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Flu, RSV & COVID
A “Tripledemic” in our Path this Winter
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HANDO480 Distributed via the CDC Health Alert Network
November 04, 2022, 3:30 PM ET
HAN00479 CDCHAN-00479
HAN00478 Summary
The Centers for Disease Control and Prevention (CDC) is issuing this Health Alert Network (HAN) Health Advisory about early,
HANDO477 elevated respiratory disease incidence caused by multiple viruses occurring especially among children and placing strain on
healthcare systems. Co-circulation of respiratory syncytial virus (RSV), influenza viruses, SARS-CoV-2, and others could place
HANDO476 stress on healthcare systems this fall and winter. This early increase in disease incidence highlights the importance of

optimizing respiratory virus prevention and treatment measures, including prompt vaccination and antiviral treatment, as
HAND0475

outlined below.
HANDO474 Background

Many respiratory viruses with similar clinical presentations circulate year-round in the United States and at higher levels in
HANNNATR



Influenza Positive Tests Reported to CDC by U.S. Clinical Laboratories,
National Summary, May 22, 2022 — November 5, 2022
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Rates per 100,000 population

Laboratory-Confirmed Influenza Associations, FluSurv-NET, 2022-23
Preliminary cumulative rates as of Nov 05, 2022
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Key Points:

* Influenza activity continues to increase.

« Regions 4 (Southeast) and 6 (South-Central) are reporting the highest levels of flu
activity, followed by regions 3 (Mid-Atlantic) and 9 (south-central West Coast).

* Most cases are Influenza A (H3N2)
» Three influenza-associated pediatric deaths were reported this week.

« CDC estimates that, so far this season, there have been at least 2.8
million illnesses, 23,000 hospitalizations, and 1,300 deaths from flu.

« The cumulative hospitalization rate in the FluSurv-NET system is higher
than the rate observed in week 44 during every previous season since
2010-2011.

Source: https://www.cdc.gov/flu/weekly/index.htm



CDC recommends that everyone ages 6
months and older get a flu vaccine
annually

Flu Vaccine Doses Distributed:
« As of October 22, 2022, 137.0 million doses of flu vaccine have been distributed in the U.S.

+ Vaccine manufacturers have projected that they will supply the U.S. with 173.5 to 183.5 million
doses of influenza vaccines for the 2022-2023 season.

Flu Vaccination Coverage:

» Children = 24.8%. Similar to last year at this time (25.2%) and lower than in 2020 (32.1%).
« Coverage among states and DC ranges from 12.6% to 35.7%

» Pregnant persons = 21%. 5.4 percentage points lower compared to same time last year (21.0% vs
26.4%) and 17 percentage points lower than in 2020 (21.0% vs 38.0%).

» Persons > 65 years = 54.0%. Lower than at the same time in 2021 (57.8%) and 2020 (56.2%).
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MONKEYPOX

DETIW,
Monkeypox
Cases Reported

400+

Number of Cases

200+

and 7 Day Daily

Average
(as of 11/9/2022)

0
May 10 May 28

U.S. Monkeypox Case Trends Reported to CDC | Monkeypox | Poxvirus | CDC



https://www.cdc.gov/poxvirus/monkeypox/response/2022/mpx-trends.html
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CDC’s Monkeypox Clinical Consultations Service — What We

Do
Clinical consult service is staffed by CDC clinicians to respond to

physicians/local public health inquiries on unusual/severe cases of
monkeypox.

We provide the following:
1. Knowledge sharing with treatment teams of our understanding of

Monkeypox

2. Facilitation of monkeypox treatments from the Strategic National
Stockpile

3. Feedback to CDC response leadership on emerging clinical
phenotypes

In October 2022, the Clinical Consultations Team conducted consultations for
66 patients — from 23 states + DC



Recent MMWR on Severe Monkeypox Cases
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Morbidity and Mortality Weekly Report (MMWR)

Severe Monkeypox in Hospitalized Patients — United States, August 10-
October 10, 2022

Weelkly / November 4, 2022 / 71(44);,1412-1417
On October 26, 2022, this report was posted online as an MMWR Early Release.

