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BEFE: https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-
reports
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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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Daily new confirmed COVID-19 cases

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
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Evidence of exposure to SARS-CoV-2 in cats and dogs from households in Italy
EFz: https://www.biorxiv.org/content/10.1101/2020.07.21.214346v2
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FDA Posts New Template for At-Home and Over—the—Counter Diagnostic Tests for Use

in Non-Lab Settings, Such as Homes, Offices or Schools

B ¥ . https//www.fda.gov/news-events/press-announcements/coronavirus-covid-19-

update-fda-posts-new-template-home-and-over-counter-diagnostic-tests-use-non
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LabCorp Receives Authorization for COVID-19 Sample Pooling
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SeJE: BioSpace
RATIE: 2020-07-25
Bi¥z: https://www.biospace.com/article/releases/labcorp-receives-authorization-for-
covid-19-sample-pooling/
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W TEREACH SARS-CoV-2 MR AT e MR . BENFEAIAL & 5 NI FIFEAR, BNMERE
A5 25 PR
Abstract:
New Method Aims to Improve Efficiency of COVID-19 Testing, Optimize Testing

Supplies and Increase Overall Capacity.

6. MR RN E DNA B 7 BE 4. HAMB e AR, FHWMP T coviD-
19 = EFREE
Cell-Free DNA in Blood Reveals Significant Cell, Tissue and Organ Specific
injury and Predicts COVID—-19 Severity
FUE: medRxiv
RAGIE]: 2020-07-29
BEFZ: https://www.medrxiv.org/content/10.1101/2020.07.27.20163188v1
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7. SARS—CoV-2 /&% \ b X401 ffu
Infection of human lymphomononuclear cells by SARS-CoV-2
FUE: biorxiv
RAGIFE]: 2020-07-29
BEFz: https://www.biorxiv.org/content/10.1101/2020.07.28.225912v1
#—1E#: Marjorie C Pontelli, Italo A Castro
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WIN/EE BAL: Virology Research Center, Ribeirao Preto Medical School
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Abstract:

Although SARS-CoV-2 severe infection is associated with a hyperinflammatory state,
lymphopenia is an immunological hallmark, and correlates with poor prognosis in
COVID-19. However, it remains unknown if circulating human lymphocytes and
monocytes are susceptible to SARS-CoV-2 infection. In this study, SARS-CoV-2
infection of human peripheral blood mononuclear cells (PBMCs) was investigated
both in vitro and in vivo. We found that in vitro infection of whole PBMCs from
healthy donors was productive of virus progeny. Results revealed that monocytes,
as well as B and T lymphocytes, are susceptible to SARS-CoV-2 active infection
and viral replication was indicated by detection of double—stranded RNA. Moreover,
flow cytometry and immunofluorescence analysis revealed that SARS-CoV-2 was
frequently detected in monocytes and B lymphocytes from COVID-19 patients, and
less frequently in CD4+T lymphocytes. The rates of SARS-CoV-2-infected monocytes
in PBMCs from COVID-19 patients increased over time from symptom onset.
Additionally, SARS-CoV-2-positive monocytes and B and CD4+T lymphocytes were
detected by immunohistochemistry in post mortem lung tissue. SARS—CoV-2 infection
of blood circulating leukocytes in COVID-19 patients may have important
implications for disease pathogenesis, immune dysfunction, and virus spread
within the host.
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The best COVID-19 predictor is recent smell loss: a cross—sectional study

