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2020 FITHE S cmm I ERITA 2800 R TH Y . FREMMERIER AR E2 DT
7o IEEMPERIER O 4 550 1 RNEETH Y | BRI TIZEIET LL X —OrEk K #E3%
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IR AN RS TRY, B TRWEEEDPRFSNTE, UL, Za— bR T BRI
BWTTENTIXIZEA ERAEFI ORI ZREGYE, FrITUFENC ORI F BB ILE A E NI A S
A, MBEERDZEN D770, ZZTWRL 25 P4 A KB 7-7295 AR B A LT85 60 V2 2 C ST
SERFZERT &AL 588 e SRAR, HATR Ptk e N L [RYWIE 22 2o R B 3 ) 2B
L7z,

A TITHAROBRM ML ~DIRADY AT DIHDIF TR DOUNT, B OB A 5 -ORE e A -
SRSV L, FERAZR MK DL MR RICE T 522 HRIEL TS, BT 3 4FEEIT 2019
HERICRAELZFan AL A (SARS-CoV-2) IZBAL, D, AL TETHHA BARICRHR T
5120, D ERIE Primer 27 & ¥ 72 Multiplex BRI ETEZ B TALLBIC, T 77,
N, Jjo~, AIra el OFHE BKE RNTE LU TERILZ E BRS04 H L, BE
(AN 2 AR B AR S LD SR FE A B L E NS R E IS, FRIR RO 5%
Bzt 5952 LT,

EHNE
B8 1. SARS-CoV-2 IZRH BB ERRRELOBRH|

SARS-CoV-2 J&HIZBEIL, —EBDEIEMRE DMK S, A (PCR) (ZXEDTA/LA RNA 25 H
ENDHIENWESNIZ 720, BREEMERYE OO A EL, il figic oAV ANFEET DAY
ICERHAD VBN DT, T, Hx REREAHBIL, ZRROTATICED, JWEMEDOZE L, iR
IZBITDBE DR T HELRERSNIDDT, WHO MED D R SRS HZE Epk(Variants of Concern; VOC) |
7RI B IR BRI AT REZR B multiplex PCR MR HIADBIFE EEHIT, IR & OV Bk
INFIIVE IR EE LIS T2,

ZZC, A TIIHR MM PRI IR A LTZ A L A2 H AT RE 72 i iR R R M A R 2 IR BR 6 L
W45 BHIELT, SRISEEIISFI2EE IR L mIRERBREEZ RESYE, #H0R
J&EE Primer Z #0725 3072 Multiplex @B IIR & IEZ B T 02 LE LT,

WRFEBIOHR R
B EE multiplex RT-PCR ¥4

ZE BRI R EL TR 2B I L 725 D R & primer—probe % multiplex £ LT, <% Bk
T FERCHR HH CEOBR R & T 2L E LT, HEELT- 11 By RN, NCBI B &R 4000 #5 (2020
5 H RIS U CTHFEIMZ ML, BRERERE 100%— Bt 53R 99%LL E D primer—probe 28 ¥ (2 X
HIA T DAECITO B primer—probe &L T 3 B MEHL (Table.1), Multiplex {b.L7=, & ZFfli

DFESR, Single 52 & 3plex 2 CHAMRZNZRNE DLW L2 MR LT= (Table.2),
1
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#/EXEE multiplex RT-qPCR DRREEHER

HESLL7- NIID-S2 3plex 1D 95%Ks HURE A M2t LT, ZOhE 5, HRMICHEHSN TS 2019-
nCoV N2 £ CK[E CDC TARSIZR %) 23 28.7 copies/reaction Th->7=DIZ%FL T, NIID-S2 3plex
1%, 16.3 copies/reaction TdH>72Z&M0, BUTIEEANTHRIELL EORMRENHHIENFER TET,
SARS-CoV-1 (ZxF9% 95%#% L IX, 37.6 copies/reaction Td>-7z (Table.3)

MEBEBETANR, FaaF U NV RTx3 D5 RO

g MYy A )L AL LU C, HIV-1, HBV, HCV, HEV, Parvovirus B19, WS AL 2 :Dengue virus
1,2,3,4, Chikungunya virus, Zika virus, HAHA AL A, West Nile virus, Yellow fever virus, —f%J73
Human coronavirus £LC, 229E, NL63, OC43, HKU1 Zxt5:L LT, £ 2 ofEHi RNA 28311 C,
RT-qPCR (ZHFDHIEEZMRFT LT, ZOFER, ZNHOWTNOTANL AT LT, WIEZ RS-
7=(Table.4),

2D DERKBIB KL OB
SARS-CoV-2 | B‘SJLT X, DA ST AT A L A B RO IR A AR YE I B ARIZ137e<,

, EFEE S S FISEEETIIATRNEE TH o7, B2 X HFAHEEIC, BRI A
T%éllﬂ’?ﬁ@ DA L 2 FEFHA LOJaRR CRIEL, fEAT T2 205 L E N2 B ISkt L CEBRBAL
IU/mL OFRAFMEES G- LT, 22 THMBEENE, BEFOMREIEOTHIER TE585, FrlicRgAeL
72 VOC 7 & OZERIRITKIT 25 B SV 5L, R CEfHT 21T 57,

MREFEBIORER
SARS-CoV-2 BRI A/VARRDBREL YA /VADRIE{LALE

EHT ANV ZRRIL 2021 4F 12 H OFf i CENZEYEN FERT O 73 GRkI G & 72> T2 5 R (T V7 7,
R—=R Ho~, TNE, A7) Xt RE LT, KERTAVARRITL 60 43 INEVLEZ I L CTRIE{LL,
K5I 50%HERE - L DM ILBR(ILER TR T L A7V T“EPﬂI)L Lt~ —T BN U, RIECALER T 2 A
WA =N —HF Ny Ty —THEEAGARL, DELELDOEZ R VELE, NIV
veroE6/TMPRSS2 (Z/EF &1 3 ﬁ-ﬁLﬁL,;ﬂHH@ SR (CPE) 23806, BUHMEITRRO bR
LR LT,

NRENVORBEZEEDORE N
A ATR+F4E, ENUEYYEMTEFTE & 4 ikl WG, BRREOZ S 507 O 3L FHIE S
ﬁmbf_oﬁi*ﬁ@f*%% %J:U\.P{‘J?%BE (NIID_002/2020), [EIFEFEEESL(NIBSC.20/146) % 3 AR 3
[EAIEL, E&E, Ct EAZEFILA#NTL7=(Table.b), ZDFER, Misk 1 DT —XMHIVIK[ET, A2 5
ANV ARRIE BAE O ZE BRI GCVhiT 186~361% CHEBEATRD DI,

PRRNVIEEE B OFE I LA E AT
KRV DEEE RS EZMEIL, ENS R NID.002/ 2020)DfE 17 E (6.92 1og10 Units/mL, 7.08
log10 TU/mL) ZTClZ PATRRAE Bk TR RIS H L7 (Table.6) o 45 i O FH ) 7 B fE o> ol -2

T NIV DORREEDO S ZEEL TEDTZ (Table.7) . D F, RERBOE FTAFRDLI, HHiaxHZE
2



T L, WINOREERIZEBW TR E RE 557 (Table.8),

FRE3: MM RI AR R T AERONER L UH

WHO DR RIZET 50 7 7L AZEMINCSINT 5012, FEO MRFEIEDI b
U —2433#% (Blood Regulators Network) |2 CIHFBIL, JBYLIEY A7 D R £ 5136 L ORHMIZ F -2 2 4kt
ROMGEIZAT o7z, £z, ENLEGENFZERTOIR KB E LEHE L, 1 MOINE R AT o7,

ZRLEE
1. #REL: SARS-CoV-2 IZx¥ DR EBIRELE DR

ARHFENTTHESEL T2 SARS-CoV-2 (22 = B EERZ IR iR AL vA NIID-S2 3plex 1, MK SARS-CoV-
21T T DREXNRELT, EFIENTRHIETHLEZ 20T, 4%, WHO OEESBUS TRESIL
TAEYE Lo 2 DFIELTZB MBS SRV E VT, RIEZFHET 5T ETH D,

2. #RRE2: SARS-CoV-2 BiBBREIE D=0 DE BB R/ SNV DS

Frilao A /LA SARS-CoV-2 DR A VAR SRS, BBEP TGSz, BRYA
JVARRD SRV EEN B IR NS N2 8T kD, WP ofiisk THEMi+ o mRE Th->THEN
NDF b OFR R 2 i C&, MBS E N EH CEAZ LRI, 20X A ELT AV AR
SKDB G/ SR ATBLR TIREBHE SR, A% B ENHIITEAR TEAHEH %282 5,