Maureen ). Miller, MD"*; Shama Cash-Goldwasser, MD'23*; Grace E. Marx, MD; Caroline A. Schrodt, MD'; Anne Kimball, MD'; Kia Padgett, MPH'; Rebecca S. Noe, MPH?;
David W. McCormick, MD"Z; Joshua M. Wong, MD'Z; Sarah M. Labuda, MD’; Brian F. Borah, MD'2#; [saac Zulu, MD'; Amimah Asif, MBBS'; Gurpreet Kaur, MD'Z; Janet M.
McNicholl, MD'; Athena Kourtis, MD'; Andrew Tadros, MD, PhD'; Sarah Reagan-Steiner, MD'; Jana M. Ritter, DVM’; Yon Yu, PharmD’; Patricia Yu, MPH'; Rachel Clinton, MS’;
Corrine Parker, PharmD'; Eleanor S. Click, MD, PhD'?; Johanna S. Salzer, DVM'; Andrea M. McCollum, PhD'; Brett Petersen, MD'; Faisal S. Minhaj, PharmD'.2; Ericka Brown,
MD?; Michael P. Fischer, MD®; Robert L. Atmar, MD’; Andrew R. DiNardo, MD?; Ya Xu, MD, PhD?; Cameron Brown, PhD; Jerry Clay Goodman, MD7; Ashley Holloman, MD7;
Julia Gallardo, MD7; Hanna Siatecka, MD7; Georgia Huffman, MD7; John Powell, MD7; Philip Alapat, MD7; Pralay Sarkar, MD7; Nicola A. Hanania, MD”; Or Bruck, MD7; Steven
D. Brass, MD?#; Aneesh Mehta, MD®; Alexandra W. Dretler, MD'%; Amanda Feldpausch, DVM''; Jessica Pavlick, DrPH'"; Hillary Spencer, MD?'?; Isaac Ghinai, MBBS'%;
Stephanie R. Black, MD'2'%; Laura N. Hernandez-Guarin, MD'3; Sarah Y. Won, MD'3; Shivanjali Shankaran, MD'3; Andrew T. Simms, MD'3; Jemma Alarcon, MD2'#4 Jesse G.
O'Shea, MD'; John T. Brooks, MD'; Jennifer McQuiston, DVM’; Margaret A. Honein, PhD’; Siobhan M. O'Connor, MD'; Kevin Chatham-Stephens, MD'; Kevin O'Laughlin, MD';
Agam K. Rao, MD'; Elliot Raizes, MD'; Jeremy A. W. Gold, MD""; Sapna Bamrah Morris, MD""; CDC Severe Monkeypox Investigations Team (VIEW AUTHOR AFFILIATIONS)

Severe Monkeypox in Hospitalized Patients — United States, August 10—October 10, 2022 | MMWR (cdc.gov)



https://www.cdc.gov/mmwr/volumes/71/wr/mm7144e1.htm?s_cid=mm7144e1_w

Characteristics Of Hospitalized Patients With Severe Manifestations of
Monkeypox* (N = 57) For Whom CDC Provided Clinical Consultation —
United States, August 10—October 10, 2022

No. (%)

Median age, yrs (range) 34 (20-61)
Sex
Male 54 (94.7)

Race and ethnicity

Black or African American, non-Hispanic 39 (68.4)

White, non-Hispanic 8(14.0)

Hispanic or Latino 8 (14.0)

Asian, non-Hispanic 1(1.8)

Multiple races, non-Hispanic 1(1.8)

Experiencing homelessnesst 13 (22.8)

Any immunocompromising condition® 51 (89.5)

HIV infection 47 (82.5) *See HAN Archive - 00475 |
History of solid organ transplantation 3(5.3) Health Alert Network (HAN)
Hematologic malignancy (current chemotherapy) 2 (3.5) (cde.gov) for listing of severe

manifestations
Pregnant 3(5.3)


https://emergency.cdc.gov/han/2022/han00475.asp

Laboratory and Treatment Characteristics of Hospitalized Patients With
HIV Infection and Severe Monkeypox for Whom CDC Provided Clinical
Consultation (N = 47) — United States, August 10—-October 10, 2022

Characteristic (no. with information available) No. (%)

HIV CD4, cells/mm’ (43)

<50 31(72.1)
50-200 9 (20.9)
>200 3(7.0)

HIV Treatment (47)

On ART at the time of monkeypox diagnosis 4 (8.5)

Severe Monkeypox in Hospitalized Patients — United States, August 10—October 10, 2022 | MMWR (cdc.gov)



https://www.cdc.gov/mmwr/volumes/71/wr/mm7144e1.htm?s_cid=mm7144e1_w

Characteristics of Hospitalized Patients with Severe Manifestations of
Monkeypox (N = 57) for Whom CDC Provided Clinical Consultation —
United States, August 10—October 10, 2022

.. . .1
Clinical manifestation

57 (100.0)
39 (68.4)

Dermatologic

Mucosal**

Pulmonary

Ocular

Deep tissue (muscle or bone)
Neurologic
Monkeypox-directed therapy?'r
Tecovirimat (oral)
Tecovirimat (intravenous)
VIGIV

Cidofovirt+

Received ICU-level care

STI coinfection§§

12 (21.1)
12 (21.1)
5(8.8)
4 (7.0)

53 (93.0)
37 (64.9)
29 (50.9)
13 (22.8)
17 (29.8)
16 (28.1)

** Mucosal involvement might include oral, urethral, rectal,
vaginal, or other lesions.

™ Patients could receive more than one treatment. All
patients who received VIGIV or cidofovir also received
tecovirimat.