UE: medRxiv

RAGIFE]: 2020-07-28

BEFz: https://www.medrxiv.org/content/10.1101/2020.07.22.20157263v2
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WIN/EE BAL: Department of Psychology, Temple University
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GiF: CLO+ALRI C19- IR I HmiuEe e, (H C1O+EH MM R TE B (9% £SD, C19+: -
82.5%27.2; C19-: -59.8437.7) . fEF—FFALB AN R BURFAEALAL (ROC AUC=0. 72) 7, K
T3 IR 52 2K 2 COVID-19 FIR AR TR R 1, HABRFE XS B 2 25 5% . VAS X IR
TR PESr oAb RN I/ JE R R B Al R B (R ER ) TR TR .
50%HIS 5ETE 40 RNRHEWRE, BRIFHITRIIR B &% PR K H] o
S HI TR COVID-19 iR 1, #FFE N ZIFK T 0DoR-19 T H,, HI 0-10
(1) 5 3R SR i A B 0T I MR 2R . BUEP A <2 RoNHBUAEAR ) COVID-19 [ JLHAR &
(10<OR<4), 4572 25 3 S48 F A I AN D) S BRESAS T IR
Abstract:
Background: COVID-19 has heterogeneous manifestations, though one of the most
common symptoms is a sudden loss of smell (anosmia or hyposmia). We investigated
whether olfactory loss is a reliable predictor of COVID-19.
Methods: This preregistered, cross—sectional study wused a crowdsourced
questionnaire in 23 languages to assess symptoms in individuals self-reporting
recent respiratory illness. We quantified changes in chemosensory abilities
during the course of the respiratory illness using 0-100 visual analog scales
(VAS) for participants reporting a positive (C19+; n=4148) or negative (C19-;
n=546) COVID-19 laboratory test outcome. Logistic regression models identified
singular and cumulative predictors of COVID-19 status and post—COVID-19 olfactory
recovery.
Results: Both C19+ and C19— groups exhibited smell loss, but it was significantly
larger in C19+ participants (mean+SD, C19+: -82.54+27.2 points; Cl9-: -
59.8+37.7). Smell loss during illness was the best predictor of COVID-19 in
both single and cumulative feature models (ROC AUC=0.72), with additional
features providing no significant model improvement. VAS ratings of smell loss
were more predictive than binary chemosensory yes/no—questions or other cardinal
symptoms, such as fever or cough. Olfactory recovery within 40 days was reported
for "50% of participants and was best predicted by time since illness onset
Conclusions: As smell loss is the best predictor of COVID-19, we developed the
ODoR-19 tool, a 0-10 scale to screen for recent olfactory loss. Numeric ratings
<2 indicate high odds of symptomatic COVID-19 (10<OR<4), especially when viral

lab tests are impractical or unavailable.

9. BRVEHRA AR AL B BUREHEAT SARS—CoV2 3RIRE MG HIR A\ N FE e B B
Paired nasopharyngeal and deep lung testing for SARS-CoV2 reveals a viral
gradient in critically ill patients: a multi—centre study

BEFZ: https//www.medrxiv.org/content/10.1101/2020.07.19.20156869v1
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Multiomic Immunophenotyping of COVID-19 Patients Reveals Early Infection
Trajectories

FeYs: biorxiv

KA 2020-07-28

HF—{E&: Yapeng Yu

WIfE#:  James R. Heath, the ISB-Swedish COVID19 Biobanking Unit
EHAEE A 2 EVHER R G AW 0T 7T T

BEFE: https//www.biorxiv.org/content/10.1101/2020.07.27.224063v1 full.pdf
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SNERFAEAR 3RS G S SR FIE AN BERE R A 5K

Abstract:

Host immune responses play central roles in controlling SARS—-CoV2 infection, yet

remain incompletely characterized and wunderstood. Here, we present a
comprehensive immune response map spanning 454 proteins and 847 metabolites in
plasma integrated with single—cell multi-omic assays of PBMCs in which whole
transcriptome, 192 surface proteins, and T and B cell receptor sequence were co—
analyzed within the context of clinical measures from 50 COVID19 patient samples.
Our study reveals novel cellular subpopulations, such as proliferative exhausted
CD8+ and CD4+ T cells, and cytotoxic CD4+ T cells, that may be features of
severe COVID-19 infection. We condensed over 1 million immune features into a
single immune response axis that independently aligns with many clinical features
and is also strongly associated with disease severity. Our study represents an
important resource towards understanding the heterogeneous immune responses of
COVID-19 patients and may provide key information for informing therapeutic

development.