A #%b 5 EHiE VOC 0% BRI HERS NI A, BEIDSUZEBBROBMERTT 5,

rE

AREHETIE, MIREN L TURELSLIE IR T o la kL CIEL, B ARIZB W TERGEDY A
7 DHHIFIFARIZ DN TR E BB R A IR A B L OB T =2V 7 &kt L Tk, Toh7 LA
IV R T AR I H R C& 72,

BR3FLEIL, SARS-CoV-2 @ multiplex JEIZLDRIEEZEMRATEZBARL, BIEETITMITLIZAE
BRD STV EREEL, BEEEAHE LT, B 3 FEFHEICIY, BmAaIcBL T, L3 TRE
R0, ASHEMEA ] ELTIZE VR D,

SRR COan IR EESIEBOIERILICADE T, FVEEIICD, O B - F Sl Y
FEDPATNEZ o TNND, BIEMEE, B/ YiE) 22 o B LR 34T & O 3R & it 35 L &b 12,
MM %A UYL 3 D 7 70 i JFAR IS DUV TR TR - I HUUE L, iR D2 EMERELR O T 1T H.
FKHIEL T ZENMETHD,

TTAEEDEM T ENE

L. AN S 2% e BEE AL R AR A 15 O [E AR HE i O FE A

2. FULT =T UANAIK T % mR B RL IR IR AT O E R HE G OB i
3. MM 3T D MR 2 AN B3 D 1H M D IEE J VAR HL



Table. 1 Summary of primer and probe screening for SARS-CoV-2 nucleic acid amplification test

Primer
Primer Probe Multiplex
] selection Test probes ) )
design selection primer set
299 62 24 11 1

Table 2. Comparison of Ct scores (cycles) between multiplex and single-plex reactions.

Copies/well NIID-S2-3plex Single-plex Difference of Ct (3plex-single)

1000 34.5 34.2 0.3

S2-A
100 38.0 37.8 0.2
1000 33.9 33.3 0.6

S2-B
100 37.3 36.7 0.6
1000 32.7 32.3 0.4

S2-C
100 35.9 35.7 0.2
630 33.1 32.2 1.0

S1-A
63 36.3 35.5 0.8

Ct, cycle threshold

Table 3. Concentration of viral RNA at 95% detection limit determined by logistic analysis

Concentration of detection limit (copies/reaction)

Method
SARS-CoV-2 SARS-CoV
NIID-S2 3plex 16.3 37.6
(95% confidence interval) (10.9-33.1) (24.9-74.9)
2019-nCoV_N2 (CDC) 28.7
(95% confidence interval) (24.9-74.9)
SS-GP (Nitsche et al.) 15.6
(95% confidence interval) (10.7-32.2)

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SARS-CoV, severe acute respiratory

syndrome coronavirus; CDC, centers of Disease Control and Prevention



Table 4. Test results of SARS-CoV-2 multiplex real-time RT-PCR with other viruses.

Virus Genotype or strain Nucleic acid NIID-S2-3plex
concentration/reaction RT-PCR
Blood-borne virus Genotype
HIV-1 B 2 x 103 U ub
HBV C 2 x 10* U ub
HCV 1b 5x 108 U ub
HEV 3b 5x 103 U ub
Parvovirus B19 1 2 x10% U uD
Mosquito-borne virus Strain
Chikungunya virus SL11131 4 x 108 copies uD
Mal09-02 2 x 108 copies uD
DOM14-73 3 x 107 copies uD
Zika virus PRVABC59 2 x 107 copies uD
MR766 2 x 107 copies uD
Yellow Fever virus 17D-204 1x 104 copies uD
Dengue virus 1 01-44 1x104 copies uD
Dengue virus 2 01-46 1x 10 copies uD
Dengue virus 3 00-40 1x 10 copies ub
Dengue virus 4 08-11 1x104 copies uD
Japanese )
encephalitis virus smb37 not assigned ub
West Nile virus NY99-4132 1x104 copies ub
Human coronavirus Strain
229E VR-740 1x108 copies ub
Sendai-H/1121/04 4 x 10° copies uD
NL63 Amsterdam | 2 x 108 copies ubD
0OC43 VR-1558 4 x10° copies ub
Tokyo/SGH-36/2014 6 x 106 copies ubD
Tokyo/SGH-06/2015 8 x 106 copies ubD
HKU1 Tokyo/SGH-15/2014 1x107 copies ub
Tokyo/SGH-18/2016 1x 108 copies uD

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR, reverse transcription-
polymerase chain reaction; IU, international unit; UD, undetermined; HIV, human immunodeficiency virus;
HBV, hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus.



Table. 5 Reported Assay result of logio genome copies of reference material

(Log10 copies/mL)

Facility code n # «a #2 B #3 r #4 5 # O RM
4a 5 5. 851 5.719 5. 864 5.786 6. 489 7.399
2 3 5.827 5.742 5.774 5.682 6. 350 7. 446
3 3 5. 861 5.721 5.757 5. 807 6.397 7.498
la 3 4.843 4.631 4. 666 4.696 5.165 6. 294
1b 3 4.913 4.752 4.975 4. 654 5.088 6. 442
Average 5. 459 5.313 5. 407 5.325 5.898 7.016
05% CL Lower 4.799 4.607 4.726 4.586 5. 021 6.278
Upper 6.118 6.019 6. 088 6. 065 6.775 1.754
GCV (%) 186.0 213.6 198.0 235.7 361.8 234.8

N 5 5 5 5 5 5

RM: Reference material, CL: confidence interval, GCV: % Geometric coefficient of variation

Table. 6 Summary of laboratory reported mean log1o unit (U) or international unit (IU) calculated
relative to reference standard.

(Log10 units/mL) (Log10 1U/mL)

Facility Code n # #2 B #3 v #5 # O Facility Code n # «a #2 B #r #4 6 # O
4a 5 5.297 5.220 5.320 5.186 5.901 4a 5 5.457 5.380 5.480 5.346 6.061

2 3 5.304 5.241 5.246 5.202 5.827 2 3 5.464 5. 401 5.406 5.362 5.987

3 3 5.282 5.120 5.089 5.245 5.786 3 3 5.442 5.280 5.249 5. 405 5.946

1a 3 5.264 5.117 5.219 5.138 5.643 1a 3 5.424 5.271 5.379 5.298 5.803

1b 3 5.313 5.136 5.269 5.126 5.604 1b 3 5.473 5.296 5.429 5.286 5.764
P aworagey | 5:292 | 5.167 | 5.228 | 5.179 | 5.752 R Cavorage; | 5452 | 5.327 | 5.388 | 5.339 | 5.912
Lower| 5.268 5.094 5.121 5.119 5.597 Lower| 5.428 5.254 5.281 5.279 5.757

95% CI 95% Cl

Upper| 5.316 5.240 5.336 5.240 5.907 Upper| 5.476 5.400 5.496 5.400 6.067

GCV(%) 4.5 13.6 20.1 1.3 29.4 GCV(%) 4.5 13.6 20.1 1.3 29.4

N 5 5 5 5 5 N 5 5 5 5 5

Table.7 Specification of SARS-CoV-2 variants reference material

Variant name logrounit (U) or international unit (IU)/mL
Alpha .
QHNOO1 5.292 log 10 Units/mL 5.452 log 10 1U/mL
Beta 5167  log 10 Units/mL 5327  log 10 IU/mL
TY8-612 (B.1.351) ' 9 : 9
Gamma .
TY7-501(P.1) 5.228 log 10 Units/mL 5.388 log 10 1U/mL
Delta 5179  log 10 Units/mL 5339  log 10 IU/mL
TY11-927(B.1.617.2) : 9 : 9
Omicron .
TY38-873 (BA.1) 5.752 log 10 Units/mL 5.912 log 10 1U/mL
6



Table.8 Histograms of reference panel log10 unit (U) or international unit (IU) estimates in assay

from laboratory and calculated relative to reference material

Histograms of each reference panel Log1o
unit (U) or international unit (IU) estimates

in assay from Laboratory reported result

Histograms of each reference panel Log1o

genome copy estimates in assay from

Laboratory reported result
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NATa  ha—Lh—_A F¥E 2021 FE EERE
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SRYSERTIERT YA B G v 5 — R

