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1. 20204E8 H 20 HEWH

HdEkIE: WHO

RATIFE]: 2020 4 8 H 20 HALGTIE N 4 &1

BE¥E: https://covid19.who.int/

FRHE WHO $2 L)%, 2020 4F 8 H 20 HA3K SR 1THfi2 1 B IR 280 A\ 22256220 1, 4
Higrt iz 263601 1, ZitHAET: 782456 4, 4 H B4 AT 6554,

HE R THZ 90013 4], RUFSET 4713 41, 5 EOBERH2 33 4], HrHasET: 1 4.

Cumulative confirmed COVID-19 cases

The number of confirmed cases is lower than the number of actual cases; the main reason for that is limited testing
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Shown is the rolling 7-day average. The number of confirmed cases is lower than the number of actual cases; the

main reason for that is limited testing

10,000 ‘ —

cil -, Argentina
_ Bangladesh
7 Bolivia 5

1,000 . Germany

Our World
in Data

Positive rate
W <0.1% of tests
W01%-1%
W 1%-2%
W 2% - 3%
3% - 5%
W 5% - 10%
m 10% - 20%

W more than 20%

United Arab Ermirates }
o > M no testing data

100 S Denmark Jan Aug
B s China 21, 20,
Norway: 2020 2020
10
- Latvia*® Estonia
1 3
\ | [ N
Y }
L |
0 50 100 150 200

Days since confirmed cases first reached 30 per day
Source: European CDC — Situation Update Worldwide — Last updated 20 August, 09:04 (London time), Official data collated by Our World in

Data
ccey

B A EREH s EE i 2 (https://ourworldindata.org/covid-

Hdmaik 8

cases?country=~OWID WRL#what-is-the-daily-number-of-confirmed-cases, ##E#k1 8

H 20 HD


https://covid19.who.int/
https://ourworldindata.org/covid-cases?country=~OWID_WRL#what-is-the-daily-number-of-confirmed-cases
https://ourworldindata.org/covid-cases?country=~OWID_WRL#what-is-the-daily-number-of-confirmed-cases
https://ourworldindata.org/covid-cases?country=~OWID_WRL#what-is-the-daily-number-of-confirmed-cases
https://ourworldindata.org/covid-cases?country=~OWID_WRL#what-is-the-daily-number-of-confirmed-cases

1t
i
&
S
St
i
i
g
5
S

L ERBAK

) smmismpi=200
)1 e B smmemmico00
I smmempi<ioo
I s=memn<so
I Fzmemncao

I mswe

ﬁﬁﬁ@]ﬁﬂ‘ @ FIZE -@- FEHT -@- Biti2 -@ Eévssm @~ Rt ® &rEm
2 [ i A el DO B3 i 28 B G iz A (8 H 20 B, R
http://2019ncov.chinacdc.cn/2019-nCoV/)

2. RUEATHREBREE: EHEmHILSHY N EKF G SARS-CoV-2 XK
Rapid Pandemic danger to the deep: the risk of marine mammals contracting SARS—
CoV-2 from wastewater
BEFZ: https://www.biorxiv.org/content/10.1101/2020.08.13.249904v1

R EINE R DI T COVID-19 RIAAT N IR /K AL BEAIAE BE A AR H o AbATT T
DY ML LB PP ) 5 SRk V2 PR R i | I WS DL OK AR IR 25 5 J 4% SARS—
CoV-2 i i -

3. it HIBR IR REER SARS-CoV-2 B, FRIPTA S AT SARS-CoV-2
BRYLBEIHIR R

Neutralizing antibodies correlate with protection from SARS—-CoV-2 in humans

during a fishery vessel outbreak with high attack rate

KR : medRxiv

KA A : 2020-08-14

BEFz: https://www.medrxiv.org/content/10.1101/2020.08.13.20173161v1

H—1FE#&: Amin Addetia

BIWE#: Alexander L. Greninger

AR B

Department of Laboratory Medicine and Pathology, University of Washington

School of Medicine, Seattle, WA

DOI =Y PUBMED ID:

PR ORI
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M NARTI SARS-CoV—2 JERYLRE J7 1) o8 FAH R R R, B KRR b4 %) SARS-CoV—2 %
WK 28T, &5 Rk, (AESIIRERI AT T AR M AT, T AR e
LR RE AR . AT, PEEREAL T — A BRI R SARS-CoV-2
YL, R AE R AT B 122 25 B i 120 NHEAT T I 24 AN 5 RT-PCR A&, IF
FEMG GOR B 5 34T 7 ERAI, RAZBETII ] 32,5 K (a2 18.8 2 50. 5 K)o {ERET)
i), 3 104 AAFAEMIE AL, B09EE RT-PCR Al ABAYE, JH Ct<35. M A BRI
N 85.2% (104/122 N X} 39 AR ERFE KBTI eI RN AH I 7R W, BRI LT
BT AR B . J A = M G7E R A (0 A A 0 b 2 iy BH 1, 9 B J5 S A il
o, AR AIPER] spike SN TEPUIAR . X80 BA FR AR B R R A — N Eos
T P75 SR e 8 G B 98 5 0 R I A) HE DA DR o DRIk, A 2 H B J 7 AR 1) R A
551k B B A B E A CME (Fisher FREL, p = 0.002)

Abstract:

The development of vaccines against SARS-CoV-2 would be greatly facilitated by
the identification of immunological correlates of protection in humans. However,
to date, studies on protective immunity have only been performed in animal models
and correlates of protection have not been established in humans. Here, we
describe an outbreak of SARS-CoV-2 on a fishing vessel associated with a high
attack rate. Predeparture serological and viral RT-PCR testing along with repeat
testing after return to shore was available for 120 of the 122 persons on board
over a median follow-up of 32.5 days (range 18.8 to 50.5 days). A total of 104
individuals had an RT-PCR positive viral test with Ct <35 or seroconverted during
the follow-up period, yielding an attack rate on board of 85.2% (104/122
individuals). Metagenomic sequencing of 39 viral genomes suggested the outbreak
originated largely from a single viral clade. Only three crewmembers tested
seropositive prior to the boat’s departure in initial serological screening and
also had neutralizing and spike-reactive antibodies in follow—up assays. None of
these crewmembers with neutralizing antibody titers showed evidence of bona fide
viral infection or experienced any symptoms during the viral outbreak. Therefore,
the presence of neutralizing antibodies from prior infection was significantly

associated with protection against re—infection (Fisher’s exact test, p=0.002).

4. VRAbE A AT 2 BB & BB COVID-19 AH R A BRAAAE

Assessment of physiological signs associated with COVID-19 measured using
wearable devices

FEFz: https://www.medrxiv.org/content/10.1101/2020.08.14.20175265v1.full.pdf
fE# HA7: Fitbit Inc.

A2 SR Y RS B SRR B AT T TSR AR SS B B ek SR B e v Hds o X Al
1R BCORTPT COVID-19 RImATIEE T H . FRATHEIE T PIFRITAS COVID-19 [1)777%-
A TREIR A T VA — R T AR BRAE IR AR o SRR A B B AR AR, AT T LA
0.77 +/= 0. 05 fJ AUC SKFRIMAERE i K o FeTAZBRAEIE, FATIRAF 1 0. 77 +/- 0. 03 ] AUC,
ATHTIMEA L E 4 R LR HIREm . X Eeiabn n] LA Bl 5312 W e e o
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5. CovidNudge, —#hHrZlFdEsLE = BIE () SARS-CoV-2 HIiZ Wit tE

CovidNudge :diagnostic accuracy of a novel lab—free point—-of—care diagnostic
for SARS-CoV-2

ey : medRiv

RAGHA]: 2020-08-15

R hitps://www.medrxiv.org/content/10.1101/2020.08.13.20174193v1

H—/E#: Malick M Gibani, Christofer Toumazou

BIWE# : Graham S Cooke

TS AT AR B3 T 2B AL G2 &R

DOI: 10.1101/2020.08. 13.20174193

Gk wkia

S

BE: PUdIZWHR IR SARS-CoV-2 [ . 105G ST Gl B S . (RT-PCR) ARSIl & 75 2
— AN S B R N A A . AEE R T — A A, PUd Y RT-PCR A, R
DnaNudge®¥-& CovidNudge Haillf¥)FF RS MIAERAVETEAL, 24 AN 75 B S50 = Ab P ali ks
EERPOELIR

