 )V 191 FALLED
&G DEFPRGLSEE B IR T, BRIk R
EDONF— NIIZEG 6 » J#%T 1.85, 14£T169 TH
D, Bk, BER DL OBMIEE 1EDNIZEET 2 b
DO, £H)) - FREEESLIRE - BERE & v o R R
FEE LI W Z EQRENT WD),

COVID-19 37 IV NA T — R =5 ST IOV T,
H1HE B % HRFEDSLE T DH 55, COVID-19 BEZ DY
A MAA DT NA < —JRBE Y 7RI LA e T %
THEMER), SAR-CoV-2 7 1 )V A J&Yeld ACE2 ~DfE& % A
LT7 I8/ FHBEEEAOFEH A B0 S & 25 b f54l
ENTEY, RKIELTIE PASC DFERD—2 & LTt § 54
L HHY,

PASC (2 BT % BN RE IR & o fa b K 7

PASC & L TORBAMRERE EOGMRK & LT, OmiE,
QEMHPERETH B 2 b, ORI R RER SRl S
Twa, FTFOQIH L Tid, HERETOEYHE 1,438 A
D12 # QB OFRHMBERE R 5T L 7208 T, FRMMEDH #EE
12124%TH Y, F/o60mU EOAREETIX) A7 DL
A352 8, BIXUSWIICERETH - 72ER CIERMELE
BEEPEETH L Z EDMESINZY. F72/ VT 2 — D
T, ME 6 » ARICTIEREE L BT 2 HE I &SI LS
<, 60 ETIX24%TH 7217, @IZBLTlX, 7B
F v OBFIERLEE VR T, B 766 A ZE I L,
14EM, BIAMHINBI L2825, 32 2 B2 CHER
ENFE ST 2 Y6, RABSREREEI B L2 L5 RS 4 2
EATRENT VB0,

—J)i T, HEEB L OBIES TR ESE L) 5
CEWEENTWS, ko vy 2 — W5 TIE, B
(16~30 %) DOIFEH T LS Z 11% IR0 7270, £56
VHRE G (R L RN BB AR A % A 1% 4 » A LIBRLC 52

63 % 1175 (2023 : 11)

WL7275 Y Vo T, LA BHERIEREIC & 51220
AR | fEEE LR L C L CEBEEE (269% %) 6%) 12
7219

Db X b, COVID-19 IFRBAERER E T VY N A < — i
DY A2 % ER &S, ZO)A7IZ1EDERERET LI L,
falRT L L, &lvd, HEKG, 3 v AL Lok
WHH—), BIERPETHRADHED R W F T BIIHAERE
EHPELH B I EATRENT.

Ef% - R

% D% - FREIZEA A ST WSS, RGeS
DIFREIC DB DL LU T oM EH Shb. #EE UK
Biobank |2 845k S L7 &G 401 N EGewi & &G 4 » A7
HOEEMRI Z i L2 2 A, IREHEEE, B & S
FEROKARES L ORiGD > 7 2 FOKIERBY, %5
&M A XD KIGE % 50 % 787220 Z OREHTEE
OZEMIKEDOWIFE T HAER S, & 512 COVID-19 THL
L7226 A2 & $REL L 72 HI 7 i 55 55 I8 0 iR o 995 BR 27 A A
T, 5 NG E L 0, S0 37% 05434 7 KA
BT, FRC7 A bad g MIEREE S RO 2.

T2 7 PN DR AN R EPLEE b, B
DNV TIEFRD 7 2o 72 IREG AT B~ DIEGe s, Eli v
TIFRO SN2 EHHE SN2, Z OBREIEERIZ BT
BIEGE O L EIEOIEIRIE, SV F Iy 2 4 s, GEES
MRI CIRGAREIE RS 5 % 2 L 72 - IE O HER)
WENLEIN, FHEINTE /22, 72721 PASC BEH 12T
R OIRIEAE U 5 20 % FR B0\ IMERT L 72t B L 72
BRY Zevy L LEERG 2 17 HHIZTAD» AT 545
SYIBRAT ST D7z B O BIRELAT LT, MU IS o 485iE %
MGEI R OWifE % R 72 2 & HSiis SAUEH S b, £
D137, FDP PET |2 & A1 C, WAl % & &0 e ol /R 5 [0,
Rtk & B 2 SO MBS B 2 7 o ERA#H R L2
W7 b i ST 52,