H
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1. FEOHW

Bl D NAT AT OEARTHRE £ L, FBEICE WV TH 2013-14 12 455 i Al
DR —v L A ik o> NAT A7 U —=2 7 ORBIENZENENFH L~ LT
Ly 7 ZEICEFT Sz, ZRaBEE 2T, 2014 FOIEEFRE 0730 55 1 HI2 L0 TiK
BH DT A N3 HREVEMRE B & LI EREERE (NAT) OEEIZBd 5
A RTA 2 (LLF, NAT TA BT A4 ) ) OSENMTOI, FEEMHE 0730 5 2 51T &
O E MR A 2 U — =2 T ~OfEBI NAT E AL S NAT IZHE & X325 16 H RS
DBIENRITOIT, LI, 2016 £ ICH LW~ L F 7 Ly 7 Z3E%4 vz HBV NAT O
R RS & R B O R Z B9 L LT WHO HBV Y=/ # A TEFESR AR L&
W25 8 Bl NAT =2 > b — /b —A | 2017-18 A-E1Z HIV-1 NAT Ok I &
FYEOEBIELZ HAE LT WHO HIV-1 V7 % A TEBES B SV &2 AV 9 (1
NAT = b o —/L¥—~o | 2019 4EEIC HCV NAT O IR & 85 Bk o 25 IIR &
HE9E LCHCV %7 %A 7ENSE ARV ZHWZE 10 [B] NAT =22 kg —/LH—x
A, 2020 FEEEICHT LW~ LT T Ly 7 AR T D HIV-1 NAT O HREE & & 5L o
FfEE 2 B9 & LC WHO HIV-1 CRF EEEZ 3 L& FV -5 11 [8] NAT =22 K
2 — L — o % F i LT,

I i > NAT 27 U —=> 73 BRiEDS 2020 45 8 H kv HEV Oz 7=
VT T Ly 7 ARICEH SN, ZEBE 2T, 2021 41X HBY, HCV, HIV-1,
HEV @ 4 7 A )V A2V % W T FTalBRIED ENEID 7 A L ATk 2 4 K
FE L RERMEORE A B E L2812 [0 NAT =2 b a— b —f % i i ik
D NAT 27 V) —=> 73 B &k A EREBR O NAT 3 & et & L L7,

2. MM
1) B (1)
i ) i A 0> NAT S fiak 8 Mk
AT P 8m L LT, BRI A —— 1 ik, WS 1 i

2) NELOFPR (F2)

MEFE LT, HBV, HCV, HIV-1, HEV EWNAZAESR 2 F VD CRHiH oS 7 L 2 ERLL
2o BEMEMSER AR R B QNS BRI O AU X EN R Bk o2 g (HCV fiik,
HBs #itJil, HIV-1/2 fifk, & O'HBV, HCV, HIV-1/2, HEV ® NAT & TH kM) % H
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W7z, HBV, HCV, HIV-1 122\ CiX, #if o NAT T & X5 R SE
(HBV: 100IU/mL, HCV: 100IU/mL, HIV-1: 200IU/mL) & % ® 3 (£ 25 7-% 300
IU/mL 8% 600 TU/mL S A Z A RGREL L 7=, HEV NAT (22 Cid, s ik
D NAT THELE INHHHRBIMEIT 725 E STV WA, H AR FAEOEA L
TR Y AT 2D 95% 5 HTIE T 3.6 TU/mL & Ad TRV Z & 2874 HBV < HCV
&R 100 TU/MmL & Z D 3 5 EICH -5 300 IU/mL (A2 ARG Lz, x7
V== B SRV E LT 9 IR, KORERBA SRV E LT 6 RIKDE 15 %
a7 T4 MM LTz S0V & BAE S5 Lz,

3) &

g i, P 1 i A > NAT SEftifiti sk & AFFehtizk 1% Procleix UltrioPlex E ABD Assay (7
U 7 4V AR EAD) 2RV THIE Lz, 2 ORBRIEIZESIRIKDO A 7 ) —=> 7R R
(HBV. HCV, HIV-1/2 Z@R3 it L, R HEV 28Tt 5) & HBV,
HCV. HIV-1/2 ZfJ53 5 72O DRERER & bk S T\ D, BARITA 27 Y —
=2 7B L RERBR O ;7 ORBRIEEZHNT, 227 U —=2 7R/ SRV 9 Bk K
ONRERBRH S22 6 IRICK L CENENHR ZE 2 T 2 BT HOHE LT,

4) FER
(1) it M8 A > NAT (3% 3)

HAMRY-FAE7 a7 gt o % —4 8 sk IZHB W\ TIEHZ D NAT A K7 A 1T
FESWTHEM L TWD NAT Rz, =7 )H:/&aft.%ﬁ%‘é:lﬂmaﬁﬁ&@ﬁji ZRWn
THBV, HCV, HIV-1, B XU HEV IZ7 2 EE B E L I S Tz, 4
FIZBWT HBV, HCV, HIV-1, BXOHEV ORHRFEICAIR S -k L0z
D 3EREICAHN SN MEE R TRIHTE D Z L 2R Lz, BIEXTRITeTratte
HIE STz,

(2) WFFEfiR IS O A — I —I281F 5 NAT

FTH—R—= Lfi;ﬁmw:b% fiiFk ks KOG A —H — 12 CEE I TV % NAT
AT HBV, HCV, HIV-1, BX U HEV ORHEBIEICHR I N RIES L OED 3
FREICARINT-RIEZETRIHTE D Z L 2R Lz, BErERIT e TR & uE
STz,

3. B

2021 4EJE 2 FE i L7 HBV, HCV, HIV-1, HEV @ 4 7 A )L AR )L % W75 12
6] NAT =22 b o — /L —_A 2 C, il Mo NAT 27V —= 2 73 Bk & [7 &R
ORBRIEICB VT, HBV, HCV, HIV-1, BXOHEV O%% 7 A )L 2 DGMERA % [
BRI TE D 2 &2l TE e, BRI TR L HIE S,
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s, e A 0> NAT e ik 8 Misk (2 F\ T Bl fi il > NAT 227 V) —=>
7B ED 2020 4E 8 A X v ko HBV, HIV, HCV I HEV O &Nz 7=~ L F 7
Ly 7 ZEICEF TSN, AROF—_AI12L > T, B LORBRIEICEE T 2R EE N
WHUNCE SN TWD Z &R LT,

4. 2022 FEOFEfEFE (K 4)

2022 41, 8%y 855 o JFUR LA 77— L > NAT % it 2 sk & %42 HBV,
HCV, HIV-1 NAT D& & Re B0 EIGHEA B & L7258 18 [ NAT =22 hr—/L
= DOFEREEFHE L TN D,
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R2 EREERZHWE4A A LR /NI

=E 7wkl

RIEES il Genotype/Subtype (1U/mL) (1U/mL)
01 HBV DNAE N1EZm Genotype C 300 1.06x10°
02 MM - - -
03 HIV-1 RNAERE 2 m Subtype B 600 7.5x104
04 HEV RNAEINZ%m Genotype 3b 300 2.5x10°
05 HCV RNAEIRAZ % m Genotype 1b 300 2.6x10°
06 HEV RNAE N1EZm Genotype 3b 100 2.5x105
07 HBV DNAEN1E%m Genotype C 100 1.06x10°
08 HCV RNAE E Genotype 1b 100 2.6x105
09 HIV-1 RNAEI N Z % 5 Subtype B 200 7.5x104

Hez®RA TZ@?‘?&EUE



RIAES

01
02
03
04
05
06
07
08
09

x3 BEFRTFEHE70y 71
i - REREE

477 4 VA DIRE
i Genotype/Subtype
HBV DNAE A1R%Em Genotype C
fE M MmER -
HIV-1 RNAEI N E# &2 Subtype B
HEV RNAER1E£m Genotype 3b
HCV RNAERR#Em Genotype 1b
HEV RNAER1ZZ£m Genotype 3b
HBV DNAEIANZE £ m Genotype C
HCV RNAERZ#m Genotype 1b
HIV-1 RNAEI N EE% R Subtype B

w2 —0D

=E
(IU/mL)

300
600
300
300
100
100
100
200

R Y—=24
i)
8/8
0/8
8/8
8/8
8/8
8/8
8/8
8/8
8/8

[5) 7 ol BR
(i)

8/8
8/8
8/8
8/8

8/8
8/8
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FAEARERZRAWVWE3IVAILRNRZRIL (F)

R =E (U/mL) FARIMER

HCVES 4 MER (> 104 1U/mL)

E=EHBVE Mt &RE HBV 300 HIV-1E5 & mR (> 104 IU/mL)
fE M MmeR

HBVEG 4 MR (> 104 IU/mL)