Frid: W R BEEAE NS RT-PCR R AT AR A, A6 7 4> SARS-
CoV-2 #EFL K] (rdrpl, rdrp2, e—gene, n-gene, nl, n2 ,n3) KRS HF NZEZERE P
(RNaseP) FIFHMEXT IR 2020 4 4 A2 5 H, HFFEARTERERIEHEFRIET A CovidNudge
BT G AIBRHESLE 2= RT-PCR PATHEM . M = ZHUEEFEA . B RIS I %EL COVID-19 (1)
TARETAEE (4 1, n=280/386;73%); %EL COVID-19 22 B (41 2, n=15/386;4%) FIA
W i MREE COVID-19 M{ERLE A (41 3, n=91/386;23%) »

g5 1E 386 XFEAH, CovidNudge &Ml tHBAT: 67 %1, AriESLIGE RT-PCR Ml H BH
PE 716, K F R A PRI T 5 (ZH 1 93%[84-98%], #H 2 100%[48-100%], #H 3 100%[29-
100%], “FHIRBEHR 94. 4%(95% BEAFIXIAN 86-98%), SARK:FME N 100% (95%CI 99—
100%); #H 1 100% [98-100%];4H 2 100%[69-100%] F1ZH 3 100%[96-100%]) . ™ B4 EEA%A
7t (nl, n2, n3) ¥R SARS-CoV2 (RGN AU, %7727 DAFE ST ksl Y 1x104
A5 BEIURL o

5. CovidNudge “F- 154 SARS CoV-2 MUfFESRAE T —Fp R FeptEAPOE R, T/
SIS B AR BRERE S TAL R o X P A% 1R St T DARH Tl PR EEAD I AT H PR e

Abstract:

Background Access to rapid diagnosis is key to the control and management of
SARS-CoV-2. Reverse Transcriptase— Polymerase Chain Reaction (RT-PCR) testing
usually requires a centralised laboratory and significant infrastructure. We
describe the development and diagnostic accuracy assessment of a novel, rapid
point of—care RT-PCR test, the DnaNudge® platform CovidNudge test, which requires
no laboratory handling or sample pre—processing

Methods Nasopharyngeal swabs are inserted directly into a cartridge which
contains all reagents and components required for RT-PCR reactions, including
multiple technical replicates of seven SARS—CoV-2 gene targets (rdrpl, rdrp2, e—

gene, n-—gene, nl, n2 and n3) and human ribonuclease P (RNaseP) as positive
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control. Between April and May 2020, swab samples were tested in parallel using
the CovidNudge direct—-to—cartridge platform and standard laboratory RT-PCR using
swabs in viral transport medium. Samples were collected from three groups: self-
referred healthcare workers with suspected COVID-19 (Group 1, n=280/386; 73%) ;
patients attending the emergency department with suspected COVID-19 (Group 2,
n=15/386: 4%) and hospital inpatient admissions with or without suspected COVID-
19 (Group 3, n=91/386; 23%).

Results Of 386 paired samples tested across all groups, 67 tested positive on
the CovidNudge platform and 71 with standard laboratory RT-PCR. The sensitivity
of the test varied by group (Group 1 93% [84-98%], Group 2 100% [48-100%] and
Group 3 100% [29-100%], giving an average sensitivity of 94.4% (95% confidence
interval 86-98%) and an overall specificity of 100% (95%CI 99-100%; Group 1 100%
[98-100%] ; Group 2 100% [69-100%] and Group 3 100% [96-100%]). Amplification of
the viral nucleocapsid (nl, n2, n3) targets were most sensitive for detection of
SARS—-CoV2, with the assay able to detect 1x104 viral particles in a single swab.
Conclusions The CovidNudge platform offers a sensitive, specific and rapid point
of care test for the presence of SARS CoV-2 without laboratory handling or sample
pre—processing. The implementation of such a device could be used to enable rapid

decisions for clinical care and testing programs.

6. PERIBKRFEEANMF V-seq
Rapid cost—effective viral genome sequencing by V-seq
FUE: bioRxiv
KA A : 2020-08-15
BEFZ: https://www.biorxiv.org/content/10.1101/2020.08.15.252510v1
#—1E#4: Longhua Guo
WIN/EE . Joshua S. Bloom, Leonid Kruglyak, Yi Yin
T AR B .
Department of Human Genetics, David Geffen School of Medicine, UCLA
DOI 8% PUBMED ID:
T ORI
SR

A 238 1) B 0k DR AL 0 P 7 9 32 SBEASE R e 5% 775 (metatranscriptomic), BYF i8I
BERF SR PCR BIE T2 S Fl SR 48 70 ok SR s A R 4L . REEUA 5 B ST,
KRR SB[, JFAARPER. EXE, RAIHHR V-seq, —FERMT. PUE.
A RERIJT, #E cDNA &M BUlid 2 5 R B R AT RN F. A1t 1 7E
i SARS—CoV—2 HE PR ZH ()85 APl i) S s (RT) 5140, £E 3 7 i — /S BRAK (hexamers)
T4, W DU/ MGERS KR A rRNA R FHIHAIANZE RNA Pol IT AR BB 91 7. 3RAT]
RIEZ K RT SIVIEAAH B, TR P FEER] DR S 2 A A B 75 2 N 41 7
FF, FRATLL SARS-CoV-2 NHIFRAL T A V-seq Mi&1E . FRATHUN V-seq AJ LAR T 52
FEPIHBEAC B ER RNA TR EE IR R, LA—M @B a2 J7 . B2 i, V-seq 2 H RT
J7 90 AT DAET IS ) RNA 0 A A S

Abstract:


https://www.biorxiv.org/content/10.1101/2020.08.15.252510v1
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Conventional methods for viral genome sequencing largely use metatranscriptomic
approaches or, alternatively, enrich for viral genomes by amplicon sequencing
with virus—specific PCR or hybridization—-based capture. These existing methods
are costly, require extensive sample handling time, and have limited throughput

Here, we describe V-seq, an inexpensive, fast, and scalable method that performs
targeted viral genome sequencing by multiplexing virus—specific primers at the
cDNA synthesis step. We designed densely tiled reverse transcription (RT) primers
across the SARS—CoV—2 genome, with a subset of hexamers at the 3° end to minimize
mis—priming from the abundant human rRNA repeats and human RNA Polll
transcriptome. We found that overlapping RT primers do not interfere, but rather
act in concert to improve viral genome coverage in samples with low viral load

We provide a path to optimize V-seq with SARS-CoV-2 as an example. We anticipate
that V-seq can be applied to investigate genome evolution and track outbreaks of
RNA viruses in a cost—effective manner. More broadly, the multiplexed RT approach

by V-seq can be generalized to other applications of targeted RNA sequencing.

7. SARS-CoV-2 F¢5Yhi) CD8+ T HMIAIASMEN: PEFHES, TERKARLEMTIBEILIZA)
TER

Ex vivo detection of SARS—CoV-2-specific CD8+ T cells: rapid induction,

prolonged contraction, and formation of functional memory

FUE: bioRxiv

KA A 2020-08-14

BEFZ: https://www.biorxiv.org/content/10.1101/2020.08.13.249433v1

#—1E#& . Isabel Schulien, Janine Kemming, Valerie Oberhardt, Katharina Wild,

Lea M. Seidel, Saskia Killmer

HIN/EE : Robert Thimme, Maike Hofmann, Christoph Neumann-Haefelin

T AR B .