Db &b, Eeiets, AREHITAR B O Z5E R0 M O AS
AL H BT L, BFERTIIMERD S IRERIEE E F com
HAREE AR AL DEAE DA L) B2 &, & b ORI
e T H MM ICRIEDAE L H 5 2 L ATR S,

RS

PASC DJFHRERER

PASC OJRfERT & LCid, OFf&ds, @BNMREE~
D (dysbiosis), @HTHE, @M IELRE, & A
WV AFEMEAL, @ EMIETRRERE & v o 72 REE AR &
NTWDLY, WENPHEMTIER L, BT L C3IET
LrEzoNnTwb (Fig.1) 27,

FEREE G DWW T8 & 7 o 72198 1L, SARS-CoV-2 Bt
ZWihHkr AR Th, PASC B4 37 ADIEED 65% T A8
1 7&H, SIY72=v k, X7V AT FOWTNLN
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Pathogenic mechanisms of PASC
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Route of infection of the virus to the brain

1. via the choroid plexus

2. via the blood-brain barrier

3. via nasal infection and olfactory conduction pathway
4. via the cranio-meningeal junction

Pathogenic mechanisms of neurological dysfunction
1. Neurotoxicity induced by spike proteins

2. Induction of neuroinflammation by cytokines

3. Brain cell fusion (syncytia)

4. Acceleration of existing AD pathology

Brain fog
Dementia

Fatigue Cough
Tachycardia
Dizziness
BP changes
Diarrhea

Alzheimer disease

Fig. 1 Pathogenic mechanisms of neurological sequelae associated with COVID-19.

PASC; post-acute sequelae of SARS-CoV-2 infection, EBV; Epstein-Barr virus, AD; Alzheimer disease, BP; blood pressure.

T S 7278, BUEHAEIRO A COVID-19 26 A Tid#Bd %
Mol nAIBDTH LS, ZOWEDHE, SARS-CoV-2
7 AW ADMERN DO NI N DliEgs (viral reservoir) (Z7FIR L,
FPERUR, JAEPOG % 5 | & 42 2 3 HEME & MRk 3 2 WF 28 A%
ANATO N2 oGS, RIS R A 2
X707 7= IANOEGERY, NRICBIFARkE T T A
FOFHEEG DI, [HILED, BB % &8\ T
7 AV AR RNA 258 S u7z &v ) BFZEASH R L 72
2 F YWRED S OREE I/ PCR g TR TH L Z &
X, FEAPLDT AN AHEREERT LD DOTIER W L8
IREMNT.

Frftew s A F92 & LC, S8ER 2 BB oIz, O
i, ) voNHY, ARE R, HRALEE, AR & v o 2 FEIEIR
P RNEEE T, SARS-CoV-2 7 1 )V ADHEHMTEF SN, wE
FIER 230 HH TORRD SN2 LG SN2, Nz T,
FEEtR 13 H H OBURA S B EE 2 F#> SARS-CoV-2 7 1 )LV A
HEIEN, ZOTANVAITe MG L 728 & S
HEENHHTH I EATR SN,

% 72 PASC 2825 BIEIR & & OFRRERETE 12D\ T b MEr 7S
fThhzz. Bl121E, EB 7 A )V ADFIEMEALZ RIE S 5 i
SRIFTRAYES LR BT A 2 L Bk, BEIR, ©F
VMRS, Tl & ORE MR RERE E 2 RIB T 5 BE
T, HREiSo R, AEREEB KT, HAHE

W 7 & O RFEARE R E 2 RS B M B R I 12RO
BT EBHE SN TN D,

SARS-CoV-2 7 A )V A DR~ D FIE DKL

AN ADENDEFEIZ OV TITEDO IV — FHHER S
Twanb. Q7 A4 NVAZHEATH % angiotensin-converting
enzyme 2 (ACE2) % BEIZHEMT LIREHZBEHT L1 —
I, @ACE2 % 38Bl4 2 B AilE, WA~ %,
MR BE P A AR 9 2 )V — b, OFRRMICEG L, WRRE
HERHT 20—, 2L CT@OHEEY - #ilEE G2 &HT 2
V— N TH D% DIx, EFL~ Y A% F7EGER O
MR LRI R0 0T, HEG TIREHE= Yy F LML
N2 HE MG A V2700 S A M G & 5RO, THEE -
Bl A v ) fLE o TIRNICERZEL, A231 7 & & K
FHEIHH T 5%, ZORFE T, COVID-19 IZfE#E LIET
L7Z2FA Y AD60%TH b MHEGERE?H A3 7 &EHD
M ENTn3,