EREHCVE R HCV 300 HIV-1EE & MER (> 104 1U/mL)
fE MMM 4R

HBVEZ MR (> 104 IU/mL)

EREHV-1ESERE HIV-1300 HCVEZ MR (> 104 1U/mL)
4 MmaR
EMERA - fEME MR

01~10

HzZZ ‘CSIE?‘?%EUE
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1 x

HBV 9 2 1

HCV 5 O O O

# 20 O O O

CMV 5 O 2% O

HEV 4 O O 1%
= 43 2 3 2
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2021 - @

.
N

84810 EEHAE - _ -
sty = {MmA | ID-NAT | HBsAg | HBcAb | HBsAb | ALT | wLzmes
< fEén | 2020/38 + - _ - 34 | EERFEEE
2019/12A8 2020/38 s _ _ _ _
\ W Saai wey | 2019/128 20 NT
NS I i
401\ - B T@BUNA;— & 21) : J1@EBINAT
@3 2 ) =@ : .
— Mg e [ HBV-DNA [ [~ """~ "7""""---"7-- DIV AEEE—E
|
PR oh o @ Genotype : A2 |
STZHED, SIS FFP X e s Q !
%E%DD‘UIC@&E}E 5 'j’r)l/Z/Eg . KEEBE%*/% (ZOlU/mLiﬁﬁ) I
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HEV-NATX D =V I8ABOHEV#GRE
(2020%8R858~)

HEV-NATE A D

_____________ es6ns WANGREDS A ]
C{E Enfi 2 [B1gEAM D=
[ O‘ O‘ Q et inASYAY =3 Cliill| Ui
(1% ﬁﬁié@) HEV-NATZ D 291 ) ==/
SDOHRIMEDFEENE NATSE,

CUINEEEIDL Y ES)

1. HEV-NATEZEMD@ECN B EMMBEXTRE U, EERATEBIHEV-NATEM N NMERSNDETNATE
I D FEIEIRD)—ZVTHEV-NATIEEFH CHNIEZDHREESIRT D,
2. [BRIHEV-NATEBMOIMKBEDOZSMBEICDUNT, BPEINRERFET D,

3 WRGREXTREZDHERBE ULBFREROFFPORRMEL. HEV-NATHBMDISBEIIBEICFIA
L. BEOBSIIRRMEE U GENT D, XMIREFINHGEHDGS IIEEMEICHEAINTEER L. K

fEARTHNIFEIINT D,

202152848 RUEE. @6 AMADIMKRND T N THEVNATEH THIDIZH. XIRBAMIMKRDNAT
EHTHNIS. BEEREREANOREFIC L TCOPIY 3y (BERIEOZMEDRE) (FFHEE UL, 29
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Duration of viral shedding and culture
positivity with postvaccination SARS- A
CoV-2 delta variant infections

Mark ). Siedner,"? Julie Boucau,? Rebecca F. Gilbert," Rockib Uddin,' Jonathan Luu,*

Sebastien Haneuse,* Tammy Vyas,' Zahra Reynolds,' Surabhi lyer,’' Grace C. Chamberlin,’
Robert H. Goldstein,"? Crystal M. North,"? Chana A. Sacks,"? James Regan,® James P. Flynn,* '\ Nasal swabs collcted 3x
Manish C. Choudhary,?* Jatin M. Vyas,"? Amy K. Barczak,"?? Jacob E. Lemieux,"*¢ and Jonathan Z. Li** sk et ey 180

negative PCR

SARS-CoV-2 post-vaccine
breakthrough infection

'Massachusetts General Hospital, Boston, Massachusetts, USA. Harvard Medical School, Boston, Massachusetts, USA.
3Ragon Institute of MGH, MIT and Harvard and “Harvard T.H. Chan School of Public Health, Boston, Massachusetts, USA.
Brigham and Women's Hospital, Boston, Massachusetts, USA. ®Broad Institute, Cambridge, Massachusetts, USA

Specimens evaluated

by PCR for viral load,

sequencing, and viral
culture

Isolation guidelines for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are largely
derived from data collected prior to the emergence of the delta variant. We followed a cohort of
ambulatory patients with postvaccination breakthrough SARS-CoV-2 infections with longitudinal

collection of nasal swabs for SARS-CoV-2 viral load quantification, whole-genome sequencing, and Viral Load Viral Sequencing Viral Culture
viral culture. All delta variant infections in our cohort were symptomatic, compared with 64% of

non-delta variant infections. Symptomatic delta variant breakthrough infections were characterized / \

by higher initial viral load, longer duration of virologic shedding by PCR, greater likelihood of

replication-competent virus at early stages of infection, and longer duration of culturable virus
compared with non-delta variants. The duration of time since vaccination was also correlated
with both duration of PCR positivity and duration of detection of replication-competent virus.

Nonetheless, no individuals with symptomatic delta variant infections had replication-competent R e
virus by day 10 after symptom onset or 24 hours after resolution of symptoms. These data support of delta vs non-delta virus
US CDC isolation guidelines as of November 2021, which recommend isolation for 10 days or

until symptom resolution and reinforce the importance of prompt testing and isolation among -

symptomatic individuals with delta breakthrough infections. Additional data are needed to evaluate
these relationships among asymptomatic and more severe delta variant breakthrough infections. l l

Delta variant infections
Median 13.5 days to PCR negative
Median 7 days to culture negative Median 3 days to culture

JCl Insight. 2022;7(2):e155483. https://doi.org/10.1172/jci.insight.155483.

Post-vaccination symptomatic delta variant infections were characterized by significantly longer
duration of PCR positivity and longer isolation of replication-competent virus
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Duration of Shedding of Culturable Virus in SARS-
CoV-2 Omicron (BA.1) Infection

Julie Boucau ', Caitlin Marino ', James Regan 2, Rockib Uddin 2, Manish C Choudhary 2
James P Flynn 2, Geoffrey Chen 3, Ashley M Stuckwisch 3, Josh Mathews 3, May Y Liew 3,
Arshdeep Singh 3, Taryn Lipiner 3, Autumn Kittilson 2, Meghan Melberg 2, Yijia Li 2
Rebecca F Gilbert 3, Zahra Reynolds 3, Surabhi L lyer 3, Grace C Chamberlin 2,

Tammy D Vyas 2, Marcia B Goldberg 2, Jatin M Vyas 2, Jonathan Z Li 2, Jacob E Lemieux 3,
Mark J Siedner 2, Amy K Barczak 3

1Ragon Institute, Cambridge, MA.
2Brigham and Women's Hospital, Boston, MA.
3Massachusetts General Hospital, Boston, MA.

Figure 1

Viral Decay and Time to Negative Viral Culture. Panel A
shows viral-load decay from the time of the first positive
polymerase-chain-reaction (PCR) assay. Viral loads from nasal-
swab samples obtained from individual participants are shown.
Each circle or triangle represents a sample obtained on the
specified day. The median viral load at each time point for each
variant is also shown. LOD denotes limit of detection. Panels B
through E show Kaplan-Meier survival curves for the time from
an initial positive PCR assay to a negative PCR assay, according
to viral variant (Panel B) and vaccination status (Panel D), and
the time from an initial positive PCR assay to a negative viral
culture, according to viral variant (Panel C) and vaccination
status (Panel E). In all panels, shaded areas indicate 95%
confidence intervals. Sequencing showed that all omicron
variant strains were the subvariant BA.1, inclusive of
sublineages.