§ § STI coinfection included concurrent diagnosis of syphilis,
gonorrhea, chlamydia, herpes simplex virus type 2, or
shigellosis



Outcomes among the 57 Patients

* Twelve (21%) died:
e 5 deaths, monkeypox was a cause of death or contributing factor,
e 6 deaths remain under investigation to determine whether
monkeypox was a causal or contributing factor,
e 1 death, monkeypox was not a cause or contributing factor.

Severe Monkeypox in Hospitalized Patients — United States, August 10—
October 10, 2022 | MMWR (cdc.gov)
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Clinical Consultations Service — Emerging Phenotypes

The Clinical Consultations Service has observed different phenotypes in
terminal cases

1. Fulminant, rapid progression

Characterized by death within <4 weeks of cumulative therapy. Have diffuse, whole-body lesions. Terminal
events characterized by shock/profound inflammation or gastrointestinal hemorrhage.

2. Prolonged, progressive course
Characterized by death with >4 weeks of therapy. Generally, have persistent, necrotic lesions that do not
resolve vs progress slightly. Underwent sequential therapy w/ PO tecovirimat = |V tecovirimat = vaccinia
immunoglobulin + IV tecovirimat. Terminal events characterized by comfort care vs septic shock.
Median time of Monkeypox onset to death = ~64 days.

3. Incidental cases
Deaths that can occur after many viral illness (e.g., influenza), need to distinguish from background rates.



Brincidofovir (also known as CMX001 or Tembexa) is now
available

* Prodrug of cidofovir that is approved by FDA for the treatment of human
smallpox disease in adult and pediatric patients, including neonates (no
data on effectiveness in human Monkeypox infection)

* Should not be used simultaneously with cidofovir

* Made available from the SNS for treatment of Monkeypox to clinicians
who request and obtain an FDA-authorized single-patient emergency use
IND (e-IND)

Treatment Information for Healthcare Professionals | Monkeypox | Poxvirus |
CDC



https://www.cdc.gov/poxvirus/monkeypox/clinicians/treatment.html#anchor_1655488353796

FDA’s review criteria for brincidofovir e-IND requests

* Patients with positive test results for human monkeypox viral testing who:
= Have severe disease OR are at high risk for progression to severe disease
= AND meet either of the following:

< Experience clinically significant disease progression while receiving tecovirimat or
who develop recrudescence (initial improvement followed by worsening) of
disease after an initial period of improvement on tecovirimat, OR

< Are otherwise ineligible or have a contraindication for oral or intravenous
tecovirimat

Treatment Information for Healthcare Professionals | Monkeypox | Poxvirus | CDC



https://www.cdc.gov/poxvirus/monkeypox/clinicians/treatment.html#anchor_1655488353796

Single-patient emergency use IND (EIND) request for
brincidofovir to treat patients with human monkeypox
disease

Kirk Chan-Tak, MD
U.S. Food and Drug Administration

https://societycentral.zoom.us/rec/share/IwGP3XMUCXcF4bxqVrBWz2EeQ2MOIILS
MNgGng3-
2RUkWUUML2t2gKoNsjkDU7 jV.FRGPMimWRP NtzAJ?startTime=1668026706000

Passcode: pFvdP4%”


https://societycentral.zoom.us/rec/share/lwGP3XMUCXcF4bxqVrBWz2EeO2M9lLSmNgGng3-2RukWUUML2t2gKoNsjkDU7_jV.FRGPMimWRP_NtzAJ?startTime=1668026706000

MONKEYPOX

CDC Monkeypox Clinical
Consultation Service

Call CDC Emergency Operations Center at
770.488.7100



1-800-CDC-INFO (232-4636)
TTY: 1-888-232-6348 www.cdc.gov
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Weekly Trends in Reported COVID-19 Cases and
Test Percent Positivity (7-day Moving Average), United States
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Convergent Evolution of Different Omicron Sub-lineages
Key changes in the spike receptor binding domain

>90% of circulating lineages BA.4/BA.5

(spike component included in bivalent vaccine)
A
[ |

BA.5 — L452R, F486V BA.4 — L452R, F486V

BF.7 —R346T BA.4.6 — R346T
BA.5.2.6 — R346T

BQ.1 - K444T, N460K
BQ.1.1 - R346T, K444T, N460K BA.2

BA.2.75 - D339H, G446S, N460K, R493Q
BA.2.75.2 — D339H, R346T, G446S, N460K, F486S, R493Q,
Bolded sub-lineages are expanding in U.S. BN.1 - D339H, R346T, K356T, G446S, N460K, F490S, R493Q

Change impacts some monoclonal antibody treatments *XBB — D339H, R346T, L368I, VA45P, G446S, N460K, FA486S,
* Sub-lineage <1% weighted estimate in U.S. as of F490S, R493Q.