Department of Medicine Il (Gastroenterology, Hepatology, Endocrinology and

Infectious Diseases), Freiburg University Medical Center, Faculty of Medicine,
University of Freiburg, Freiburg, Germany

DOT ¥ PUBMED 1ID:

Gk A

A

FERRFE (K] SARS-CoV-2 Bertr, CAELE AT 75 S 1 SARS-CoV-2 51tk CD8+ T 4w
ST AR S R (R B B e R 3R VR IS RATRR 0 A48 R . B 5%, SARS-CoV-2 %
SFPE CDS+ T YTt ) i 28 S 1k R A B 1] P & AN SARS—CoV—2 B rh ik &2 ok 2 A ok,
MHC T VUSRS HT it B, RAZHE H IR 5E K I CAFAERE 5 F [ SARS-CoV-2 R 1id
17, CD8+ T 40 A B, [FI B SE CD8+ T 4 bL, B ARMIRINFIE . 55 =, SARS-CoV-
2 HESME CD8+ T 4H i B HL BT % SARS-CoV-2-spike &% [ LA PR M ME BE A 58 . 76 &bk
EARVA BB G  m  HT E s R R . %M B SARS-CoV-2 451 CDS+ T 4HfEE
— S NREYE ST, S RIS ARSI, JEAERRB R S AR e RN . X R, AE
R G, ETXF CD8+ T 240 A 7 (1RSI P 56 b A0 A4S I BE B 14 At S S 7096 253 G 28 IR A G
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SRS, A HEE )y SARS-CoV-2 Rtk 12 CD8+ T 4HI AL R 3k, St /g2
PERRBRAL 7R IR, AT AT BEDN & BT R AT X SARS-CoV-2 PRI PERE BT R A5

Abstract:

CD8+ T cells are critical for the elimination and long—lasting protection of
many viral infections, but their role in the current SARS-CoV-2 pandemic is
unclear. Emerging data indicates that SARS-CoV-2-specific CD8+ T cells are
detectable in the majority of individuals recovering from SARS—CoV-2 infection.
However, optimal virus—specific epitopes, the role of pre—existing heterologous
immunity as well as their kinetics and differentiation program during disease
control have not been defined in detail. Here, we show that both pre—existing
and newly induced SARS-CoV-2-specific CD8+ T-cell responses are potentially
important determinants of immune protection in mild SARS-CoV-2 infection. In
particular, our results can be summarized as follows: First, immunodominant SARS—
CoV—2-specific CD8+ T-cell epitopes are targeted in the majority of individuals
with convalescent SARS-CoV-2 infection. Second, MHC class I tetramer analyses
revealed the emergence of phenotypically diverse and functionally competent pre—
existing and newly induced SARS—CoV-2-specific memory CD8+ T cells that showed
similar characteristics compared to influenza—specific CD8+ T cells. Third, SARS-—
CoV-2-specific CD8+ T-cell responses are more robustly detectable than antibodies
against the SARS-CoV-2-spike protein. This was confirmed in a longitudinal
analysis of acute-resolving infection that demonstrated rapid induction of the
SARS—CoV—-2-specific CD8+ T cells within a week followed by a prolonged
contraction phase that outlasted the waning humoral immune response indicating
that CD8+ T-cell responses might serve as a more precise correlate of antiviral
immunity than antibody measurements after convalescence. Collectively, these
data provide new insights into the fine specificity, heterogeneity, and dynamics
of SARS-CoV-2-specific memory CD8+ T cells, potentially informing the rational
development of a protective vaccine against SARS-CoV-2.

8. BN HFIEMR IR KBRS SARS-CoV-2 HWFIRIE R H

A single—dose intranasal ChAd vaccine protects upper and lower respiratory
tracts against SARS—-CoV-2

Pz https://www.cell.com/cell/fulltext/S0092-8674(20)31068-0

faldk 7 H 24 H 14 FNA @Az CE R TENA.

9. RFBFTEM AR SARS-CoV-2 MM MZE X R R/ T 40 IR Ar

Selective and cross—reactive SARS—-CoV-2 T cell epitopes in unexposed humans
KJE: Science

KA E]: 2020-08-04

iz https://science.sciencemag.org/content/early/2020/08/04/science.abd3871
H—1E#: Jose Mateus

HIWE#: Alessandro Sette, Daniela Weiskopf
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T A A
Center for Infectious Disease and Vaccine Research, La Jolla Institute for
Immunology, La Jolla, CA 92037, USA.
Department of Medicine, Division of Infectious Diseases and Global Public
Health, University of California, San Diego, La Jolla, CA 92037, USA.
DOI: 10.1126/science. abd3871
L. H
IR

NZEXT SARS-CoV—2 J &5 ) 5 S SLAFAEVE 2 RANA ZK o SARS-CoV-2 JX W1 CD4 T 2
TERZFE W MA T Ok RkiE, RE 20-50%0 N FSeAFEARS O M T A2, SR, X
S T G PSRRI R ¥ o FIFH 2019 4F SARS-CoV—2 5 8 R I AT I AN R MIEFE A, FRATI7E
SARS-CoV-2 JE[RIZH b2 T 142 A T 4 AL, BAJS{EXT SARS-CoV-2 55tk CDAT 21 g
FREBRH R . AR T — RIITSAFAERICIZ CD4 T 40, B4 SARS-CoV-2 FIH I
JEE PR B HCOV-0C43, HCOV-229E. HCOV-NL63 % HCOV-HKU1 A AR HISEA ). (A,
gl EE IR E 12 R R B T A2 T RE /2 AE COVID—19 Feii Hh O 5% 31 i) — L8357
Jo A R L AL

Abstract:

Many unknowns exist about human immune responses to the SARS—CoV-2 virus. SARS-—
CoV-2 reactive CD4+ T cells have been reported in unexposed individuals,
suggesting pre—existing cross—reactive T cell memory in 20-50% of people. However,
the source of those T cells has been speculative. Using human blood samples
derived before the SARS-CoV-2 virus was discovered in 2019, we mapped 142 T cell
epitopes across the SARS—-CoV-2 genome to facilitate precise interrogation of the
SARS—-CoV—-2-specific CD4+ T cell repertoire. We demonstrate a range of pre-—
existing memory CD4+ T cells that are cross-reactive with comparable affinity to
SARS—CoV-2 and the common cold coronaviruses HCoV-0C43, HCoV-229E, HCoV-NL63, or
HCoV-HKU1. Thus, variegated T cell memory to coronaviruses that cause the common
cold may underlie at least some of the extensive heterogeneity observed in COVID-
19 disease.

10. SARS—CoV-2 Jp BRAE AN ER MM iR i) R ezl /7 2

SARS-CoV-2 infection dynamics in lungs of African green monkeys

FUE: bioRxiv

KA A 2020-08-20

BE4Z: https://www.biorxiv.org/content/10.1101/2020.08.20.258087v1
H—1E#: Emily Speranza

BIREH: Emmie de Wit

T AR B

Laboratory of Virology, National Institute of Allergy and Infectious Diseases
National Institutes of Health, Hamilton, MT, United States of America
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Figure 3. Single cell sequencing and viral dynamics in lung tissue. A. UMAP projection of 3 single-
cell RNA sequencing data from whole lung sections from all 10 animals combined. Each point is an
individual cell; colors are based on cell type annotation. Cell names are shown next to their largest cluster.
B. Validation of cell type identities using marker gene sets. The darker the purple in each cell the higher
its expression of the marker set. Grey means the cell did not express any genes in the marker set. C. Viral
load information from the lungs via qRT-PCR for gRNA, grouped for all lobes across all animals. D.
Percentage of cells identified by single cell RNA-sequencing that are positive for any reads aligning to
the viral genome by days post inoculation. E. Percentage of cells from the 3 dpi samples positive for any

reads aligning to the viral genome grouped by cell type. F. The number of cells grouped by cell type
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(colored to match the UMAP in A) with reads aligning to various other locations across the viral genome,
all normalized to the number of cells expressing N. Genes are ordered from the 3’ to 5’ end of the SARS-
CoV-2 genome. G. ISH for viral S RNA in lung tissues at 3 dpi (viral RNA stains red) at 100x

magnification and 400x magnification.