A Change in Viral Load

Viral Load (log,, copies/ml)

<A Delta variant, median viral load

A Delta variant, positive culture

A Delta variant, negative culture

“©- Omicron variant, median viral load
@ Omicron variant, positive culture
O Omicron variant, negative culture

® --LOD

Days since First Positive PCR Assay

B Time to PCR Conversion
100

Percentage of Participants
with Positive PCR
3

==~ Omicron variant
—— Delta variant

No. at Risk
Omicron variant 34
Delta variant 32

T
5 10 15 20
Days since First Positive PCR Assay

32 2 7 0
27 17 3 0

C Time to Culture Conversion
100

==~ Omicron variant
— Delta variant

Percentage of Participants
with Positive Culture
3

Days since First Positive PCR Assay

No. at Risk
Omicron variant 34 18 6 0
Delta variant 32 11 2 0

D Time to PCR Conversion

1001~

3
1

Percentage of Participants
with Positive PCR
~ o
i <

o

~—— Unvaccinated
Vaccinated
Boosted

E Time to Culture Conversion
100+~

~—— Unvaccinated
Vaccinated
Boosted

Percentage of Participants
with Positive Culture
3
T

5 15 20 15
Days since First Positive PCR Assay
No. at Risk No. at Risk
Unvaccinated 16 14 5 1 0 Unvaccinated 16 7 1 0
Vaccinated 37 34 26 8 0 Vaccinated 37 15 3 0
Boosted 13 11 8 1 0 Boosted 13 7 4 0
https://www. ncbi.nlm. n

ih. gov/pmc/articles/PNC9258747
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Table S3. Median time to PCR and culture conversion

Days to confirmed PCR Conversion Days to Confirmed Culture
(median, IQR) Conversion (median, IQR)
Days from Index PCR
Delta 10 (8-14) 4 (3-5)
Omicron 11 (8-15) 5(3-9)
Days from Index PCR or Symptom Onset
Delta 12 (9-15) 6 (4-7)
Omicron 13 (11-16) 8 (5-10)

https://www. ncbi.nlm.nih. gov/pmc/articles Pg(i?258747
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Sex
n=71642

Men Women

0 50 100 150 0 50 100 150
Days since symptom onset
Number of symptoms - One or more — Two or more —— Three or more -~ Four or more Five or more

Fig. 2. Persistence of symptoms over time. Plots showing persistence of symptoms as a proportion of those who
reported symptoms at any time, among n= 71,642 respondents for whom we had 150 days’ observation time.
Women have higher rates of persistent symptoms; a slower decline in symptom prevalence is observed after 12
weeks in both sexes. The vertical dashed lines show 4 and 12 weeks post symptom onset, respectively.

https://pubmed. ncbi.nim. nih. gov/35413949/
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+ American | Blood
| / Red Cross | Services

Red Cross Donation Safety Protocols

Travel and Deferral Information

The American Red Cross has implemented new blood donation deferrals out of an abundance of caution. We are now asking that
individuals postpone their donation for 10 days following:

e Diagnosis of COVID-19
¢ You have had a positive diagnostic test for COVID-19 or you have had any symptoms of COVID-19
As the situation evolves, the Red Cross will continue to evaluate all emerging risks in collaboration with the U.S. Food and Drug

Administration, Centers for Disease Control and Prevention and industry partners to determine if additional intervention strategies are
needed. Together, we stand ready to keep the American public informed and prepared.

If you are feeling healthy, please book a donation appointment now.
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m COVID-19D K I

https://www. redcrossblood. org/donate-blood/d|p/coronavirus——covid-19—and-blood-donation. html
H4 FEER 982/09/22



https://www.redcrossblood.org/donate-blood/dlp/coronavirus--covid-19--and-blood-donation.html

FHEIOF M)V AR Z O I HIFEHARE (hF4A) -

— Can | donate blood if | had COVID-19?

Those who have contracted COVID-19 will be deferred, and the amount of days deferred depends on their symptoms and recovery. A person who had
COVID-19 and was asymptomatic is not eligible to donate blood for 14 days after a positive test. If the infected person was symptomatic but not

hospitalized, they must wait to donate for 14 days after a full recovery. If the person was hospitalized, they cannot donate until 21 days after a full
recovery For more information about eligibility, we ask donors to call 1 888 2 DONATE (1-888-236-6283).
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https://www.blood.ca/en/covid19
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NHS

Blood and Transplant

@00 :
‘U Give blood 1. Affected individuals (confirmed or suspected COVID-19)

Had symptoms with positive test
- You may donate7 days from when your symptoms resolved and no
further testing is required

Had symptoms, not tested
-You may attend 14 days from recovery and at least 7 days from any
antibiotics and no further testing is required.

No symptoms with positive test
- You may attend 7 days from your last positive test and no further
testing is required

No symptoms and no test
- You may attend as long as you remain well
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https://my.blood.co.uk/KnowledgeBase/Index/coronavirus%20infection
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Finnish Red Cross
Blood Service

The eligibility of blood donors

If you were diagnosed with COVID-19,you need to wait at least 10 days after your symptoms started (or from the day the sample
was taken if you have no symptoms) before donating blood. If you have had fever over 38 degrees, you should wait at least 14 days
after you have recovered. A severe infection that has required hospital treatment results in a 3-month deferral time.
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Australian Red Cross

Lifeblood®

If I've been diagnosed with COVID-19,
when can | donate blood?

Currently, you may donate blood when you have completed all required public health follow up and 7 days after you've made a full recovery fromm COVID-19. The 7

days begins on the first day once you are symptom-free.

If you are diagnosed with COVID-19 but do not develop any symptoms, you may donate blood 7 days after the date of the positive test result.
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Patient characteristics

Age, mean (SD) years

Male sex, n (%)

Days since onset (SD), days
Comorbidities and medication

Hypertension, n (%)

Diabetes, n (%)

Dyslipidemia, n (%)

History of smoking, n (%)

COPD, n (%)

OMI, n (%)

CABG, n (%)

Arrhythmia, n (%)

Use of ACEI/ARB, n (%)

Use of B-blocker, n (%)
Severity of COVID-19

Non-severe; no oxygen n (%)

Severe; inhalation of oxygen, intubation,
and ECMO n (%)

Laboratory data
White blood cells, mean (SD), uL
Hemoglobin, mean (SD), mg/dL
Platelets, mean (SD), 10%/uL
Echocardiography
Ejection fraction, (SD) %

COVID-19
(n=209)

45 (19)
106 (51)
56 (62)

33 (16)
16 (8)
26 (12)
47 (23)
(1)
0(0)
0(0)
4(2)
24 (12)
(1)

165 (79)

44 (21)

5,310 (1,725)
13.7 (2.2)
24.6 (7.1)

64.9 (6.5)

Table. Comparison of the Characteristics of hsTnT-Positive and -Nedative Patients

hsTnT >0.003 ng/mL
(n=135)

50 (42.5-56)
93 (69)
54 (35-97.5)

30 (22)
16 (12)
24 (18)
32 (24)
1(1)
0(0)
0(0)
4(3)
23 (17)
1(1)

96 (71)

39 (28)

5,310 (1,630)
14.1 (2.1)
23.5(7)

65.4 (6.5)

hsTnT <0.003ng/mL

(n=74)

36 (31-45)
13 (18)
56.5 (32.3-89.8)

5,330 (1,875)
13.1 (1.5)
26.0 (5.9)

63.6 (6.5)

P value®

<0.001
<0.001
0.507

<0.001
0.002
0.002
0.608

0.300
<0.001

<0.001
<0.001

0.652
<0.001
0.009

0060 8l
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e COVID-19 is now recognized as a multi-organ disease with a broad spectrum of manifestations.
* post-acute COVID-19:a syndrome characterized by persistent symptoms and/or delayed or long-
term complications beyond 4 weeks from the onset of symptoms

| Acute COVID-19 | Post-acute COVID-19 l

| Subacute/ongoing COVID-19 | Chronic/post-COVID-19 |

| Detection unlikely PCR positive PCR negative |
Fatigue

Decline in quality of life
Muscular weakness

Joint pain
Nasopharyngeal Dégﬂgﬁa

Persistent oxygen requirement

¥

. : Anxiety/depression
Viral isolation from , ty/dep

=

RS . { Sleep disturbances
' respiratory tract \ v PTSD
B 7 Cognitive disturbances (brain fog)
E Headaches
o
=
Palpitations
Chest pain

SARS-CoV-2

exposure Thromboembolism

Chronic kidney disease

Hair loss

| week -2 Week —1 Week1 | Week2 | Week3 | Week4 | | week12 | | 6months |

« »

Before symptom onset After symptom onset 84
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e COVID-19 is now recognized as a multi-organ disease with a broad spectrum of manifestations.
* post-acute COVID-19:a syndrome characterized by persistent symptoms and/or delayed or long-
term complications beyond 4 weeks from the onset of symptoms

| Acute COVID-19 Post-acute COVID-19 l
Subacute/ongoing COVID-19 Chronic/post-COVID-19
| |
| Detection unlikely | PCR positive | PCR negative |
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e COVID-19 is now recognized as a multi-organ disease with a broad spectrum of manifestations.
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Table 1| Findings from clinical studies on the prevalence of post-acute COVID-19 syndrome