November 11, 2022

https://www.covid19treatmentquidelines.nih.gov/therapies/statement-on-omicron-subvariants/



https://www.covid19treatmentguidelines.nih.gov/therapies/statement-on-omicron-subvariants/

National Nowcast Estimates of SARS-CoV-2
Lineages

United States: 8/7/2022 — 11/12/2022

* Omicron estimated at > 99% of circulating
viruses

100% USA
« BA.4 and BA.5 |ineages and Sub_"neages >90% of 90% WHO Label Lineage US Class  %Total 95%PI
H H H Omicron  BA.5 VOC 29.7% 27.2-32.3%
CIrCUIa.tmg V|ru_ses 80% = BQ.1.1 VOC  24.1% 21.3-27.3%
* BA.2 lineage viruses make up about 8% of g B voe ot 17224
circulating viruses g 0% p BA46 VOO 5%  5.062%
3 a BN.1 VOC 43%  3.0-6.2%
= 0w Q BA5.2.6 VOC  29% 2534% |
i (o) g 3 BA2 VOC  13%  0.81.9%
New lineages >1% separated from parent g 2 - oo 1k 0k
. g 50% BA.2.75.2 VOC 09%  06-1.2%
BN.1 (BA.2.75.5.1) ]
. . g BA.4 VvOC 01% 0.1-0.1%
» BN.1 growing and predicted to account for 5 o BA1 VOC  00%  0.0-0.0%
0, 0 E B.1.1.529 VOC  0.0%  0.0-0.0%
4.3% (3-0'6-2 A’) of cases = BA.2.12.1 VOC  0.0%  0.0-0.0%
+ Mutations in Spike RBD, relative to BA.2 : 0% Defta  B1617.2  VBM_00% 00-00%
Other Other* 2.0% 1.1-3.3%

D339H, R346T, K356T, G446S, N460K,
F490S, R493Q

*  Enumerated lineages are US VOC and lineages circulating above 1%
nationally in at least one week period. "Other" represents the aggregation of
lineages which are circulating <1% nationally during all weeks displayed.

**  These data include Nowcast estimates, which are modeled projections that
may differ from weighted estimates generated at later dates

# BA.1, BA.3 and their sublineages (except BA.1.1 and its sublineages) are
aggregated with B.1.1.529. Except BA.2.12.1, BA.2.75, BA.2.75.2, BN.1 and their
sublineages, BA.2 sublineages are aggregated with BA.2. Except BA.4.6,
sublineages of BA.4 are aggregated to BA.4. Except BF.7, BA.5.2.6, BQ.1 and
BQ.1.1, sublineages of BA.5 are aggregated to BA.5. For all the lineages listed in
the above table, their sublineages are aggregated to the listed parental lineages
respectively. Previously, BN.1 was aggregated with BA.2.75. Lineages BA.2.75.2,
BN.1, BA.4.6, BF.7, BA.5.2.6 and BQ.1.1 contain the spike substitution R346T.
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Linages with 346 and / or 444 substitutions

Implications for Therapeutics

. . . WHO Label Lineage US Class  %Total 95%PI
Bebtelovimab may lose potency against viruses ,
N - i . Omicron  BA.5 VOC 29.7% 27.2-32.3%
with Spike substitution at 444 BQ.1.1 VOC  24.1% 21.3-27.3% -
BQ.1 VOC 20.1% 17.2-23.4%
= BQ.1 apd BQ.1.1 h.ave K444T. . o Voo T8 6905
= Comprise ~ 44% circulating viruses nationally BA.4.6 voc 55% 5062% |
BN.1 VOC 4.3% 3.0-6.2%
BA.5.2.6 VOC 2.9% 2.5-3.4%
Evusheld may lose potency against viruses with BA.2 VoG  1.3%  0.8-1.9%
. . . BA.2.75 VOC 1.2% 1.0-1.5%
Spike substitution at 346 or 444 BA2.752 VOC 09%  06-1.2% -
BA.4 VOC 0.1% 0.1-0.1%
= BA.4.6, BF.7,_B.£_3.2.6, a_nd BA.2.75.2, h_ave_ " Voo oon oooon
R346T substitutions without 444 substitution B.1.1.529 VOC 0.0%  0.0-0.0%
= BQ.1 has K444T substitution, but not R346T T T
= BQ.1.1 has both R346T and K444T Other  Other® 20 1133% [

*

= Combined these lineages make up

Enumerated lineages are US VOC and lineages circulating above 1%
nationally in at least one week period. "Other" represents the aggregation of

. . . . lineages which are circulating <1% nationally during all weeks displayed.

apprOX|mate|y 61 % Of C|rCU|at|ng Viruses **  These data include Nowcast estimates, which are modeled projections that
may differ from weighted estimates generated at later dates
# BA.1, BA.3 and their sublineages (except BA.1.1 and its sublineages) are
aggregated with B.1.1.529. Except BA.2.12.1, BA.2.75, BA.2.75.2, BN.1 and their
sublineages, BA.2 sublineages are aggregated with BA.2. Except BA.4.6,
sublineages of BA.4 are aggregated to BA.4. Except BF.7, BA.5.2.6, BQ.1 and
BQ.1.1, sublineages of BA.5 are aggregated to BA.5. For all the lineages listed in

the above table, their sublineages are aggregated to the listed parental lineages
respectively. Previously, BN.1 was aggregated with BA.2.75. Lineages BA.2.75.2,
BN.1, BA.4.6, BF.7, BA.5.2.6 and BQ.1.1 contain the spike substitution R346T.