Abstract:

Detailed knowledge about the dynamics of SARS-CoV-2 infection is important for
unraveling the viral and host factors that contribute to COVID-19 pathogenesis

0ld-World nonhuman primates recapitulate mild-moderate COVID-19 cases, thereby
serving as important pathogenesis models. We compared African green monkeys
inoculated with SARS-CoV-2 or inactivated virus to study the dynamics of virus
replication throughout the respiratory tract. RNA sequencing of single cells
from the lungs and mediastinal lymph nodes allowed a high-resolution analysis of
virus replication and host responses over time. Viral replication was mainly
localized to the lower respiratory tract, with evidence of replication in the
pneumocytes. Macrophages were found to play a role in initiating a pro—
inflammatory state in the lungs, while also interacting with infected pneumocytes
Our dataset provides a detailed view of changes in host and virus replication
dynamics over the course of mild COVID-19 and serves as a valuable resource to

identify therapeutic targets
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Abstract:

The molecular pathology of multi-organ injuries in COVID-19 patients remains
unclear, preventing effective therapeutics development. Here, we report an in-—
depth multi-organ proteomic landscape of COVID-19 patient autopsy samples. By
integrative analysis of proteomes of seven organs, namely lung, spleen, liver,
heart, kidney, thyroid and testis, we characterized 11, 394 proteins, in which
5336 were perturbed in COVID-19 patients compared to controls. Our data showed
that CTSL, rather than ACE2, was significantly upregulated in the lung from
COVID-19 patients. Dysregulation of protein translation, glucose metabolism,
fatty acid metabolism was detected in multiple organs. Our data suggested upon
SARS—-CoV-2 infection, hyperinflammation might be triggered which in turn induces
damage of gas exchange barrier in the lung, leading to hypoxia, angiogenesis,
coagulation and fibrosis in the lung, kidney, spleen, liver, heart and thyroid

Evidence for testicular injuries included reduced Leydig cells, suppressed
cholesterol biosynthesis and sperm mobility. In summary, this study depicts the
multi-organ proteomic landscape of COVID-19 autopsies, and uncovered dysregulated

proteins and biological processes, offering novel therapeutic clues
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Clinical and immunological factors that distinguish COVID-19 from pandemic
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Abstract:

The severe acute respiratory syndrome coronavirus 2 (SARS—-CoV-2), the causative
agent of coronavirus disease 2019 (COVID-19), is a global health threat with the
potential to cause severe disease manifestations in the lungs. Although clinical
descriptions of COVID-19 are currently available, the factors distinguishing
SARS-CoV-2 from other respiratory viruses are unknown. Here, we compared the
clinical, histopathological, and immunological characteristics of patients with
COVID-19 and pandemic influenza A(HIN1). We observed a higher frequency of
respiratory symptoms, increased tissue injury markers, a histological pattern of
alveolar pneumonia, and higher levels of IL-1RA, TNF-a, CCL3, G-CSF, APRIL,
sTNF-R1, sTNF-R2, sCD30, and sCD163 in influenza patients. Conversely, dry cough,
gastrointestinal symptoms, interstitial lung pathology, increased Thl (IL-12,
IFN-v) and Th2 (IL-4, IL-5, IL-10, IL-13) cytokine levels, along with IL-18,
IL-6, CCL11, VEGF, TWEAK, TSLP, MMP-1, and MMP-3, were observed in COVID-19 cases

We demonstrated the diagnostic potential of some clinical and immune factors to
differentiate COVID-19 from pandemic influenza A(HIN1). Our data suggest that
SARS-CoV-2 induces a dysbalanced polyfunctional inflammatory response that is
different from the immune response against influenza. These findings might be
relevant for the upcoming 2020-2021 influenza season, which is projected to be
historically unique due to its convergence with COVID-19
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Abstract:

There is an urgent need for a safe and protective vaccine to control the global
spread of SARS-CoV-2 and prevent COVID-19. Here, we report the immunogenicity
and protective efficacy of a SARS—-CoV-2 subunit vaccine (NVX—CoV2373) produced
from the full-length SARS-CoV-2 spike (S) glycoprotein stabilized in the
prefusion conformation. Cynomolgus macaques (Macaca fascicularis) immunized with
NVX-CoV2373 and the saponin—based Matrix—M adjuvant induced anti-S antibody that
was neutralizing and blocked binding to the human angiotensin—converting enzyme
2 (hACE2) receptor. Following intranasal and intratracheal challenge with SARS-
CoV—-2, immunized macaques were protected against upper and lower infection and
pulmonary disease. These results support ongoing phase 1/2 clinical studies of
the safety and immunogenicity of NVX-CoV2327 vaccine (NCT04368988).
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Abstract:

The COVID-19 pandemic is caused by severe acute respiratory syndrome coronavirus—
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2 (SARS—CoV-2) which enters the body principally through the nasal and larynx
mucosa and progress to the lungs through the respiratory tract. SARS-CoV-2
replicates efficiently in respiratory epithelial cells motivating the development
of alternative and rapidly scalable vaccine inducing mucosal protective and long-
lasting immunity. We have previously developed an immunologically optimized
multi—-neoepitopes—based peptide vaccine platform which has already demonstrated
tolerance and efficacy in hundreds of lung cancer patients. Here, we present a
multi—-target CD8 T cell peptide COVID-19 vaccine design targeting several
structural (S, M, N) and non-structural (NSPs) SARS-CoV-2 proteins with selected
epitopes in conserved regions of the SARS-CoV-2 genome. We observed that a single
subcutaneous injection of a serie of epitopes induces a robust immunogenicity
in—vivo as measured by IFNYy ELIspot. Upon tetramer characterization we found
that this serie of epitopes induces a strong proportion of virus—specific CD8 T
cells expressing CD103, CD44, CXCR3 and CD49a, the specific phenotype of tissue—
resident memory T lymphocytes (Trm). Finally, we observed broad cellular
responses, as characterized by IFNY production, upon restimulation with
structural and non—structural protein—derived epitopes using blood T cells
isolated from convalescent asymptomatic, moderate and severe COVID-19 patients

These data provide insights for further development of a second generation of
COVID-19 vaccine focused on inducing lasting Thl-biased memory CD8 T cell
sentinels protection using immunodominant epitopes naturally observed after SARS—

CoV-2 infection resolution.
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Abstract:

In March 2020, the World Health Organization (WHO) declared a pandemic of
coronavirus disease 2019 (COVID-19), due to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)1. With rapidly accumulating cases and deaths reported
globally2, a vaccine 1is urgently needed. We report the available safety,
tolerability, and immunogenicity data from an ongoing placebo—controlled,
observer—-blinded dose escalation study among 45 healthy adults, 18 to 55 years
of age, randomized to receive 2 doses, separated by 21 days, of 10 Hg, 30 Hg, or
100 g of BNT162bl, a lipid nanoparticle—formulated, nucleoside—modified mRNA
vaccine that encodes trimerized SARS-CoV-2 spike glycoprotein receptor—-binding
domain (RBD). Local reactions and systemic events were dose—dependent, generally
mild to moderate, and transient. A second vaccination with 100 Hg was not
administered due to increased reactogenicity and a lack of meaningfully increased
immunogenicity after a single dose compared to the 30 ug dose. RBD-binding IgG
concentrations and SARS-CoV-2 neutralizing titers in sera increased with dose
level and after a second dose. Geometric mean neutralizing titers reached 1.9-
to 4.6-fold that of a panel of COVID-19 convalescent human sera at least 14 days
after a positive SARS-CoV-2 PCR. These results support further evaluation of
this mRNA vaccine candidate. (ClinicalTrials. gov identifier: NCT04368728).
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Robust T cell immunity in convalescent individuals with asymptomatic or mild
COVID-19
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Abstract:

Background SARS-coronavirus 2 (SARS—-CoV-2) is currently causing a worldwide
pandemic. Potential drugs identified for the treatment of SARS-CoV-2 infection
include chloroquine (CQ), its derivative hydroxychloroquine (HCQ), and the
anesthetic propofol. Their mechanism of action in SARS-CoV-2 infection is poorly
understood. Recently, anesthetics, both general and local, were shown to disrupt

ordered lipid domains. These same lipid domains recruit the SARS—-CoV-2 surface
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receptor angiotensin converting enzyme 2 (ACE2) to an endocytic entry point and
their disruption by cholesterol depletion decreases ACE2 recruitment and viral
entry.