1 3 H 24 ' R 73 1 22 A A H 26 5
Carfietal. Halpin et al. Carvalho- Chopra et al. I Arnold et al. Moreno-Pérez Moreno-Pérez Garrigues etal.> Huangetal.
Schneider et al.”" | . etal.”? etal.”?
Site Italy United Kingdom France I United States ¥ United Kingdom Spain Spain France China
Number of participants 143 100 150 I 488 : 110 277 277 120 1733
Follow-up I
Duration 2months 1-2months 2months I 2months i 3months 2-3months 4months 3-4months 6 months post-
post-symptom post-discharge post-symptom onset I post-discharge I post-symptom onset post-COVID-19 onset post-COVID-19 onset post-admission symptom onset
onset
Mode of follow-up evaluation In person Telephone survey Telephone survey : Telephone survey : In person In person In person Telephone survey In person
Baseline characteristics
Age (years) Mean (s.d.)=56.5 = Median (ward/ Mean (s.d.) =45 (15) I NR I Median (IQR)=60 Median (IQR) =56 Median (IQR) =56 Mean (s.d.)=63.2 Median (IQR) =57
(14.6) ICU)=70.5/585 1 I @6 (42-675) (42-67.5) 5.7) (47-65)
Female (%) 371 46 56 I NR I 38.2 47.3 473 375 48
Acute COVID-19 features 1 1
Oxygen therapy requirement (%) 53.8 78 I I 754 75
Non-invasive ventilation (%) 14.7 30 1 1 6
Invasive ventilation (%) 49 1 1 1 1
ICU care (%) 12.6 32 0 '] J 164 8.7 8.7 20 4
——
Post-acute COVID-19 I I
>1symptom (%) 874 66 I 326 I 74 50.9 76
>3 symptoms (%) 55.2 1 1
2 eneral sequelae » [
SRR p L] bl
TGN 15N Fatigue (%) 531 64 40 I I 39 34.8 55 63
b . in (9
F—i’gﬁﬂ g‘!—mg' Joint pain (%) 273 16.3 1 45 19.6 9
Muscular pain (%) I I 19.6
Fever (%) 0 0 I I 09 (0] 01
- Respiratory sequelae 3
N Of; PR £ Dyspnea (%) 434 40 30 LIPPY) i 39 344 11 M7 23
DZE’U( Cough (%) -15 ! 15.4 g 8 213 21 16.7
Cardiovascular sequelae - o
BOERSE [ chestpan oo 217 131 T 7 108 5 |
Palpitations (%) 10.9 1 L) 9
Neuropsychiatric sequelae I I
Anxiety/depression (%) I I 23
Sleep disturbances (%) I I 24 30.8 26
s ey PTSD (%) 31 I
IRE - GRE | Loss of taste/smell (%) -15 22.7 131 I s 214 10.8-13.3 7-11 |
B Headache (%) -10 Is 17.8 54 2
Gastrointestinal sequelae I I
Diarrhea (%) 1 I oo 10.5 -5
Dermatologic sequelae l I
Hair loss (%) 1 | 20 22
Skin rash (%) 1 1 3
Quality of life I I
Scale EuroQol visual EQ-5D-5L I I SF-36 EuroQol visual analog EQ-5D-5L EuroQol visual
analog scale o = scale analog scale
Decline (percentage of patients = 44.1 Yes L =~ Yes Yes Yes Yes I
QO L{-& -F reporting or yes/no) I I 00
IQR, interquartile range; NR, not ref orted; s.d., standard de viation; SF-36, 36-Item Short Form Survey. I I 00
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Box 1| Summary of post-acute COVID-19 by organ system

Pulmonary

Dyspnea, decreased exercise capacity and hypoxia are com-
monly persistent symptoms and signs

Reduced diffusion capacity, restrictive pulmonary physiology,
and ground-glass opacities and fibrotic changes on imaging
have been noted at follow-up of COVID-19 survivors
Assessment of progression or recovery of pulmonary disease
and function may include home pulse oximetry, 6MWTs,
PFTs, high-resolution computed tomography of the chest and
computed tomography pulmonary angiogram as clinically
appropriate

Hematologic

Thromboembolic events have been noted to be <5% in
post-acute COVID-19 in retrospective studies

The duration of the hyperinflammatory state induced by infec-
tion with SARS-CoV-2 is unknown

Direct oral anticoagulants and low-molecular-weight hepa-
rin may be considered for extended thromboprophylaxis
after risk-benefit discussion in patients with predisposing
risk factors for immobility, persistently elevated p-dimer lev-
els (greater than twice the upper limit of normal) and other
high-risk comorbidities such as cancer

Cardiovascular

Persistent symptoms may include palpitations, dyspnea and
chest pain

Long-term sequelae may include increased cardiometabolic
demand, myocardial fibrosis or scarring (detectable via cardiac
MRI), arrhythmias, tachycardia and autonomic dysfunction
Patients with cardiovascular complications during acute infec-
tion or those experiencing persistent cardiac symptoms may
be monitored with serial clinical, echocardiogram and electro-
cardiogram follow-up

Neuropsychiatric

Persistent abnormalities may include fatigue, myalgia, head-
ache, dysautonomia and cognitive impairment (brain fog)
Anxiety, depression, sleep disturbances and PTSD have been
reported in 30-40% of COVID-19 survivors, similar to survi-
vors of other pathogenic coronaviruses

The pathophysiology of neuropsychiatric complications is
mechanistically diverse and entails immune dysregulation,
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inflammation, microvascular thrombosis, iatrogenic effects of
medications and psychosocial impacts of infection

Renal

Resolution of AKI during acute COVID-19 occurs in the
majority of patients; however, reduced eGFR has been reported
at 6 months follow-up

COVAN may be the predominant pattern of renal injury in
individuals of African descent

COVID-19 survivors with persistent impaired renal function
may benefit from early and close follow-up in AKI survivor
clinics

Endocrine

Endocrine sequelae may include new or worsening control
of existing diabetes mellitus, subacute thyroiditis and bone
demineralization

Patients with newly diagnosed diabetes in the absence of tra-
ditional risk factors for type 2 diabetes, suspected hypotha-
lamic-pituitary-adrenal axis suppression or hyperthyroidism
should undergo the appropriate laboratory testing and should
be referred to endocrinology

Gastrointestinal and hepatobiliary

Prolonged viral fecal shedding can occur in COVID-19 even
after negative nasopharyngeal swab testing

COVID-19 has the potential to alter the gut microbiome,
including enrichment of opportunistic organisms and deple-
tion of beneficial commensals

Dermatologic

Hair loss is the predominant symptom and has been reported
in approximately 20% of COVID-19 survivors

MIS-C

Diagnostic criteria: <21 years old with fever, elevated inflam-
matory markers, multiple organ dysfunction, current or
recent SARS-CoV-2 infection and exclusion of other plausible
diagnoses

Typically affects children >7years and disproportionately of
African, Afro-Caribbean or Hispanic origin

Cardiovascular (coronary artery aneurysm) and neurologic
(headache, encephalopathy, stroke and seizure) complications
can occur

Multisystem
inflammatory syndrome
in children (MIS-C)

89



natare., .
medicine

FOCUS | REVIEW ARTICLE

https://doi.org/10.1038/541591-021-01283-z

Post-acute COVID-19 syndrome

NATURE MEDICINE | VOL 27 | APRIL 2021 | 601-615 | www.nature.com/naturemedicine

MR R, EE gEhDE
T, K%
LB RED IR T, RUA
?Z[@%, fRHEAE DK IEDH
L

67 BITFEHIITT A, PFT,
RIERCT/RE THESR

5% LA IZ AR A E

1B 5| 2% AE O F 5t 2A 8 A~ BA
BREHEN E<D-dimerfEAY2
BEULEDZE, BOE,
Heparin A\ HE 22

EhiF, FFIRE, K97E
DA DML, TR, 55
Ak, fEE%EO#EE
LIa— DERREICK
SE=5—

BER AR, BERE T
AR, SRENBEEERE

&, &, mRES, PTSD
1 E30-40%2E LS
REFNGEE, XE I
1, BEICKSETREN

Box 1| Summary of post-acute COVID-19 by organ system

Pulmonary

Dyspnea, decreased exercise capacity and hypoxia are com-
monly persistent symptoms and signs

Reduced diffusion capacity, restrictive pulmonary physiology,
and ground-glass opacities and fibrotic changes on imaging
have been noted at follow-up of COVID-19 survivors
Assessment of progression or recovery of pulmonary disease
and function may include home pulse oximetry, 6MWTs,
PFTs, high-resolution computed tomography of the chest and
computed tomography pulmonary angiogram as clinically
appropriate

Hematologic

Thromboembolic events have been noted to be <5% in
post-acute COVID-19 in retrospective studies

The duration of the hyperinflammatory state induced by infec-
tion with SARS-CoV-2 is unknown