Nowcast estimates of SARS-CoV-2 lineages by
HHS region
L sesammeaEmmmoes

= BQ.1 and BQ.1 are increasing in
every region
— BQ.1 ranges from 11-25% in
each region

— BA.1.1 from 13-29% per region

= BQ.1 and BQ.1.1 make up over half of
SARS-CoV-2 infections in HHS
Region 2




Week over Week Growth Analysis

BA.4/5 lineage viruses
* BAQ.1.1 has a doubling time of ~14 days, which is slower than last week’s 9 days
+ BAQ.1 has a doubling time of ~26 days, which is slightly slower than last week’s 13 days

BA.2 lineage viruses
« BN.1 (BA.2.75.5.1) has a doubling time of ~14 days, but the absolute number of sequences is low so confidence

intervals are wide
+ XBB (and XBB.1) growth is increasing with a doubling time of ~12 days, but absolute number of sequences is

low, so confidence intervals are wide and weighted estimates still below 1%

* There are some other sublineages with growth rates above zero that have not met the 1% threshold. All are BA.5
or BA.2 lineage viruses.




Viral surveillance key takeaways

= Currently, there is a lot of lineage diversity, but we are observing convergent evolution
= There is no one “stand out” sublineage

= BA.5 parental lineage is decreasing in prevalence

= BA.4 and BA.5 sublineage viruses continue to predominate

= BQ.1 and BQ.1.1 are increasing in proportion in the US and were the fastest growing
lineages, though growth is slowing

* Doubling time for BQ.1 ~26 days
* Doubling time for BQ.1.1 ~14 days

New sublineage that has been be added to the data tracker this week
 BN.1-D339H, R346T, K356T, G446S, N460K, F490S, Q493R

New sublineage that may be added in coming weeks
« XBB - D339H, R346T, L368I, V445P, G446S, N460K, F486S, F490S, R493Q




For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY: 1-888-232-6348 www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily
represent the official position of the Centers for Disease Control and Prevention.
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| SARS CoV-2 Antivirals
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Modified from https://www.science.org/doi/epdf/10.1126/science.acx9605



Anti-SARS CoV-2 Monoclonal Antibodies

for Treatment: Rationale

* Delayed production of neutralizing
antibodies correlates with fatal COVID-19 04
E 0.3
* Would providing passive immunity ,,—g 0 Early neut.
through antibody therapy improve = Hate neut.
clinical outcomes? 0-1-
0.0

Slide 40 of X Lucas C et al, Nat Med. 2021 May 5. doi: 10.1038/s41591-021-01355-0. PMID: 33953384.



Anti-SARS-CoV-2 Monoclonal Abs for Treatment

* Phase 3 placebo-controlled trials in non-hospitalized patients with mild to
moderate COVID and >1 risk factor for severe disease

% Reduction

Antibody Hospitalization/Death
Bamlanivimab + Etesevimab 70%
Casirivimab + Imdevimab 70%
Sotrovimab 79%

In lab studies, bamlanivimab/etesevimab, casirivimab/imdevimab not active against
Omicron. Sotrovimab active vs. Omicron BA.1 but not against other subvariants

Dougan M et al, NEJM, 2021; Weinreich et al., NEJM 2021; Gupta A et al, NEJM, 2021;



Phase 2 Clinical Trial Data for Bebtelovimab

A)
I Spike Protein I Change f'rom o
baseline in SARS 3 .. Treaimen
SATTN . TATK E484A CoV-2 Viral Load I | -
o Y505H
S % é -30
g } f ) E -35
\ ; \\ .K ’ i Study Day ' !
N §\He Le
B lovi . o BEB+BAM+
: ebtelovimab I Low risk participants — ETE I(’rIIa=c1eZbG<;
RBD ssitf glycan (n=127)
. Symptom resolution, 6 7 8
Iketani S et al, Nature, 2022; .
doi: https://doi.org/10.1038/s41586-022-04594-4 median days (95% Cl) (5,7) (6, 8) (7,9)
https://twitter.com/abrahamlabhms
Westendorf, Cell Rep, 2022; COVID-19 2/125 3/127 2/128
doi: https://doi.org/10.1016/j.celrep.2022.110812 Hospitalization/Death (1.6%) (2.4%) (1.6%)
Dougan, medRxiv, 2022



https://twitter.com/abrahamlabhms

LY-CoV1404 (bebtelovimab) potently
neutralizes al-Hareowsr spike (S) protein

variants of concern: MOSt
+ SARS-CoV-2 O 23 By e » B.1.526
 D614G » B.1.351 =5
« B.1.427 /B.1.429 - B.1.617.2 . B.1.1.529
* BA.2 Omicron
Subvariant
S protein

LY-CoV1404 S8

-

»
L 'Y J
receptor binding

e Bebtelovimab active in vitro
against BA.1-5.