T IV INA X —IFOFEREDIEINT 5 BT

COVID-19 37 VY A < — IR DOFH R & 7 5 BE DO IR RER
G SN TW5E, TR 7 &ADVMBREELE Y E TS
TREMED D 4. THFEHHHIERIC A S, 7 EHTEAL
72T, JEA28 HEIZIZMEMA 7 R - A2k L
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72723, 3HEIIET I 04 FRIBRE Y /3y pighi
SNAZEDPIREN, TOFEBDT IV NA Y —IRFEREIZH
53 % aREMEDSRIE S LT %8,

FH A MHA Y - rEHA OEG T DR D IE X
NTW5h. YTABLOE MIBIFARET, BEOITRLG
EHTH-ThH, 7ENA Y CCLIL (245 FT V) &
LT, 2787 TIHHE RS O A ok E,
TILOREDA L, MR OREN A L2 2 & A3k
ENTVED, E5127304 FRRITOEELVS72T
VYN A = — RS, COVID-19 fEEIE 9 JomE 4
A4 bA 4> (IL1b, IL6, TNFa) %, 370277 A b
T A N OIEELE AL TRES NS WM IR S LT v
%%, ApoE4 7 V) VAYHRE S & RS S W REER, TV
NA T —FREEOWEE - MITETE T ACE2 S8 AL, v A
WA & DREE AR DR b R ST 59,

$72 SARS-CoV-2 7 A )V AIEGAZ X 1) ~ 7 2 il e A5 wl
ETHILR, TR MEA VT A FIZBWT, i
AAEEL, b L et - 7)) 7Hlas a3 5 2 &
(syncytia & MHEN 5 ZHIIERLESTZR S NG 2 L) AUREN
729 Z OWFFECIEMI AL A 13 RS 2 3839 B 2081 &
EMHE ACE2 OfEEE ML TAHELDLZ LR, FiE LT
X F T ADKRER T RIZL, TUA VT 7B
FEEDRK & 7 A plEd G SN TV 5.

TR B & 7 4 L ARG O [ 8
FBLEEEOY A A - A ES A VIEIR
COVID-19 IZBREEN DL L D7ZFTHRL, 4 ¥ T7IVIUHFy
ANAGED—FH I A VAEETHLELI LI LD
COVID-19 % B < 7 4 )b A PRIl 95 R fili 8 s et e R o> s e [
TR B PREDAT O, ORIV AKX
T NAT—IRIZE LT — R 22.06~30.72, FRH04E
Tld 6.56~40.12 L) HfaflF L b 28, /47
VI VHiRETH->THT IV NA Y —IFT 2.60~4.11 L fE
BRI 7 5 2 &R STz, Mm% #5O SARS-CoV-2
TANATIRE YWD A fEBEEF L R AR S S, F
B REZEIZ, A YT IVI PSR BRI EEALE
B L TO N — NI 1.81~7.91 L fERRA T 127 - T /ew,
Stk A VARG LR EFIE OB #IZOWT, S5
Meat & oo 5 W BH D 55

Db Xy, BRAE % & O MBmREEORF & LT, 71
A2 DFEFRIE G EEH XN TWAE T &, viral reservoir EHiAS
W OPTRENTZH, & LAKEA BIRERIC AL 2 BEADHTE
HELIBEEZLNTWD I L, HEEgA Tk & &
FIEERITHFIZOWTHHRAICHEHESNLOOH S Z L 2R
L7,

V=i

FRAITERERE Bk A AR 2 T B - IR I BT Tl
WS, PASC OIRIEIZ XL » CTHIE R Z S b —2DJER & I

63 % 1175 (2023 : 11)