11. ChAdOx1 nCoV-19 BE¥ F] TP 1EFI AR K] SARS—CoV—2 ifi #
ChAdOx1 nCoV-19 vaccine prevents SARS—CoV-2 pneumonia in rhesus macaques
SKiE: Nature

RAGIFE]: 2020-07-30

B2 https://www.nature.com/articles/s41586-020-2608-y
H—1E#: Neeltje van Doremalen

HiIH/EE : Sarah C. Gilbert & Vincent J. Munster

AR FAL: NTH

DOT &% PUBMED ID: https://doi.org/10. 1038/s41586-020-2608-y
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Tl ER) 2 40 Hh I B S5 A e % 3G SR IR o IRAE, R AE BE LT BN 2RI PR IR 56 R VAl
ChAdOx1 nCoV-19 X4 fEAR K] PCR B COVID-19 FAm (f1 2 4k, S R AN T3
Abstract:

Severe acute respiratory syndrome coronavirus 2 (SARS—CoV-2) emerged in December
2019 and is responsible for the COVID-19 pandemic. Vaccines are an essential
countermeasure urgently needed to control the pandemic. Here, we show that the
adenovirus—vectored vaccine ChAdOx1 nCoV-19, encoding the spike protein of SARS—
CoV—-2, is immunogenic in mice, eliciting a robust humoral and cell-mediated
response. This response was predominantly Thl, as demonstrated by IgG subclass
and cytokine expression profling. Vaccination with ChAdOx1 nCoV-19 (prime-only
and prime-boost regimen) induced a balanced Thl/Th2 humoral and cellular immune
response in rhesus macaques. We observed a signifcantly reduced viral load in
bronchoalveolar lavage fuid and lower respiratory tract tissue of vaccinated
rhesus macaques challenged with SARS—-CoV-2 compared with control animals, and no
pneumonia was observed in vaccinated animals. However, there was no diference in
nasal shedding between vaccinated and control animals. Importantly, no evidence
of immune—enhanced disease following viral challenge in vaccinated animals was
observed. Safety, immunogenicity and efcacy of ChAdOx1 nCoV-19 against
symptomatic PCR-positive COVID-19 disease will now be assessed in randomized

controlled human clinical trials
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Single—shot Ad26 vaccine protects against SARS-CoV-2 in rhesus macaques

SRE: nature

KA TR 2020-07-30

BEE: https://www. nature. com/articles/s41586-020-2607-z reference. pdf

—1E#: Noe B. Mercado

JBIA/E#: Dan H. Barouch

AR AL SEE IS FhEE B, 56 [ % i 28 M0 AR o 2515k B

DOI Y PUBMED ID: https://doi.org/10. 1038/s41586-020-2607-z
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FENKRKKBIYIR SARS-CoV-2 BA 5 KM IR e RIEM o £1%F SARS-CoV-2 HIRefE:
Ad26 FRARREHT, FRA AD26. COV2. S, H Al IELE NG AR H3EAT A .

Abstract:

A safe and effective vaccine for severe acute respiratory syndrome coronavirus
2 (SARS—CoV-2) may be required to end the coronavirus disease 2019 (COVID-19)
pandemic. For global deployment and pandemic control, a vaccine that requires
only a single immunization would be optimal. Here we show the immunogenicity and
protective efficacy of a single dose of adenovirus serotype 26 (Ad26) vector—
based vaccines expressing the SARS-CoV-2 spike (S) protein in nonhuman primates.
Fifty—two rhesus macaques were immunized with Ad26 vectors encoding S variants
or sham control and were challenged with SARS-CoV-2 by the intranasal and
intratracheal routes. The optimal Ad26 vaccine induced robust neutralizing
antibody responses and provided complete or near—complete protection in
bronchoalveolar lavage and nasal swabs following SARS-CoV-2 challenge. Vaccine—
elicited neutralizing antibody titres correlated with protective efficacy,
suggesting an immune correlate of protection. These data demonstrate robust
single—-shot vaccine protection against SARS-CoV-2 in nonhuman primates. The
optimal Ad26 vector—based vaccine for SARS-CoV-2, termed Ad26.COV2.S, is
currently being evaluated in clinical trials

GnEE: 2N J&J AT b

13. ETF Ad26 BRI GADHE E THALA 1) SARS-CoV-2 Hil 284 88 JR Ay COVID-19 R #f, FHS:
6 B A TR 4 B B S5 N

Ad26-vector based COVID-19 vaccine encoding a prefusion stabilized SARS-CoV-2

Spike immunogen induces potent humoral and cellular immune responses

JE: biorxiv

KA E: 2020. 07. 30

W EERE: https://www. biorxiv. org/content/10. 1101/2020. 07. 30. 227470v1

H—1E#&: Rinke Bos

#HiH/E®E : Hanneke Schuitemaker

AR AL fif 2R W ARZ 1 S TP A7) (Janssen, J&J)