Methods Viral entry was determined using a SARS—CoV-2 pseudovirus (SARS2-PV) and
a luciferase reporter gene expressed by the virus after treatment of the cells
with 50 uM propofol, tetracaine, HCQ, and erythromycin. HCQ disruption of
monosialotetrahexosylgangliosidel (GM1) lipid rafts, phosphatidylinositol 4, 5-
bisphosphate (PIP2) domains, and ACE2 receptor at nanoscale distances was
monitored by direct stochastic reconstruction microscopy (dSTORM). Cells were
fixed, permeabilized, and then labeled with either fluorescent cholera toxin B
(CTxB) or antibody and then fixed again prior to imaging. Cluster analysis of
dSTORM images was used to determine size and number and cross pair correlation
was used to determine trafficking of endogenously expressed ACE2 in and out of
lipid domains.

Results Propofol, tetracaine, and HCQ inhibit SARS2-PV viral entry. HCQ directly
perturbs both GM1 lipid rafts and PIP2 domains. GM1 rafts increased in size and
number similar to anesthetic disruption of lipid rafts; PIP2 domains decreased
in size and number. HCQ blocked both GMI and PIP2 domains ability to attract
and cluster ACEZ2.

Conclusions We conclude HCQ is an anesthetic—like compound that disrupts GMI
lipid rafts similar to propofol and other local or general anesthetics.
Furthermore, we conclude disruption of GMl raft function, and not the
concentration of GMI raft molecules, governs the antiviral properties of HCQ.
HCQ disruption of the membrane appears to also disrupt the production of host
defense peptide, hence an antimicrobial such as erythromycin could be an
important combined treatment. Nonetheless erythromycin has anti—SARS-CoV-2

activity and may combine with HCQ to reduce infection.
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Abstract:

Background Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infections and the resulting disease, coronavirus disease 2019 (COVID-19), have
spread to millions of people globally. Multiple vaccine candidates are under
development, but no vaccine is currently available

Methods Healthy adults 18 -55 and 65-85 years of age were randomized in an
ongoing, placebo—controlled, observer-blinded dose—escalation study to receive
2 doses at 21-day intervals of placebo or either of 2 lipid nanoparticle -
formulated, nucleoside-modified RNA vaccine candidates: BNT162bl, which encodes
a secreted trimerized SARS-CoV-2 receptor—binding domain, or BNT162b2, which
encodes a prefusion stabilized membrane—anchored SARS—-CoV-2 full-length spike

In each of 13 groups of 15 participants, 12 received vaccine and 3 received
placebo. Groups were distinguished by vaccine candidate, age of participant, and
vaccine dose level. Interim safety and immunogenicity data of BNT162bl in younger
adults have been reported previously from US and German trials. We now present
additional safety and immunogenicity data from the US Phase 1 trial that supported
selection of the vaccine candidate advanced to a pivotal Phase 2/3 safety and
efficacy evaluation.

Results In both younger and older adults, the 2 vaccine candidates elicited
similar dosedependent SARS—CoV-2 - neutralizing geometric mean titers (GMTs),
comparable to or higher than the GMT of a panel of SARS-CoV-2 convalescent sera.
BNT162b2 was associated with less systemic reactogenicity, particularly in older
adults.

Conclusion These results support selection of the BNT162b2 vaccine candidate for

Phase 2/3 large-scale safety and efficacy evaluation, currently underway.
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Structures and distributions of SARS-CoV-2 spike proteins on intact virions
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BT T AR, TR EEBURLR TH I AL _H AT T S B A =AM s R g b, B T = Ai
MR RN o IXELEE R AR T A TR TR0 B S SR MR, 9 PR AR B Ik 4L B0 B #ph
O i SN S ST S 7 Nl ST Y AR (SR i e I T S

Y ARVEE

Electron Microscopy Data Bank (EMDB) :

EMD11493 (prefusion consensus structure).

EMD-11494 (3 closed RBDs from subtomogram averaging)
EMD-11495 (1 open RBD).

EMD-11496 (2 open RBDs).

EMD-11497 (3 closed RBDs from cryo—EM.

EMD-11498 (2 open and 1 weak RBDs).

RCSB PDB: 6ZWV (3 closed RBDs from cryo—EM).
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Fig. 2 | Structural analysis of SARS-CoV-2 S trimers on intact virions. (a) Structures of the prefusion
(left) and postfusion (right) trimer from intact virions determined by subtomogram averaging. Structures
are shown as transparent grey isosurfaces fitted with structures of the closed, prefusion trimer (PDB
6VXX) and the postfusion trimer (PDB 6XRA). One prefusion monomer is colored from blue (N
terminus) to red (C terminus). The N-terminal domain is blue, the RBD appears cyan. The NTD does not
fully occupy the EM density because some loops are not resolved or built in PDB 6VXX. (b) Three
conformations of the prefusion trimer observed on intact virions: all RBDs in the closed position (left,
fitted with PDB 6VXX); one RBD in the open position (centre, fitted with PDB 6VYB); two RBDs in
the open position (right, fitted with PDB 6X2B which lacks modelled glycans). The two-open
conformation has only been observed in vitro after inserting multiple stabilizing mutations. S monomers
with closed RBDs are green, and with open RBDs are blue. (¢) Averaging of subsets of trimers grouped
according to their orientation relative to the membrane shows flexibility in the stalk region. Examples

are shown for pools centred at 0°, 30° and 60° from the perpendicular, and for two rotations of the trimer
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relative to the tilt direction. (d) 3D models of two individual SARS-CoV-2 virions with a membrane
(blue) of the measured radius, and all spike proteins shown in the conformations, positions and
orientations determined by subtomogram averaging. Different S conformations are distributed over the

virion surface and can be tilted by up to ~90° relative to the membrane (Extended Data Fig. 1c,d).

Abstract:

Severe acute respiratory syndrome coronavirus 2 (SARS—CoV-2) virions are
surrounded by a lipid bilayer from which spike (S) protein trimers protrudel.
Heavily glycosylated S trimers bind the ACE2 receptor and mediate entry of
virions into target cells2-6. S exhibits extensive conformational flexibility:
it modulates exposure of its receptor binding site and later undergoes complete
structural rearrangement to drive fusion of viral and cellular membranes2, 7, 8.
The structures and conformations of soluble, overexpressed, purified S proteins
have been studied in detail wusing cryo—electron microscopy2,7,9-12. The
structure and distribution of S on the virion surface, however, has not been
characterized. Here we applied cryo—electron microscopy and tomography to image
intact SARS-CoV-2 virions, determining the high-resolution structure,
conformational flexibility and distribution of S trimers in situ on the virion
surface. These results reveal the conformations of S present on the virion, and
provide a basis from which to understand interactions between S and neutralizing

antibodies during infection or vaccination.
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The differential immune responses to COVID-19 in peripheral and lung revealed
by single-cell RNA sequencing
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JE ML BN RZ A A (PBMC) e 1R S U VR VBE Wil (BALFD FH 2 . AT 50 R AR TR
YA (DO ek b RN BE Y PEHD 20 B ) B A% 4H L (MDSC) I3 05 B4 COVID-19 3 MK
e () U B 4 B el RS A 06 . IX Y MDSC—1ike FRAZH AL T Ho 25 BRBDIR A5 o AH 2, COVID-
19 3% BALFs H i B - B MG i = A K i i R P AL IR 7, B E TR . S
FENTHRZL AL, HERF COVID-19 H3%4hE M T 4HH0A0 NK 400,  JCH 226 KM T 40 A& Fh
CD8+T 2 IV IR AT R W S Bk AHLLZ R, HEJE COVID-19 BE ARG 4k CDA+T 41 AL
B CELFE Thl. Th2 R Th17 FE4EMD) MILL@IE N, seRErEy 5k, BE s E M T 40Msfh =
S5 B AN AE TG NI %, 1T BALFs ") T 40 =4 58 i 7K P IFNG. TNF. CCL4 Al CCL5
%o FCXTIR TCR B ER /M Son M E I T AR 1) B s K s Sz, XA 7T A A
T EE COVID-19 [ G 2 4 M k% Jo A dnfe] 52 211 .