* New variants (BQ.1, BQ.1.1)
may be resistant to
bebtelovimab

Modified from slide from Dr. Arthur Kim

Iketani Nature 2022; Arora Cell Host Microbe 2022; Dougan
medRxiV 2022; NIH Treatment Guidelines; Westendorf Cell

Rep 2022



https://www.nature.com/articles/s41586-022-04594-4
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(22)00223-2
http://www.apple.com/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/nonhospitalized-adults--therapeutic-management/
https://www.sciencedirect.com/science/article/pii/S2211124722005836?via=ihub

Evolution of
Omicron Subvariants

From BA.5: BQ.1, BQ.1.1, BF.7

From BA.2: BA.2.75.2

From BA.4: BA.4.6
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New Omicron variants
resistant to bebtelovimab

United States: 8/7/2022 — 11/12/2022

8/27/22

9/3/22

9/10/22

9/17/22
9/24/22
10/1/22
10/8/22

Collection date, week ending

10/15/22

BA.4.6 BQ.1

10/22/22

10/29/22

11/5/22

11/12/22

B>

USA
US Class  %Total 95%PI
Omicron BA.S VOC 29.7% 27.2-32.3%
BQ.1.1 VOC 24.1% 21.3-27.3%
BQ.1 VOC 20.1% 17.2-23.4%
BF.7 VOC 7.8% 6.8-9.0%
BA4.6 VOC 55% 5.0-6.2% '
BN.1 VOC 43% 3.0-6.2%
BA526 VOC 29% 25-34% U¥
BA.2 VOC 13% 0.8-1.9%
BA.2.75 VOC 12% 1.0-1.5%
BA.2.75.2 VOC 09% 0.6-1.2%
BA4 VOC 0.1% 0.1-0.1%
BA.1.1 VOC 0.0% 0.0-0.0%
B.1.1.529 VOC 0.0% 0.0-0.0%
BA.2.12.1 VOC 0.0% 0.0-0.0%
Delta B.1.617.2 VBM 0.0% 0.0-0.0%
Other Other* 20% 1.1-3.3%

*  Enumerated lineages are US VOC and lineages circulating above 1%
nationally in at least one week period. "Other” represents the aggregation of
lineages which are circulating <1% nationally during all weeks displayed.

**  These data include Nowcast esti which are led proj

that may differ from weighted estimates generated at later dates

# BA.1, BA.3 and their sublineages (except BA.1.1 and its sublineages)
are aggregated with B.1.1.529. Except BA.2.12.1, BA.2.75, BA.2.75.2, BN.1
and their sublineages, BA.2 sublineages are aggregated with BA.2. Except

BA.4.6, sublineages of BA .4 are aggregated to BA.4. Except BF.7, BA.5.2.6,

BQ.1 and BQ.1.1, sublineages of BA.5 are aggregated to BA.5. For all the
lineages listed in the above table, their sublineages are aggregated to the
listed parental lineages respectively. Previously, BN.1 was aggregated with
BA.2.75. Lineages BA.2.75.2, BN.1, BA.4.6, BF.7, BA.5.2.6 and BQ.1.1
contain the spike substitution R346T.

Modified from slide by Dr Jon Li

Nov 12: BQ.1, BQ.1.1:
about 44% of US isolates

Omicron Beb

BA.5

BA.4.6

BA.2.75.2

BQ.1, 1.1

XBB

v
v
v
X
X




New variant susceptibility to Bebtelovimab

Lineage with
spike protein
substitution

BQ.1

BQ.1.1

WHO
nomenclature

Omicron
[BA.5+K444T+N4
60K]

Omicron
[BA.5+R346T+K4
44T+N460K]

Key
substitutions
tested

BA.5 + K444T +
N460K

BA.5 + R346T +
K444T + N460K

Fold reduction in
susceptibility

>672

>672

https://www.fda.gov/media/156152/download



CDC Nowcast
(11/12/2022)

WHO label Lineage # US Class %Total 95%PI

?