DOI: https://doi.org/10. 1101/2020. 07. 30. 227470

PEFE: 5KiA
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Abstract

The viral surface spike (S) protein of SARS-CoV-2 is a key target for prophylactic
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measures as it is critical for the viral replication cycle and the primary target
of neutralizing antibodies. In vitro characterization demonstrated that the
introduction of stabilizing substitutions (i.e., furin cleavage site mutations
and two consecutive prolines in the hinge region of S1) increased the ratio of
neutralizing versus non—neutralizing antibody binding, suggestive for a prefusion
conformation of the S protein. Furthermore, the wild type signal peptide was
best suited for the correct cleavage needed for a natively—folded protein. These
observations translated into superior immunogenicity in mice where the Ad26
vector encoding for a membrane—bound stabilized S protein with a wild type signal
peptide elicited potent neutralizing humoral immunity and cellular immunity that
was polarized towards Thl IFN-7y. This optimized Ad26 vector-based vaccine for
SARS-CoV-2, termed Ad26.COV2.S, 1is currently being evaluated in a phase I
clinical trial (ClinicalTrials.gov Identifier: NCT04436276).
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Abstract:

Coronavirus disease 2019 (COVID-19), caused by the SARS-CoV-2 virus, has had a

dramatic global impact on public health, social, and economic infrastructures.

Here, we assess immunogenicity and anamnestic protective efficacy in rhesus
macaques of the intradermal (ID)- delivered SARS-CoV-2 spike DNA vaccine, INO-
4800. INO-4800 is an ID-delivered DNA vaccine currently being evaluated in
clinical trials. Vaccination with INO-4800 induced T cell responses and
neutralizing antibody responses against both the D614 and G614 SARS-CoV-2 spike
proteins. Several months after vaccination, animals were challenged with SARS—

CoV-2 resulting in rapid recall of anti—SARS-CoV-2 spike protein T and B cell
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responses. These responses were associated with lower viral loads in the lung
and with faster nasal clearance of virus. These studies support the immune impact
of INO-4800 for inducing both humoral and cellular arms of the adaptive immune
system which are likely important for providing durable protection against COVID-

19 disease.
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Abstract:

There has been an urgent need of vaccines against coronavirus disease 2019
(COVID-19) due to the ongoing SARS-CoV-2 pandemic. Among all approaches,

messenger RNA (mRNA) -based vaccine has emerged as a rapid and versatile platform
to quickly respond to such a challenge. Here, we developed a lipid—nanoparticle—
encapsulated mRNA (mRNA-LNP) encoding the receptor binding domain (RBD) of SARS-

CoV-2 as a vaccine candidate (termed ARCoV). Intramuscular immunization of ARCoV

mRNA-LNPs elicited robust neutralizing antibodies against SARS-CoV-2 as well as

Thl-biased cellular response in mice and non—human primates. Two doses of ARCoV
immunization in mice conferred complete protection against the challenge of a
SARS—CoV-2 mouse adapted strain. Additionally, ARCoV was manufactured in liquid
formulation and can be stored at room temperature for at least one week. This

novel COVID-19 mRNA vaccine, ARCoV, is currently being evaluated in phase 1

clinical trials
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A Next Generation Bivalent Human Ad5 COVID-19 Vaccine Delivering Both Spike and

Nucleocapsid Antigens Elicits Thl Dominant CD4+, CD8+ T-cell and Neutralizing

Antibody Responses
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Abstract:
In response to the health crisis presented by the COVID-19 pandemic, rapid
development of safe and effective vaccines that elicit durable immune responses
is imperative. Recent reports have raised the concern that antibodies in COVID-
19 convalescent patients may not be long lasting and thus even these individuals
may require vaccination. Vaccine candidates currently in clinical testing have
focused on the SARS—CoV-2 wildtype spike (S) protein (S-WT) as the major antigen
of choice and while pre—clinical and early clinical testing have shown that S
elicits an antibody response, we believe the optimal vaccine candidate should be
capable of inducing robust, durable T-cell responses as well as humoral responses.
We report here on a next generation bivalent human adenovirus serotype 5 (hAdb)
vaccine capable of inducing immunity in patients with pre—existing adenovirus
immunity, comprising both an S sequence optimized for cell surface expression
(S-Fusion) and a conserved nucleocapsid (N) antigen designed to be transported
to the endosomal subcellular compartment, with the potential to generate durable
immune protection. Our studies suggest that this next generation bivalent vaccine
is optimized for immunogenicity as evidenced by the following findings: (i) The
optimized S-Fusion displayed improved S receptor binding domain (RBD) cell
surface expression compared to S—WT where little surface expression was detected;
(ii) the expressed RBD from S-Fusion retained conformational integrity and