Abstract:

Understanding the mechanism that leads to immune dysfunction induced by SARS-—
CoV2 virus is crucial to develop treatment for severe COVID-19. Here, using
single cell RNA-seq, we characterized the peripheral blood mononuclear cells
(PBMC) from uninfected controls and COVID-19 patients, and cells in paired
broncho—alveolar lavage fluid (BALF). We found a close association of decreased
dendritic cells (DC) and increased monocytes resembling myeloid-derived
suppressor cells (MDSC) which correlated with lymphopenia and inflammation in
the blood of severe COVID-19 patients. Those MDSC-like monocytes were immune-—
paralyzed. In contrast, monocyte—macrophages in BALFs of COVID-19 patients
produced massive amounts of cytokines and chemokines, but secreted little
interferons. The frequencies of peripheral T cells and NK cells were
significantly decreased in severe COVID-19 patients, especially for innate—like
T and various CD8+ T cell subsets, compared to health controls. In contrast, the
proportions of various activated CD4+ T cell subsets, including Thl, Th2 and
Th17-1like cells were increased and more clonally expanded in severe COVID-19
patients. Patients’ peripheral T cells showed no sign of exhaustion or augmented
cell death, whereas T cells in BALFs produced higher levels of IFNG, TNF, CCL4
and CCL5 etc. Paired TCR tracking indicated abundant recruitment of peripheral
T cells to the patients’ lung. Together, this study comprehensively depicts how
the immune cell landscape is perturbed in severe COVID-19.
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Effects of a major deletion in the SARS-CoV-2 genome on the severity of

infection and the inflammatory response: an observational cohort study
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Abstract:

Background Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants
with a 382-nucleotide deletion (A382) in the open reading frame 8 (ORF8) region
of the genome have been detected in Singapore and other countries. We investigated
the effect of this deletion on the clinical features of infection.

Methods We retrospectively identified patients who had been screened for the A

382 variant and recruited to the PROTECT study—a prospective observational
cohort study conducted at seven public hospitals in Singapore. We collected
clinical, laboratory, and radiological data from patients’ electronic medical
records and serial blood and respiratory samples taken during hospitalisation

and after discharge. Individuals infected with the A382 variant were compared
with those infected with wild-type SARS-CoV-2. Exact logistic regression was
used to examine the association between the infection groups and the development
of hypoxia requiring supplemental oxygen (an indicator of severe COVID-19, the
primary endpoint). Follow-up for the study s primary endpoint is completed.

Findings Between Jan 22 and March 21, 2020, 278 patients with PCR-confirmed SARS-—
CoV-2 infection were screened for the A382 deletion and 131 were enrolled onto
the study, of whom 92 (70%) were infected with the wild—type virus, ten (8%) had
a mix of wild—type and A382-variant viruses, and 29 (22%) had only the A382

variant. Development of hypoxia requiring supplemental oxygen was less frequent
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in the A382 variant group (0 [0%] of 29 patients) than in the wild-type only
group (26 [28%] of 92; absolute difference 28% [95% CI 14 - 28]). After adjusting
for age and presence of comorbidities, infection with the A382 variant only was
associated with lower odds of developing hypoxia requiring supplemental oxygen
(adjusted odds ratio 0«07 [95% CI 0«00-0+48]) compared with infection with
wild—-type virus only.

Interpretation The A382 variant of SARS-CoV-2 seems to be associated with a
milder infection. The observed clinical effects of deletions in ORF8 could have
implications for the development of treatments and vaccines

Funding National Medical Research Council Singapore.
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Characterisation of the SARS-CoV-2 ExoN (nspl4ExoN-nspl0) complex: implications
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SARS—CoV-2 25 COVID-19 HI4-ERIAT . SARS-CoV-2 J& Tk H, HAT AEH KIKAZpE
HRER . A AR, mAHE A 14 110 (nspld4-nspl0) LRI RG2S
BT CoV BRI FHIMAR AT, JEL5HE M 14 A1 10 (NSP 14-NSP 10) /& Hifs 24l it — 4
EEREAR. EIXH, AT SARS-CoV-2 nspld—nspl0 H-EWR — A% IREE. TIRERT
LR nspld-nspl0 & —Fh 2 RENIALIREE, AEO8THIL S P S FEMRLBELIRES M, BLFE S L
BB 37 K. FATIAN nspld-nspl0 7E4EHRF 5 il Of 30 RE 5 T 4R I RE R 1 28 LA
XF, FEERR TR R SRR B — RANE R R M &b R R IR 8 75,
WIS E T — RVEeA 0] nspld-nspl0 MR ZRESr+, AFECHIR) Sars—Cov-
2 EHEEEFHIH] Ebselen NI HEM 28 A HEHNHIF) ral tegravir, #7x 1T REHIHIFHILE
YB9F COVID-19 {3 /7.

Abstract:

The SARS-CoV-2 coronavirus (CoV) causes COVID-19, a current global pandemic
SARS—CoV-2 belongs to an order of Nidovirales with very large RNA genomes. It is
proposed that the fidelity of CoV genome replication is aided by an RNA nuclease

complex, formed of non—structural proteins 14 and 10 (nspl4-nspl0), an attractive
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target for antiviral inhibition. Here, we confirm that the SARS-CoV-2 nspl4-
nspl0 complex is an RNase. Detailed functional characterisation reveals nspl4-
nspl0 is a highly versatile nuclease capable of digesting a wide variety of RNA
structures, including those with a blocked 3’ —terminus. We propose that the
role of nspl4-nspl0 in maintaining replication fidelity goes beyond classical
proofreading and purges the nascent replicating RNA strand of a range of
potentially replication terminating aberrations. Using the developed assays, we
identify a series of drug and drug-like molecules that potently inhibit nspl4-
nspl0, including the known Sars—Cov—2 major protease (Mpro) inhibitor ebselen
and the HIV integrase inhibitor raltegravir, revealing the potential for
bifunctional inhibitors in the treatment of COVID-19.
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Abstract:

Humoral responses in COVID-19 disease are often of limited durability, as seen
with other human coronavirus epidemics. To address the underlying etiology, we
examined postmortem thoracic lymph nodes and spleens in acute SARS-CoV-2
infection and observed the absence of germinal centers, a striking reduction in
Bcl-6+ germinal center B cells but preservation of AID+ B cells. Absence of
germinal centers correlated with an early specific block in Bcl-6+ TFH cell
differentiation together with an increase in T-bet+ TH1 cells and aberrant extra-—
follicular TNF-a accumulation. Parallel peripheral blood studies revealed loss

of transitional and follicular B cells in severe disease and accumulation of
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SARS-CoV—2-specific “disease-related” B cell populations. These data identify
defective Bcl-6+ TFH cell generation and dysregulated humoral immune induction
early in COVID-19 disease, providing a mechanistic explanation for the limited
durability of antibody responses in coronavirus infections and suggest that

achieving herd immunity through natural infection may be difficult
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Abstract:

Angiotensin—converting enzyme 2 (ACE2) is the entry receptor for SARS-CoV-2, and
recombinant ACE2 decoys are being evaluated as new antiviral therapies. We
designed and tested an ACE2-Fc¢ fusion protein, which has the benefits of a long
pharmacological half-life and the potential to facilitate immune clearance of
the virus. Out of the concern that the intrinsic catalytic activity of ACE2 may
unintentionally alter the balance of its hormonal substrates and cause adverse
cardiovascular effects in treatment, we performed a mutagenesis screening for
inactivating the enzyme. Three mutants, R273A, H378A and E402A, completely lost
their enzymatic activity for either surrogate or physiological substrates. All
of them remained capable of binding SARS-CoV-2 and could suppress the
transduction of a pseudotyped virus in cell culture. This study established new
ACE2-Fc candidates as antiviral treatment for SARS-CoV-2 without potentially
harmful side effects from ACE2’ s catalytic actions toward its vasoactive

substrates.
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G, RS NS IRAL, WHEFER 2 Cap-0, MIMAZRL Cap-1. Cap-1 )
FFAEAEI TS RNA BERE L0716 T2 O, FFBT b B AR . D9 7 WEJT SARS—CoV—-2 Nspl0/16 HY
2" -0 WIREEREE G 1R, A5 (50 FH ] 5 B R AT [R) A0 s 25 di A 5 (SSXD,  REMEAE A= PR
TIRELTA SR REEE . WEERD T X SHERFE, R R AV A A IR .
YEZAMENT 7 Nspl0/16 H)ERRSERY, R AR RAE A RN Z AT JG PR . KR E X
fEHIT IR 75 Nspl10/16 5 m7GpppAm2” -0 Cap-1 IR &4y, bk 2° O K4 1
H3EAL . VEEBA SO RN 458 5 297K AT 100K FUSEER Nspl10/16 [ B b s /AT 1 L
o ASTPEEE, eI EE RNA BN 7 TR, G848 SARS-CoV-2 X 15 1Y
e R NBURS, $RAE T EEPIEE R
ZER A : RCSB PDB: 6XKM, 7JHE, 7JPE, 7J1B