Omicron BA.5 VOC 29.7% 27.2-32.3%
BQ.1.1 VOC 241% 21.3-27.3%
BQ.1 VOC 20.1% 17.2-23.4%
BF.7 VOC 7.8% 6.8-9.0%
BA4.6 voc 55% 5062% |EGEGN
BN.1 VOC 4.3% 3.0-6.2%
Regional proportions from
specmens collcled the week BA526 VOC  29%  25-34%
S BA.2 VOC 1.3%  0.8-1.9%
US Territori t shown are
incluggé (i’r:I?-lanSOr:gi(:)ns: BA.2.75 voc 1.2% 1.0-1.5%
- . PR, VI - Region 2 BA.2.75.2 VOC 0.9% 0.6-1.2%
Highlight Vari... AS, FM, GU, MH, MP, PW -
;.‘ Region 9 BA.4 VOC 0.1% 0.1-0.1%

All
Variants Regions Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 Region 7 Region 8 Region 9 Region 10

BQ.1 20.1% 24.6% 31.4% 17.8% 17.2% 163% 23.8% 11.2% 13.4% 20.0% 14.8%
BQ.1.1 24.1% 15.6% 28.5% 26.6% 24.2% 213% 22.5% 13.0% 27.9% 24.4% 21.2%

Total 44.2% 402% 59.9% 44.4% 41.4% 37.6% 46.3% 24.2% 41.3% 44.4% 36.0%
Table adapted from Marylu Schaffhauser, Alice Pau (NIH)

https://covid.cdc.gov/covid-data-tracker/#variant-proportions



Small molecule antivirals anticipated to be active against new variants

1) Nirmatrelvir/r 2) Remdesivir 3) Molnupiravir
Efficacy  °*Relative risk reduction: < Relative risk reduction: 87% ¢ Relative risk reduction:
(prevention 88% * Absolute risk: 5.3%—>0.7% 30%
:zzp:f:::th) « Absolute risk: *NNT: 22 * Absolute risk: 9.7%->6.8%
6.3%—>0.8% *NNT: 35
* NNT: 18
Pros * Highly efficacious * Highly efficacious * Oral regimen
* Oral regimen * Studied in pregnancy * Not anticipated to have
* Ritonavir studied (safe) in ®* Few/no drug interactions drug interactions
pregnancy
Cons * Drug drug interactions  * Requires IV infusion on 3 * Lower efficacy
consecutive days * Concern: mutagenicity

* Not recommended in
pregnancy/children

Modified from Table in Gandhi RT, Malani P, del Rio C, JAMA, Jan 14, 2022



Treatment Across the COVID-19 Spectrum

Exposure Asymptomatic/ Mild Moderate Severe Critical
Presymptomatic lliness lliness lliness iliness
+ SARS-CoV-2 test but Mild symptoms (e.g., 0, saturation O, saturation <94%, Respiratory failure,
no symptoms fever, cough, > 94%, lower respiratory rate shock, multi-organ
Pre-exposure taste/smell changes); respiratory tract >30/min; lung dysfunction/failure
. no dyspnea disease infiltrates >50%
prophylaxis:
. NON-HOSPITALIZED > HOSPITALIZED ——
COVID-19 VACCINES .
Remdesivir
Tixagevimab/
Cilgavimab Therapeutic
(Evusheld) anticoagulation
(select patients)
1) Nirmatrelvir/ritonavir
2) Remdesivir Dexamethasone
3) Bebtelovimab In some patients: IL-6
4) Molnupiravir inhibitor or Jak inhibitor

Gandhi RT, CID, 2020; Gandhi RT, Lynch J, del Rio C. NEJM 2020




PROVENT: Tixagevimab/cilgavimab 'l H

Intramuscular AZD7442 (Tixagevimab—

(AZD7442) for Pre-exposure prophylaxis Cilgavimab) for Prevention of Covid-19

» Tixagevimab/cilgavimab: anti- 83% reduction in symptomatic Covid in

SARS CoV-2 monoclonal tixagevimab/cilgavimab group
antibodies (half life =90 days) 1 1 Hazard rato, 017 (95% C1, 0.08-0.33) Placebo: 1.8%
. . . -g 80—‘ 3_
* 5197 participants randomized 22 ] i rwjrrmf
%é 60+ onussind
2:1 to receive single IM dose 3 = S Tixa/Cil: 0.3%
of tixagevimab + cilgavimab £e o e =& © & &
(150/150 mg) or placebo £
(o~ et
. 0 11 30 60 90 120 150 180
¢ UnvaCC|natEd Days since Injection
No. at Risk
« 3.8% immunocompromised fon” mm uwm o 0 9m om0 @ o=

Levin M et al, NEJM, April 20, 2022



TixagEVimab/CilgaVimab for 4 U.S. FOOD & DRUG
COVID-19 Pre-Exposure Prophylaxis

* FDA EUA:

* Who have moderate to severe immune compromise due to a medical condition

or receipt of immunosuppressive medications or treatments and
* May not mount an adequate immune response to COVID-19 vaccination or