Direct oral anticoagulants and low-molecular-weight hepa-
rin may be considered for extended thromboprophylaxis
after risk-benefit discussion in patients with predisposing
risk factors for immobility, persistently elevated p-dimer lev-
els (greater than twice the upper limit of normal) and other
high-risk comorbidities such as cancer

Cardiovascular

Persistent symptoms may include palpitations, dyspnea and
chest pain

Long-term sequelae may include increased cardiometabolic
demand, myocardial fibrosis or scarring (detectable via cardiac
MRI), arrhythmias, tachycardia and autonomic dysfunction
Patients with cardiovascular complications during acute infec-
tion or those experiencing persistent cardiac symptoms may
be monitored with serial clinical, echocardiogram and electro-
cardiogram follow-up

Neuropsychiatric

Persistent abnormalities may include fatigue, myalgia, head-
ache, dysautonomia and cognitive impairment (brain fog)
Anxiety, depression, sleep disturbances and PTSD have been
reported in 30-40% of COVID-19 survivors, similar to survi-
vors of other pathogenic coronaviruses

The pathophysiology of neuropsychiatric complications is
mechanistically diverse and entails immune dysregulation,
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inflammation, microvascular thrombosis, iatrogenic effects of
medications and psychosocial impacts of infection

Renal

Resolution of AKI during acute COVID-19 occurs in the
majority of patients; however, reduced eGFR has been reported
at 6 months follow-up

COVAN may be the predominant pattern of renal injury in
individuals of African descent

COVID-19 survivors with persistent impaired renal function
may benefit from early and close follow-up in AKI survivor
clinics

Endocrine

Endocrine sequelae may include new or worsening control
of existing diabetes mellitus, subacute thyroiditis and bone
demineralization

Patients with newly diagnosed diabetes in the absence of tra-
ditional risk factors for type 2 diabetes, suspected hypotha-
lamic-pituitary-adrenal axis suppression or hyperthyroidism
should undergo the appropriate laboratory testing and should
be referred to endocrinology

Gastrointestinal and hepatobiliary

Prolonged viral fecal shedding can occur in COVID-19 even
after negative nasopharyngeal swab testing

COVID-19 has the potential to alter the gut microbiome,
including enrichment of opportunistic organisms and deple-
tion of beneficial commensals

Dermatologic

Hair loss is the predominant symptom and has been reported
in approximately 20% of COVID-19 survivors

MIS-C

Diagnostic criteria: <21 years old with fever, elevated inflam-
matory markers, multiple organ dysfunction, current or
recent SARS-CoV-2 infection and exclusion of other plausible
diagnoses

Typically affects children >7years and disproportionately of
African, Afro-Caribbean or Hispanic origin

Cardiovascular (coronary artery aneurysm) and neurologic
(headache, encephalopathy, stroke and seizure) complications
can occur
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John P. Bilezikian®, Donald W. Landry® and Elaine Y. Wan 1=

SEEREEEEN ey A
e BHLHY

OO BELEEE
MHICBEHELAH--BIE
HmmcorR—7yr

M5B ERIEE, MR
DANFEBLDER, FIRAR
®, BRI

HRICERIRDZWER T
F=AIE, RERTER- T E K —
BIB#HOEE, FIRIREEE
JUED T RES

E1F5Eswab T TH
EEDTHEEDHIHY
BFRHEEEOELL

20%IZRiE

Multisystem
inflammatory syndrome
in children (MIS-C)

« 2IMUT TR %
EMET—h—DEm,
e

« TRUTOEEZEX,
N D)

. HiKEE-HIEROSE
i3



FOCUS | REVIEW ARTICLE

natare,,
medlcme https://doi.org /10.1038/541591-021-01283-z

Post-acute COVID-19 syndrome

NATURE MEDICINE | VOL 27 | APRIL 2021 | 601-615 | www.nature.com/naturemedicine

Ani Nalbandian "2, Kartik Sehgal 234245, Aakriti Gupta™'5%, Mahesh V. Madhavan @5,
Claire McGroder 7, Jacob S. Stevens®, Joshua R. Cook ©'% Anna S. Nordvig ©°, Daniel Shalev",
Tejasav S. Sehrawat 2, Neha Ahluwalia™, Behnood Bikdeli*>5'4, Donald Dietz',

Caroline Der-Nigoghossian', Nadia Liyanage-Don", Gregg F. Rosner', Elana J. Bernstein ©'€,
Sumit Mohan 8, Akinpelumi A. Beckley™, David S. Seres??, Toni K. Choueiri 234, Nir Uriel",
John C. Ausiello®, Domenico Accili®, Daniel E. Freedberg?', Matthew Baldwin©7, Allan Schwartz',
Daniel Brodie 7, Christine Kim Garcia’, Mitchell S. V. Elkind ©'°%, Jean M. Connors*?%,

John P. Bilezikian®, Donald W. Landry® and Elaine Y. Wan 1=

Interdisciplinary management in COVID-19 clinics

Pulmonary/cardiovascular

Symptom assessment through

ﬂ? [& %E *il. virtual/in-person follow-up at

4-6 weeks and at 12 weeks

‘TE i% %E *5'- post-discharge

|

Dyspnealpersistent oxygen requirement

Consider BMWT, PFT, chest X-ray,
PE work up, echocardiogram and
g HRCT of the chest as indicated s

Hematology ‘\\ /,-’ Neuropsychiatry
Consider extended T ’ Screer_ling for anxiety, "
MR tigvakoinsvoceton Bl/ el macmie  FATERL
shared decision-making e ) . ! impairment
COVID-19 clinic
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Renal

Early follow-up with
nephrologists after discharge for
patients with COVID-19 and AKI
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Primary care

Consideration of early rehabilitation
Patient education N
Consider enrollment in clinical /k
research studies
Active engagment with patient
advocacy groups
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Table 1| Characteristics of study population available for follow-up at 6 months
Norway | y pop p

Seronegative exposed All patients with Hospitalized Home-isolated
B e rge N controls COVID-19 COoVID-19 COVID-19

EFJ E%ﬂz % (n) % (n) % (n) % (n)

A/R "ﬂ% | N=60 N=312 N=65 N=247
Female sex 63% (38) 51% (160) 46% (30) 53% (130)
Age, median (IQR) 29 (14-48) 46 (30-58) 55 (45-68) 43 (27-55)
Age categories
0-15 years 28% (17) 5% (16) 0% (0) 6% (16)
16-30 years 23% (14) 21% (65) 6% (4) 25% (61)
31-45 years 22% (13) 22% (69) 17% (11) 23% (58)
46-60 years 25% (15) 29% (S0) 35% (23) 27% (67)
>60 years 2% (1) 23% (72) 42% (27) 18% (45)
BMI, median (IOR) 23.3(20.9-25.6) 24.6 (22.8-27.3) 27.0(241-29.9) 24.3 (22.5-26.5)
Any comorbidity? 15% (9) 44% (137) 69% (45) 37% (92)
Asthma, COPD*® 2% (1) 12% (38) 22% (14) 10% (24)
Hypertension 0% (0) 1% (35) 25% (16) 8% (19)
Chronic heart disease 0% (0) 7% (22) 18% (12) 4% (10)
Rheumatic disease 2% (1) 6% (20) 12% (8) 5% (12)
Diabetes mellitus 3% (2) 4% (13) 9% (6) 3% (7)
Immunosuppression 0% (0) 4% (11) 8% (5) 2% (6)
Current or prior smoker® 19% (11/57) 31% (96/310) 39% (25/64) 29% (71/246)
Severity of disease®
Asymptomatic (1) 53% (30/57)¢ 2% (5/312) - 2% (5/247)
Home-isolated with symptoms (2) 47% (27/57)° 78% (242/312) - 98% (242/247)
Hospitalized without medical needs (3) - - -
Hospitalized with medical needs (4) 10% (31/312) 48% (31/65) -
Hospitalized needing O, (5) 8% (24/312) 37% (24/65) -
Hospitalized needing NIV (6) 1% (4/312) 6% (4/65) -
Hospitalized needing respirator (7) 2% (6/312) 9% (6/65) -
Dead (8) - - 92
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Table 2 | Long-term complications by age group in 247 home-isolated patients with COVID-19 at 6-month follow-up