Abstract:

The genome of the SARS-CoV-2 coronavirus contains 29 proteins, of which 15 are
nonstructural. NsplO and Nspl6 form a complex responsible for the capping of
mRNA at the 5’ terminus. In the methylation reaction the S—adenosyl-L-
methionine serves as the donor of the methyl group that is transferred to Cap—0
at the first transcribed nucleotide to create Cap—1. The presence of Cap-1
makes viral RNAs mimic the host transcripts and prevents their degradation. To
investigate the 2’ -0 methyltransferase activity of SARS-CoV-2 Nspl0/16, we
applied fixed—target serial synchrotron crystallography (SSX) which allows for
physiological temperature data collection from thousands of crystals
significantly reducing the x-ray dose while maintaining a biologically relevant
temperature. We determined crystal structures of Nspl0/16 that revealed the
states before and after the methylation reaction, for the first time
illustrating coronavirus Nspl0/16 complexes with the m7GpppAm2’ -0 Cap—1, where
2" OH of ribose is methylated. We compare these structures with structures of
Nspl0/16 at 297 K and 100 K collected from a single crystal. This data provide
important mechanistic insight and can be used to design small molecules that

inhibit viral RNA maturation making SARS—-CoV-2 sensitive to host innate
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response.
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() Spike B FIMBARLER S . 52 TR RUEFBOT L2, TR T TR, AR
IFTTM Rk mI e i HIE ) SARS-CoV-2 i plE g NS4 . TFITM2 X} F SARS-CoV-2 4
BAHMENGEE, SRR Calu-3 M A ER e N ERHEREE,
IFITMs IRIA, DAKBHE#THRIES, o AR IR AN Al AR G 2H 20 A SARS—CoV—2
R F BN E . EEIRDIR, TFITM fERE R NS DL S 4F T 23658 SARS-CoV-2 1)
Ty, XU IFITM W] AEFE COVID-19 HRMEHE TR FE RN .

Abstract:

Interferon—induced transmembrane proteins (IFITMs 1, 2 and 3) restrict numerous
viral pathogens and are thought to prevent infection by severe acute respiratory
syndrome coronaviruses (SARS-CoVs). However, most evidence comes from single-
round pseudoparticle infection of cells artificially overexpressing IFITMs. Here,
we confirmed that overexpression of IFITMs blocks pseudoparticle infections
mediated by the Spike proteins of B —coronaviruses including pandemic SARS—CoV-—
2. In striking contrast, however, endogenous IFITM expression promoted genuine
SARS—CoV-2 infection in human lung cells both in the presence and absence of
interferon. IFITM2 was most critical for efficient entry of SARS-CoV-2 and
enhanced virus production from Calu-3 cells by several orders of magnitude.
IFITMs are expressed and further induced by interferons in the lung representing
the primary site of SARS-CoV-2 infection as well as in other relevant tissues

Our finding that IFITMs enhance SARS-CoV-2 infection under conditions
approximating the in vivo situation shows that they may promote viral invasion
during COVID-19.
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In plain sight: the role of alpha—l-antitrypsin in COVID-19 pathogenesis and
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Abstract:

Entry of SARS-CoV-2 is facilitated by endogenous and exogenous proteases. These
proteases proteolytically activate the SARS—CoV-2 spike glycoprotein and are key
modulators of virus tropism. We show that SARS-CoV-2 naive serum exhibits
significant inhibition of SARS-CoV-2 entry. We identify alpha—l-antitrypsin (AAT)
as the major serum protease inhibitor that potently restrict protease-mediated
entry of SARS-CoV-2. AAT inhibition of protease-mediated SARS—-CoV-2 entry in
vitro occurs at concentrations far below what 1is present in serum and
bronchoalveolar tissues, suggesting that AAT effects are physiologically relevant
Moreover, AAT deficiency affects up to 20% of the population and its symptomatic
manifestations coincides with many risk factors associated with severe COVID-19
disease. In addition to the effects that AAT may have on viral entry itself, we
argue that the anti—inflammatory and coagulation regulatory activity of AAT have
implications for coronavirus disease 2019 (COVID-19) pathogenicity, SARS-CoV-2
tissue restriction, convalescent plasma therapies, and even potentially AAT

therapy.

30. HHEEXTTE RS BEIT R BB AT AT SARS-CoV-2 gtk

Bacterial modification of the host glycosaminoglycan heparan sulfate modulates
SARS-CoV-2 infectivity
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Abstract:

The human microbiota has a close relationship with human disease and it remodels
components of the glycocalyx including heparan sulfate (HS).

Studies of the severe acute respiratory syndrome coronavirus (SARS—CoV-2) spike
protein receptor binding domain suggest that infection requires binding to HS
and angiotensin converting enzyme 2 (ACE2) in a codependent manner. Here, we
show that commensal host bacterial communities can modify HS and thereby modulate
SARS—-CoV-2 spike protein binding and that these communities change with host age
and sex. Common human-associated commensal bacteria whose genomes encode HS—
modifying enzymes were identified. The prevalence of these bacteria and the
expression of key microbial glycosidases in bronchoalveolar lavage fluid (BALF)
was lower in adult COVID-19 patients than in healthy controls

The presence of HS—modifying bacteria decreased with age in two large survey
datasets, FINRISK 2002 and American Gut, revealing one possible mechanism for
the observed increase in COVID-19 susceptibility with age. In vitro, bacterial
glycosidases from unpurified culture media supernatants fully blocked SARS-CoV-—
2 spike binding to human H1299 lung adenocarcinoma cells. HS-modifying bacteria
in human microbial communities may regulate viral adhesion, and loss of these
commensals could predispose individuals to infection. Understanding the impact
of shifts in microbial community composition and bacterial lyases on SARS—CoV-2

infection may lead to new therapeutics and diagnosis of susceptibility.

31. SRSF B 3% 1 12 (SPRK1/2) &3M3E SARS-CoV-2 £ I I SR SR YL A v] b
K1E EET

SRSF protein kinases 1 and 2 are essential host factors for human coronaviruses
including SARS-CoV-2

SE: bioRxiv
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Abstract:

Antiviral therapeutics against SARS-CoV-2 are needed to treat the pandemic
disease COVID-19. Pharmacological targeting of a host factor required for viral
replication can suppress viral spread with a low probability of viral mutation
leading to resistance. Here, we used a genome-wide loss of function CRISPR/Cas9
screen in human lung epithelial cells to identify potential host therapeutic
targets. Validation of our screening hits revealed that the kinase SRPKI,
together with the closely related SRPK2, were jointly essential for SARS-CoV-2
replication; inhibition of SRPK1/2 with small molecules led to a dramatic
decrease (more than 100, 000—fold) in SARS-CoV-2 virus production in immortalized
and primary human lung cells. Subsequent biochemical studies revealed that
SPRK1/2 phosphorylate the viral nucleocapsid (N) protein at sites highly
conserved across human coronaviruses and, due to this conservation, even a
distantly related coronavirus was highly sensitive to an SPRK1/2 inhibitor

Together, these data suggest that SRPK1/2-targeted therapies may be an
efficacious strategy to prevent or treat COVID-19 and other coronavirus—mediated

diseases.