HWEND 20, K TH D PASC K 5 TFW - iBIEI AR
TH AR D 5. PASC I2xI§ 5 FF - it L LTI,
COVID-19 7 7 F v, Him A VAK] (EVXETEL, =)L
< MVEN) FFEL, LATFTIEN), albFr, AT
A R (aVFr—)), Ya) s bHiexAyI vk (77
EFVY, uTITY), B OH (RuvFAFEF ), fit
BEESE S 7 T IV EHPRET SN TV 59,

77T ORRIZOWTE, BWFERICTRICBITS 7 A
WAL ZIHT 5 2 EARENT WD B, B MIBWT
b F M EBINERE 60 HHE TIlliTo728 25,
120 H® PASC O Eff=E% 2 15 (16.6% K 7.5%, NH—F
J1.93) ICFEH DI EDTRENT WSS, izl RECOVER
g Ccd, 7o F vEMIZ L) PASCIZRA L, &SI &
DT A EARENTVAEY, 51077 FI0LB
PASC HIIRIHRIE A & T CHHER SN TV D (N — Kt
0.55~0.84) 4.

F 7 580E 7 H DI ORELTHE R HEEE 2 bRV I~ Ok
1%, PASC BIEX HIH§ 5 2 & 2SKEOHEGTRENTW
%50 FEE 7 H A O BMHE T F 72 1 m AN A R e L,
F89E 300 H £ CORFESERIE, A MRV VHE63%, 15
JEWE 10.4% T, FSE 7 HLUN OB TlE N — KL 059, 3
HUHNOBIETIZ 037 L AEIRR Sz, fERFE L LT
i3, mTOR (mammalian target of rapamycin) PH5E %/ L 7231
A VAVER, BUBILA b L AMEH, B X OBUEREIEH AYE
WENTWD,

AV ASEOMEDRE SN TS, EIELO BRI T
MWLl b—2H), BWith30 HMESFLIEHELEE
L, W5 HUMNIZ=Z b~ MVELZRIRL 729,217 A&,
xFERHERT IR 4 77 7,123 AOFFfliZ 90 H#I2AT o728 25, 14
HRED Y A7 % 26% 808 S &, F 7 RRAIPRAERE b ] &
7250 BUE, SKEICIEABEOERERA 100 At L, Hefilk
BT BHIANA%BEITHIERFHIZ, =L~ bLE Y
FFELVE 15 HEAAR S22 5 2 AR (PaxLC clinical trial;
NCT05668091) 2SHEfTH T, 202441 AR TFETH 5.

BEhH)IC

COVID-19 IZFRHVE, TN I NA X =KD 7= 7% Gk K1
EBZ L, O WICEBORERT IFEm SN TnDE I L
RS L7z, AFRIZ 3BT PASC O 05E % 3R $ % B
FRMZRIEIT b CB LT, COEBIIAHTH L0,
EEEED, RANOHEORWE TR E)E L v
LD H 5. COVID-19 it & L CRBAERER £ 3%
L9 AT ERESL, BIETFTHOLEEZTHRZ HLEDNDH S
EEZD.

XEBIIARF T L, BRI & COLIRIEIZH B3, Ak
HfEIE TR LHF Y THA.
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Abstract
Cognitive Impairment as a Sequela of COVID-19: Pathophysiology and Prospects for Treatment

Takayoshi Shimohata, M.D., Ph.D.V

U Department of Neurology, Gifu University Graduate School of Medicine

Cognitive impairment has been reported as a potential sequela of COVID-19. Risk factors associated with this
impairment include advanced age, severe infection, and prolonged duration of anosmia (loss of smell). Furthermore,
COVID-19 has been reported as a risk factor for Alzheimer disease, and even mild infections have been associated with
visuospatial cognitive impairments. While multiple pathophysiological mechanisms have been implicated in COVID-19-
related cognitive impairment, persistent infection by the SARS-CoV-2 virus is of particular interest due to its potential
implications for treatment. Persistent infection could lead to cognitive impairments through mechanisms such as
neurotoxicity mediated by spike proteins, neuroinflammation induced by cytokines, and neuronal cell fusion (syncytia).
In terms of treatment, the effectiveness of vaccination has been demonstrated in meta-analyses, and drugs like
metformin and antiviral agents hold promise.

(Rinsho Shinkeigaku (Clin Neurol) 2023;63:725-731)
Key words: COVID-19, cognitive impairment, Alzheimer disease, persistent infection, treatment