Characteristic All 0-15 years 16-30 years 31-45 years 46-60 years Over 60 years
% (n/N) % (n) % (n) % (n) % (n) % (n)
N=247 N=16 N=61 N=58 N=67 N=45
Age, median (IQR) 43 (27-55) 8 (6-12) 24(22-27) 37 (34-41) 53 (49-55) 67 (63-73)
Female gender 53% (131/247) 56% (9) 54% (33) 52% (30) 52% (35) 53% (24)
Status at 6 months
fAny symptoms 55% (136/247) 13% (2)* 52% (32) 59% (34) 61% (41) 60% (27) |
Fever 2% (4/247) 0% (0) 0% (0) 5% (3) 1% (1) 0% (0)
Cough 6% (15/247) 0% (0) 0% (0) 9% (5) 4% (3) 16% (7)
Dyspnea 15% (38/247) 0% (0) 13% (8) 17% (10) 18% (12) 18% (8)
Palpitations 6% (15/247) 0% (0) 3% (2) 7% (4) 9% (6) 7% (3)
Stomach upset 6% (15/247) 6% (1) 5% (3) 7% (4) 6% (4) 7% (3)
Disturbed taste/smell 27% (67/247) 13% (2) 28% (17) [ 34%0) ]|  28% (19 20% (9)
Fatigue 30% (69/231) - 21% (13) 31% (18) 33% (22) 36% (16)
Concentration problems 19% (44,/231) - 13% (8) 19% (11) 21% (14) 24% (11)
Memory problems 18% (42/231) -2 1% (7) 16% (9) 22% (15) 24% (11)
Sleep problems 5% (13/247) 0% (0) 5% (3) 7% (4) 4% (3) 7% (3)
Headache 1% (28/247) 0% (0) 1% (7) 14% (8) 9% (6) 16% (7)
Dizziness 10% (24/247) 0% (0) 7% (4) 10% (6) 10% (7) 16% (7)
Tingling in fingers 4% (9/247) 0% (0) 0% (0) 2% (1) 4% (3) 1% (5)

— |
“Statistically significant difference at level P < 0.05 in univariable analysis using binomial logistic regression with age group 46-60 as reference group. *Children younger than 16 years were not assessed for

these symptoms; therefore, N= 231 for these categories.
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Table 4 | COVID-19 patient factors associated with increasing number of symptoms and higher fatigue score at 6-month follow-
up—negative binomial regression analysis

Number of symptoms (0-13)*

Fatigue score (0-33)"°

n (%) RR (CI) P aRR (CI) P¢ n (%)° RR(CI) P¢ aRR (CI) P

N=312 N=293
Female sex 160 (51%) 1.28 (0.95-1.73) 0.101 1.35(1.01-1.81) 0.040 149 (51%) 1.09(1.01-116) 0.018  1.09 (1.02-116) 0.014
Older age (by 118 (1.06-1.28) <0.001 1.08 (0.98-1.19) 0.092 1.03 (1.01-1.05) 0.002 1.00 (0.98-1.02) 0.924
10-year intervals)
BMI 1.04 (1.01-1.08) 0.016 1.00 (0.97-1.04) 0.876 1.01 (1.00-1.02) 0.048 1.00 (0.99-1.01) 0.715
Comorbidity
Asthma/COPD 38(12%) 2.00(1.33-3.07)0.001 157 (1.05-2.37) 0.031 37 (13%) 1.22 (111-1.34) <0.001 1.4 (1.03-1.25) 0.008
Hypertension 35(M%) 1.44(0.93-2.30) 0114 34 (12%) 113 (1.02-1.26) 0.017  1.01(0.90-113) 0.802
Chronic heart 22 (7%) 1.70 (1.01-3.02) 0.057 1.23(0.71-218) 0.460 21(7%) 1.20 (1.06-1.35) 0.005 1.08 (0.94-1.23) 0.295
disease
Rheumatic disease 20 (6%) 1.35 (0.77-2.50) 0.321 20 (7%) 115 (1.01-1.30) 0.038 1.05 (0.92-118) 0.460
Diabetes 13 (4%) 1.33 (0.67-2.87) 0.438 13 (4%) 114 (0.97-1.34) 0.098 1.06 (0.91-1.23) 0.445
Immunosuppression 11 (4%) 118 (0.56-2.76) 0.679 10 (3%) 112 (0.93-1.34) 0.232
Current or prior 96 (31%) 118 (0.86-1.63) 0.305 95 (32%) 1.05(0.97-112) 0.230

smoker

ISeverity of initial

1.28 (114-1.44) <0.001

117 (1.00-1.37) 0.062

1.08 (1.05-1.10) <0.001

1.06 (1.02-110) 0.004 I

Daxs in hoseital

1.02 (1.00-1.05) 1.016
—

0.99 (0.97-1.02) 0.525

Spike IgG titer at 2
months®
Microneutralizing

antibody titer at 2
months®

1.51(1.26-1.81) <0.001

1.52 (1.25-1.86) <0.001

1.01 (1.00-1.01) 0.002
—

1.00 (0.99-1.00) 0.464

1.25 (1.01-1.56) 0.037

111 (1.07-116) <0.001

113 (1.08-119) <0.001

1.07 (1.02-112) 0.009

Analysis of associated factors was done by negative binomial regression. aRR, adjusted rate ratio; RR, rate ratio. Statistical significance at the level of P<0.05 is shown in bold text. *Patients were assessed
for 13 symptoms mentioned in Table 2. ®Chalder fatigue score is validated only for patients aged >16 years (n=293); possible fatigue scores range from O (no fatigue) to 33 (worst possible fatigue).
“Neurological illness (n=8) and malignancy (n=5) were not significantly associated with the outcomes and were not included in the table. “Factors with statistical significance of <0.1 were included in the

multivariable analysis. *SARS-CoV-2 spike protein antibody titers, log,, transformed. ‘Microneutralizing antibody titers were omitted owing to collinearity with spike |
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Figure. COVID-19-Related Symptoms
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FIGURE. Self-reported symptoms at the time of positive SARS-CoV-2 reverse transcription—polymerase chain reaction (RT-PCR) testing
results and unresolved symptoms 14—21 days later among outpatients (N = 274)* — 14 academic health care systems, * United States,
March—June 2020
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Demographic and Clinical Characteristics of the Participants (n = 63)

Characteristics Value
Age, mean (SD), years 48.1 (18.5)
Female sex, no. (%) 21 (33.3)
Body mass index, mean (SD)? 23.7 (4.0)
Ethnicity, no. (%)
Japanese 56 (88.9)
Chinese 3 (4.8)
Bangladeshi 1 (1.6)
Vietnamese 1(1.6)
American 1(1.6)
French 1(1.6)
Smoking history, no. (%) (12 missing)
Yes 23 (45.1)
No 28 (54.9)
Alcohol use, no. (%) (14 missing)
Yes 31 (63.3)
No 18 (36.7) 102

*SD, standard deviation.



Demographic and Clinical Characteristics of the Participants (n = 63)

Characteristics Value

No. of medical conditions, no. (%)

0 37 (58.7)
1 11 (17.5)
2 7 (11.1)
>3 8(12.7)
Individual medical conditions, no. (%)

Hypertension 16 (25.4)
Dyslipidemia 16 (25.4)
Diabetes 9 (14.3)
Connective tissue disease 3 (4.8)
Cerebrovascular disease 2 (3.2)
Bronchial asthma 1 (1.6)
Congestive heart failure 1 (1.6)
Solid tumor 1 (1.6)
Peripheral artery disease 1(1.6)
HIV/AIDS 1(1.6) 103



Demographic and Clinical Characteristics of the Participants (n = 63)

Characteristics

Acute COVID-19 characteristics, no. (%)
Pneumonia diagnosed
Oxygen supplementation
Oxygen therapy
Mechanical ventilation
ECMO
Pharmacological treatments
Antiretroviral
Corticosteroids
Anticoagulant
Length of hospital stay, mean (SD), days
Point-by-telephone interview
Days since symptom onset, mean (SD)
Days since discharge: mean (SD)

> KFEDEIEETH - 7-.

Value
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Proportion of patients who presented symptoms after admission (n = 63)
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Proportion of patients who presented alopecia after admission (n = 58)
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Acute COVID-18
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Fig. 1| Timeline of post-acute COVID-19. Acute COVID-19 usually lasts until 4 weeks from the onset of symptoms, beyond which replication-competent
SARS-CoV-2 has not been isolated. Post-acute COVID-19 is defined as persistent symptoms and/or delayed or long-term complications beyond 4 weeks
from the onset of symptoms. The common symptoms observed in post-acute COVID-19 are summarized.
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3. BEREDIFRE (Long COVID)
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(post-viral fatigue syndrome)
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(post intensive care syndrome : PICS)
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=45 Figure 1. Symptoms at 8-month follow up with change following vaccination (or matched
J timepoint in unvaccinated group)
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Figure 3. Kaplan-Meier Curves for the Primary End Point by Treatment Group
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