recognition by ACE2-Fc; (iii) the viral N protein modified with an enhanced T-
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cell stimulation domain (ETSD) localized to endosomal/lysosomal subcellular
compartments for MHC I/II presentation; and (iv) these optimizations to S and N
(S-Fusion and N-ETSD) generated enhanced de novo antigen—specific B cell and
CD4+ and CD8+ T-cell responses in antigen—naive pre—clinical models. Both the T-
cell and antibody immune responses to S and N demonstrated a T-helper 1 (Thl)
bias. The antibody responses were neutralizing as demonstrated by two independent
SARS-CoV-2 neutralization assays. Based on these findings, we are advancing this
next generation bivalent hAd5 S-Fusion + N-ETSD vaccine as our lead clinical
candidate to test for its ability to provide robust, durable cell-mediated and
humoral immunity against SARS-CoV-2 infection. Further studies are ongoing to
explore utilizing this vaccine construct in oral, intranasal, and sublingual
formulations to induce mucosal immunity in addition to cell-mediated and humoral
immunity. The ultimate goal of an ideal COVID-19 vaccine is to generate long—

term T and B cell memory.
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Abstract:

Shanghai Fosun Pharmaceutical Group Co. Ltd. (Shanghai:600196; HKSE:2196)
announced Tuesday that China’ s National Medical Products Administration (NMPA)
accepted an IND for BNT162bl, one of four COVID-19 vaccine candidates in the

BNT162 program. Shanghai Fosun is the BNT162 development partner for BioNTech SE
(NASDAQ:BNTX) in China, outside of which the German company’ s partner is Pfizer
Inc. (NYSE:PFE). BNT162bl and BNT162b2, which have Fast Track designation, are
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among the most advanced COVID-19 vaccines in development; and BNT162bl has
induced some of the highest neutralizing antibody titers in a human trial to
date. Pfizer and BioNTech plan to move one of its four candidates into a 30, 000-
participant Phase IIb/III trial this month (see “BioNTech, Pfizer Vaccine Yields
High Titers” ). Separately, Chongging Zhifei Biological Products Co. Ltd
(SZSE:300122) launched a Chinese Phase II trial of its COVID-19 vaccine, a

recombinant spike protein receptor binding domain (RBD) dimer.
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Abstract

COVID-19 antibody therapeutics could be authorized as early as September, with

vaccines expected to be available later in the fall, a senior government official
said Thursday. In addition to updating the countermeasure timeline, the official
discussed the U.S. government’ s procurement vaccine deal with Pfizer and

BioNTech, calling the $19.50 per dose price “very competitive.”

The official, who declined to be identified, said antibody developers such as

Regeneron Pharmaceuticals Inc. (NASDAQ:REGN), Eli Lilly and Co. (NYSE:LLY) and

AstraZeneca plc (LSE:AZN; NYSE:AZN) will start a series of clinical trials in

the next couple of weeks that will follow a common protocol overseen by NIH.

Regeneron’ s REGN-COV2, a cocktail of two mAbs targeting the SARS-CoV-2 spike
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protein, started a pair of Phase I/II/III trials in mid-June and has progressed
into the Phase II/III stage in both trials.

Ly—CoV555, the mAb that Lilly is developing with AbCellera Biologics Inc., began
Phase I testing on June 1 and a separate Phase II trial weeks later.
AstraZeneca has licensed six mAbs from Vanderbilt University and plans to bring
two into the clinic as a combination therapy in August

If the antibodies are successful in the clinic, the official anticipates
“significant volumes hitting the market this fall, between the middle of
September and the first of November. These will likely precede the availability

of vaccines, which will come a little bit later in the fall.”
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Abstract:

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) enters through the
airways and infects the lungs, causing lethal pulmonary damage in vulnerable
patients. This virus contains spike proteins on its envelope that binds to human

angiotensin—converting enzyme 2 (hACE2) expressed on the surface of airway cells,
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enabling entry of the virus for causing infection. In severe cases, the virus
enters the circulatory system, contributing to multiorgan failure. Soluble form
of hACE2 binds to SARS-CoV-2 spike protein and prevents viral entry into target
cells. Moreover, soluble recombinant ACE2 ameliorates lung injury but its short
half-life limits its therapeutic utility. Here, we engineered synthetic mRNA to
encode a soluble form of hACE2 (hsACE2) to prevent viral infection. Novel lipid
nanoparticles (LNPs) were used to package mRNA and transfect mammalian cells for
enhanced production of secreted proteins. Intravenously administered LNP led to
hepatic delivery of the mRNA. This elicited secretion of hsACE2 into the blood
circulation within 2 h, and levels of circulating hsACE2 peaked at 6 h and
gradually decreased over several days. Since the primary site of entry and
pathogenesis for SARS-CoV-2 is the lungs, we instilled LNPs into the lungs and
were able to detect hsACE2 in the bronchoalveolar lavage fluid within 24 h and
lasted for 48 h. Through co—immunoprecipitation, we found that mRNA-generated
hsACE2 was able to bind with the receptor binding domain of the SARS-CoV-2 spike
protein. Furthermore, hsACE2 was able to strongly inhibit (over 90%) SARS-CoV-2
pseudovirus infection. Our proof of principle study shows that mRNA-based
nanotherapeutics can be potentially deployed for pulmonary and extrapulmonary

neutralization of SARS—CoV-2 and open new treatment opportunities for COVID-19.
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Abstract

Heterologous polyclonal antibodies trigger human natural xenogeneic antibody
responses particularly directed against animal-type carbohydrate epitopes,

mainly the N-glycolyl form of the neuraminic acid (NeubGe) and the Gal alphal, 3—
galactose (a—Gal), ultimately forming immune complexes and potentially leading
to serum sickness or allergy. To circumvent these drawbacks, we engineered
animals lacking the cytidine monophosphate—-N-acetylneuraminic acid hydroxylase
(CMAH) and alphal, 3-galactosyltransferase (GGTAl) enzymes to produce glyco—
humanized polyclonal antibodies (GH-pAb) lacking NeubGc and a —Gal epitopes. We
also found that these IgG Fc domains fail to interact with human Fc receptors
and thereby should confer the safety advantage to avoiding macrophage dependent
exacerbated inflammatory responses or elicit antibody—dependent enhancement
(ADE), two drawbacks possibly associated with antibody responses against SARS—
CoV-2. Therefore, we immunized CMAH/GGTAl double knockout (DKO) pigs with the
SARS-CoV-2 spike receptor binding domain (RBD) domain to elicit neutralizing
antibodies. Animals rapidly developed hyperimmune sera with end-titers binding
dilutions over one to a million and end-titers neutralizing dilutions of 1:10, 000.
The IgG fraction purified and formulated following clinical Good Manufacturing
Practices, named XAV-19, neutralized Spike/ACE-2 interaction at a concentration
< Imicrogram/mL and inhibited infection of human cells by SARS-CoV-2 in
cytopathic assays. These data and the accumulating safety advantages of using
glyco—humanized swine antibodies in humans warrant clinical assessment of XAV-—
19 to fight against COVID-19.
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Abstract

AI Therapeutics announced the start of Phase II clinical trial for the treatment
of newly diagnosed COVID-19 patients in collaboration with Yale University. Al
Therapeutics 1is a biopharmaceutical company that develops novel therapies
identified through a proprietary artificial intelligence algorithm for matching
drugs to new indications (Guardian Angel™). The randomized, double-blind,
placebo—controlled study (NCT04446377) will enroll up to 142 outpatients to
evaluate the safety, tolerability, and efficacy of LAM-002A in reducing viral
load in subjects with a confirmed COVID-19. Additional measures of clinical
efficacy will be evaluated, including death, hospitalization, and oxygen
saturation. LAM-002A is a first in class, highly selective PIKfyve kinase
inhibitor that has demonstrated potent in vitro antiviral activity against
several isolates of SARS—CoV-2, the virus responsible for COVID-19. Indeed,
several studies now have shown that LAM-002A interferes with the entry and
trafficking of the SARS-CoV-2 virus in cells. Given its mechanism of action
LAM-002 also has the potential to become part of combination therapies,
especially with other drugs that target viral proteins or functions, such as

viral replication.
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Abstract:

Development of effective strategies to detect, treat, or prevent COVID-19
requires a robust understanding of the natural immune response to SARS-CoV-2,
including the cellular response mediated by T cells. We used an unbiased, genome—
wide screening technology, termed T-Scan, to identify specific epitopes in SARS—
CoV-2 that are recognized by the memory CD8+ T cells of 25 COVID-19 convalescent
patients, focusing on epitopes presented by the six most prevalent Human
Leukocyte Antigen (HLA) types: A%02:01, A%01:01, A%03:01, A*11:01, A%24:02, and
B%07:02. For each HLA type, the patients’ T cells recognized 3-8 immunodominant
epitopes that are broadly shared among patients. Remarkably, 94% of screened
patients had T cells that recognized at least one of the three most dominant
epitopes for a given HLA, and 53% of patients had T cells that recognized all
three. Subsequent validation studies in 18 additional A*02:01 patients confirmed
the presence of memory CD8+ T cells specific for the top six identified A*02:01
epitopes, and single—cell sequencing revealed that patients often have >5
different T cell clones targeting each epitope, but that the same T cell receptor
Valpha and Vbeta regions are predominantly used to recognize these epitopes,
even across patients. In total, we identified 29 shared epitopes across the six
HLA types studied. T cells that target most of these immunodominant epitopes (27
of 29) do not cross—react with the endemic coronaviruses that cause the common
cold, and the epitopes do not occur in regions with high mutational variation.
Notably, only 3 of the 29 epitopes we identified reside in the spike protein,
highlighting the need for new classes of vaccines that are designed to elicit a

broader CD8+ T cell response
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Fig. 2 Binding modes of RNA cap analogues and SAM and mechanism of methyl transfer. a Overlay
of a binary (S-adenosyl methionine or SAM-bound; gray cartoons) and ternary (SAM, RNA cap-bound;
light cyan cartoons) complexes shows outward motions (green arrows: 7 A in gate loop 1, and 5.2 A in
gate loop 2) after RNA cap binding to nsp16. RNA cap, red stick; SAM in ternary complex, blue stick;
SAM in binary complex, gray stick. b green sticks; nsp16 residues that interact with RNA cap. ¢ magenta
sticks; nsp16 residues that contact with SAM. d A close-up view of Cap-nspl6 interactions reveals a

network of hydrogen bonding with successive phosphates, me7GO and Al nucleotides of cap. Water,
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gray spheres, h-bonds, black dashed lines. e A water (yellow sphere) coordinates with the target 2'-O
atom of A1, and catalytic tetrad residues and N43. The methyl group of SAM is positioned for direct in-
line attack from the 2'-O. f Binding isotherms and fitting of data for nspl16 binding to RNA cap-0
(me7GpppA), cap-1 (me7GpppAm) analogues, and SAM. Each data point represents average of two
independent experiments (n = 2). g The 2'-O methyltransferase activity measured as percentage of Cap-
0 to Cap-1 conversion is plotted against nsp16/nsp10 protein concentration. Higher enzymatic activity is
observed on an RNA substrate with A (red circles) as the target base for 2'-O methylation (N1), compared
to an identical RNA but with G (black square) as N1 or initiating nucleotide. Results are average of three
independent experiments (n = 3) with one standard deviation (s.d.) for each RNA shown as error bars.
Source data are provided as a Source Data file. h Guanine base (yellow stick) is modeled at N1 position
of cognate adenine (red stick). The N2 amine of guanine intrudes into the SAM pocket and may be

repelled by positively charged sulfur of SAM (blue stick).

Abstract:

The severe acute respiratory syndrome coronavirus—2 (SARS-CoV-2), the causative
agent of COVID-19 illness, has caused millions of infections worldwide. In SARS
coronaviruses, the non—structural protein 16 (nspl6), in conjunction with nspl0,
methylates the 5’ —end of virally encoded mRNAs to mimic cellular mRNAs, thus
protecting the virus from host innate immune restriction. We report here the
high-resolution structure of a ternary complex of SARS—-CoV-2 nspl6 and nsplO in
the presence of cognate RNA substrate analogue and methyl donor, S—adenosyl
methionine (SAM). The nspl6/nspl0 heterodimer is captured in the act of 2’ -0
methylation of the ribose sugar of the first nucleotide of SARS—CoV-2 mRNA. We
observe large conformational changes associated with substrate binding as the
enzyme transitions from a binary to a ternary state. This induced fit model
provides mechanistic insights into the 2’ -0 methylation of the viral mRNA cap.
We also discover a distant (25 A) ligand-binding site unique to SARS—CoV-2, which
can alternatively be targeted, in addition to RNA cap and SAM pockets, for