32. SARS-CoV-2 #4\ T SR-B1 /3 % BE AR R AR SO B 5 B B T BEA 40
SARS—-CoV-2 manipulates the SR-Bl-mediated HDL uptake pathway for its entry
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Abstract:

The recently emerged pathogenic severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has spread rapidly, leading to a global COVID-19 pandemic. Binding
of the viral spike protein (SARS-2-S) to cell surface receptor angiotensin-—
converting enzyme 2 (ACE2) mediates host cell infection. In the present study,
we demonstrate that in addition to ACE2, the S1 subunit of SARS-2-S binds to HDL
and that SARS-CoV-2 hijacks the SR-Bl-mediated HDL uptake pathway to facilitate
its entry. SR-B1 facilitates SARS-CoV-2 entry into permissive cells by augmenting
virus attachment. MAb (monoclonal antibody)-mediated blocking of SARS—2-S-HDL
binding and SR-B1 antagonists strongly inhibit HDL—enhanced SARS—CoV-2 infection.
Notably, SR-Bl is co—expressed with ACE2 in human pulmonary and extrapulmonary
tissues. These findings revealed a novel mechanism for SARS—-CoV-2 entry and could

provide a new target to treat SARS—CoV-2 infection.
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In situ structural analysis of SARS-CoV-2 spike reveals flexibility mediated by
three hinges
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Abstract:

The spike (S) protein of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV—2) 1is required for cell entry and is the major focus for vaccine development.
Here, we combine cryo electron tomography, subtomogram averaging and molecular
dynamics simulations to structurally analyze S in situ. Compared to recombinant
S, the viral S was more heavily glycosylated and occurred mostly in the closed
pre—fusion conformation. We show that the stalk domain of S contains three hinges,
giving the head unexpected orientational freedom. We propose that the hinges
allow S to scan the host cell surface, shielded from antibodies by an extensive
glycan coat. The structure of native S contributes to our understanding of SARS—
CoV-2 infection and the development of safe vaccines
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Susceptibility of swine cells and domestic pigs to SARS—CoV-2
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Abstract:

The emergence of SARS-CoV-2 has resulted in an ongoing global pandemic with
significant morbidity, mortality, and economic consequences. The susceptibility
of different animal species to SARS-CoV-2 is of concern due to the potential for
interspecies transmission, and the requirement for pre-clinical animal models to
develop effective countermeasures. In the current study, we determined the
ability of SARS-CoV-2 to (i) replicate in porcine cell lines, (ii) establish
infection in domestic pigs via experimental oral/intranasal/intratracheal
inoculation, and (iii) transmit to co—housed naive sentinel pigs. SARS-CoV-2 was
able to replicate in two different porcine cell lines with cytopathic effects.
Interestingly, none of the SARS—-CoV-2-inoculated pigs showed evidence of clinical
signs, viral replication or SARS-CoV-2-specific antibody responses. Moreover,
none of the sentinel pigs displayed markers of SARS—-CoV-2 infection. These data
indicate that although different porcine cell lines are permissive to SARS-CoV-
2, five-week old pigs are not susceptible to infection  via
oral/intranasal/intratracheal challenge. Pigs are therefore unlikely to be
significant carriers of SARS—CoV-2 and are not a suitable pre-clinical animal
model to study SARS-CoV-2 pathogenesis or efficacy of respective vaccines or
therapeutics

35. —NHTHES COVID-19 KNSR RGEH) /N BARZL (DRAGA mouse: HLA-A2. HLA-
DR4. RaglK0. IL-2R vy ¢ KO. NOD)

A Human—Immune—System mouse model for COVID-19 research (DRAGA mouse: HLA-

A2. HLA-DR4. Rag1KO. IL-2R y ¢ KO. NOD)
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Abstract:

The current SARS-CoV-2 pandemic is accompanied by high morbidity and mortality
rates, and there is a compelling need for effective vaccines and therapeutic
agents to lessen the severity of COVID-19 disease. Appropriate animal models are
essential for testing of vaccines and therapeutics and for mechanistic studies
of infection and the host response. The Spike (S) protein of SARS-COV-2 has a
high affinity for the human ACE2 receptor, which is expressed on multiple cell
types including alveolar epithelial and vascular endothelial cells. Wild-type
mice are not susceptible to developing coronavirus—mediated diseases. Accordingly,
several human (h)ACE2 transgenic mouse models have been developed for coronavirus
research. However, these mice have failed to closely mimic important aspects of
the human immunopathological responses to SARS—CoV-2. We report herein that DRAGA
(HLA-A2. HLA-DR4. Rag1KO. IL-2R. gammac KO.NOD) mice infused with human
hematopoietic stem cells from cord blood reconstitute a fully functional human
immune system, as well as engraft human epithelial and endothelial cells, sustain
SARS—CoV-2 infection, and develop severe COVID-19-like symptoms. In pilot
experiments, infected mice developed parenchymal and epithelial lung
infiltrations with granzyme B+ and perforint CD8+ T cells and alveolar CD61+
microthrombi, mimicking human immunopathological responses to SARS-CoV-2. We
propose the DRAGA mouse as a novel pre—clinical tool for studying COVID-19
immunopathology and human immune responses to SARS-CoV-2, including events
leading to the cytokine storm and coagulopathies, as well as for testing of

candidate vaccines and therapeutics
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What the immune response to the coronavirus says about the prospects for a

vaccine
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Abstract:
Sporadic accounts of reinfection — people recovering from COVID-19, only to
fall ill and test positive for the disease again — have stoked fears that

immunity might be short—-lived. Media outlets have latched on to such reports,
and have offered gloomy predictions about the prospects for a vaccine. But
scientists are more circumspect. For the scientists digging deeply into the
details of the immune response to SARS-CoV-2, the data are so far unsurprising
— and that bodes well. “We’ re seeing great immune responses and fantastic—
looking antibodies. We just don’ t know the longevity of that response yet,”
says Mehul Suthar, a viral immunologist at Emory University in Atlanta, Georgia.
“Unfortunately, that will take time.” The signs so far for SARS-CoV-2 are
encouraging. Several teams of researchers were quick to isolate neutralizing
antibodies from people infected with the virus3; most could mount such an antibody
response within days of testing positive. And several vaccine candidates against
SARS—CoV-2 provoke a strong antibody response, a positive sign that the vaccines
might generate immunity. But some scientists have caveats about the preliminary
data. Antibody responses tended to be highest in people with the most severe
infection. Those with mild infections — which is to say most people who have
had COVID-19 — sometimes produced small amounts of neutralizing antibody. This
pattern is often seen with viruses: the longer, more severe infections are more
likely to produce strong, durable responses. This is one reason that common—cold
coronaviruses sometimes don’ t yield long-lasting immunity, says Shane Crotty,
a virologist at the La Jolla Institute for Immunology in California. Even if
antibody levels dip to vanishingly low levels, the immune system often has a
backup plan. One recent study, which has not yet been peer reviewed, found memory
B cells capable of producing neutralizing antibodies that recognize SARS-CoV-2
in people who had recovered from mild COVID-196. Furthermore, immunity does not
rely entirely on antibodies. T cells might be able to recognize virally infected
cells and destroy them, limiting the virus’ s spread in the body. Like memory B
cells, T cells are more complicated to probe than antibodies, but studies so far
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suggest that they are called into action during SARS—CoV-2 infection. Altogether,
the diverse and sometimes devastating effects of SARS-CoV-2 on the body and its
ease of spread have made it an unusual foe. But the immune system’ s response to
the virus, so far, has held few surprises, says Barreiro. In this case, he adds,

‘boring” bodes well for long-lasting immunity. “There are still a lot of
things that we don’ t know, but so far, there’ s nothing really unique.”
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Moderna makes case for ‘below-value’ COVID-19 vaccine pricing plan
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Abstract:

Moderna’ s management team made its case Wednesday for pricing its COVID-19
vaccine at $32-$37 per dose for certain supply agreements, with the potential
for lower prices among future higher—-volume supply deals

The price exceeds the $19.50 price set last week by Pfizer Inc. (NYSE:PFE) and
BioNTech SE (NASDAQ:BNTX). Those partners, and Moderna, have signaled that the
prices of their vaccines — each of which will likely reach the market in two—
dose courses — would likely rise once the disease’ s pandemic phase is over.
Moderna began the Phase III COVE trial of mRNA-1273 on July 27. The company has
received $955 million in BARDA commitments for its development (see “Pivotal
Testing Begins” ).

The 1lipid nanoparticle—encapsulated mRNA-based vaccine encodes a full-length,
stabilized prefusion spike (S) protein of SARS-CoV-2, the virus that causes
COVID-19.