antiviral development.
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Figure 2. Overall structure of the SARS-CoV2 nspl3 helicase with the holo-RdRp:RNA
replication/transcription complex (RTC). A. Schematic illustrating domain structure of SARS-CoV-2
holo-RdRp (nsp7, nsp8, nspl12) and nspl3. Structural domains discussed in the text are labeled. The

color-coding corresponds to the figures throughout this manuscript unless otherwise specified. B-E.
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Orthogonal views showing the overall architecture of the nsp132-RTC. Proteins are shown as molecular
surfaces (except nsp13.1 in panel d), RNA as atomic spheres. Adventitious CHAPSO detergent molecules
are shown as atomic spheres and colored dark grey. The path of downstream t-RNA through the nsp13.1
helicase, shown as cyan spheres, is revealed with low460 pass filtered (6 A) difference density (shown
in panel d). B. Two copies of the nsp13 helicase bind to the RTC. Nsp13.1 forms a tripartite interaction
with the nsp8b-extension and the nsp12-thumb via the nsp13.1-ZBD. The 5’-end of the tRNA extrudes
through the nucleic acid binding channel of nsp13.1. The two helicases interact via the nsp13.1-1B
domain and the nsp13.2-RecAl domain. C. In addition to the nsp13.1-ZBD:nsp8b-extension:nsp12-
thumb tripartite interaction, nsp13.1-RecAl interacts with nsp7 and the nsp8b-head. D. ADP-AIF3 is
modeled in the NTP binding site of each helicase. The low-pass filtered (6 A) cryo-EM difference density
revealing the path of the downstream t-RNA is shown (dark blue mesh). E. The nsp13.2-ZBD interacts
with the nsp8a-extension. ADP-Mg2+ 469 is bound to the NIRAN domain.

Abstract:

SARS—CoV-2 is the causative agent of the 2019-2020 pandemic. The SARS—CoV-2
genome 1is replicated and transcribed by the RNA-dependent RNA polymerase
holoenzyme (subunits nsp7/nsp8:/nspl2) along with a cast of accessory factors.
One of these factors is the nspl3 helicase. Both the holo—RdRp and nspl3 are
essential for viral replication and are targets for treating the disease COVID-
19. Here we present cryo—electron microscopic structures of the SARS—-CoV-2 holo—
RdRp with an RNA template—product in complex with two molecules of the nspl3
helicase. The Nidovirus—order—specific N-terminal domains of each nspl3 interact
with the N-terminal extension of each copy of nsp8. One nspl3 also contacts the
nspl2—thumb. The structure places the nucleic acid-binding ATPase domains of the
helicase directly in front of the replicating—transcribing holo—RdRp,
constraining models for nspl3 function. We also observe ADP-Mg2+ bound in the
nspl2 N-terminal nidovirus RdRp—associated nucleotidyltransferase domain,

detailing a new pocket for anti-viral therapeutic development.
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Abstract:

IGHV3-53—-encoded neutralizing antibodies are commonly elicited during SARS-CoV-
2 infection and target the receptor—-binding domain (RBD) of the spike (S) protein.
Such IGHV3-53 antibodies generally have a short CDR H3 due to structural
constraints in binding the RBD (mode A). However, a small subset of IGHV3-53
antibodies to the RBD contain a longer CDR H3. Crystal structures of two IGHV3-—
53 neutralizing antibodies here demonstrate that a longer CDR H3 can be
accommodated in a different binding mode (mode B). These two classes of IGHV3-—
53 antibodies both target the ACE2 receptor binding site, but with very different
angles of approach and molecular interactions. Overall, these findings emphasize
the versatility of IGHV3-53 in this common antibody response to SARS—-CoV-2, where
conserved IGHV3-53 germline—encoded features can be combined with very different
CDR H3 lengths and light chains for SARS-CoV-2 RBD recognition and virus

neutralization.
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