* For whom vaccination is not recommended due severe adverse reaction

* Wait 2 weeks after vaccination to administer tixagevimab/cilgavimab

https://www.fda.gov/media/154701/download



Moderate to Severe Immunocompromising
Conditions and Treatments

Active treatment for cancer

Solid-organ transplant recipient and taking immunosuppressive therapy
Receipt of CAR-T-cell or hematopoietic stem cell transplant

Moderate or severe primary immunodeficiency

Advanced or untreated HIV (CD4 <200; history of AIDS defining illness without
immune reconstitution; clinical manifestations of symptomatic HIV)

High-dose corticosteroids (>=20 mg prednisone/d for >=2 wk), alkylating
agents, antimetabolites, transplant-related immunosuppressive drugs, cancer
chemotherapy, TNF blockers, other immunosuppressive/immunomodulatory
agents (e.g., B-cell depleting agents)

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#immunocompromised



New Omicron variants resistant to
tixagevimab/cilgavimab
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United States: 8/7/2022 — 11/12/2022

8/27/22

9/3/22

9/10/22

9/17/22
9/24/22
10/1/22
10/8/22

Collection date, week ending

10/15/22

g
o
©
o
<
o

10/22/22

10/29/22

11/5/22

11/12/22

b

USA
WHO label Lineage # US Class %Total  95%PI

Omicron  BA.S VOC 29.7% 27.2-32.3%
BQ.1.1 VOC 24.1% 21.3-27.3%
BQ.1 VOC 20.1% 17.2-23.4%
BF.7 VOC 7.8% 6.890% |
BA4.6 VOC 55% 5.0-6.2% %
BN.1 VOC 43% 3.0-6.2%
BA5.2.6 VOC 29% 2.5-34% \
BA.2 VOC 13% 0.8-1.9%
BA.2.75 VOC 1.2% 1.0-1.5%
BA.2.75.2 VOC 0.9% 0.6-1.2%
BA.4 VOC 0.1% 0.1-0.1%
BA.1.1 VOC 0.0% 0.0-0.0%
B.1.1.529 VOC 0.0% 0.0-0.0%
BA.2.12.1 VOC 0.0% 0.0-0.0%

Delta B.1.617.2 VBM 0.0%  0.0-0.0%

Other Other* 20% 1.1-3.3%

*  Enumerated lineages are US VOC and lineages circulating above 1%
nationally in at least one week period. "Other” represents the aggregation of
lineages which are circulating <1% nationally during all weeks displayed.

**  These data include Nowcast esti which are led proj

that may differ from weighted estimates generated at later dates

# BA.1, BA.3 and their sublineages (except BA.1.1 and its sublineages)
are aggregated with B.1.1.529. Except BA.2.12.1, BA.2.75, BA.2.75.2, BN.1
and their sublineages, BA.2 sublineages are aggregated with BA.2. Except
BA.4.6, sublineages of BA.4 are aggregated to BA.4. Except BF.7, BA.5.2.6,
BQ.1 and BQ.1.1, subli of BA.5 are aggreg: to BA.5. For all the
lineages listed in the above table, their sublineages are aggregated to the
listed parental lineages respectively. Previously, BN.1 was aggregated with
BA.2.75. Lineages BA.2.75.2, BN.1, BA.4.6, BF.7, BA.5.2.6 and BQ.1.1
contain the spike substitution R346T.

Modified from slide by Dr Jon Li

Nov 12: BQ.1, BQ.1.1, BA.4.6,
BF.7, BA.5.2.6 and BA.2.75.2:
about 61.2% of US isolates

Omicron Tixa/cil

BA.5

BA.4.6

BA.2.75.2

BQ.1, 1.1

XBB

53



CDC Nowcast
(11/12/2022)

WHO label Lineage # US Class %Total 95%PI

Omicron  BA.5 VOC 29.7% 27.2-32.3%
BQ.1.1 VOC 24.1% 21.3-27.3%
BQ.1 VOC 20.1% 17.2-23.4%

?

BF.7 VOC 7.8% 6.89.0%
BA4.6 voc 55% 5062% [N
v v BN.1 VOC 43% 3.0-6.2%
pciktans o daeta o ok BA5.2.6 VOC 29% 25-3.4%
gy Rt BA.2 VOC 13% 0.81.9%
ekl BA2.75 VOC 12%  1.0-15%
Highlight Vari.. e BA.2.75.2 VOC 0.9% 0.6-1.2%
freons BA.4 VOC 0.1%  0.1-0.1%
All
Variants Regions Region1l Region2 Region3 Region4 Region5 Region6 Region7 Region8 Region9 Region 10
BA.2.75.2 0.9% 0.4% 1.2% 0.8% 0.7% 1.0% 0.5% 0.6% 1.2% 1.1% 0.9%
BA.4.6 5.4% 6.3% 4.5% 6.8% 7.4% 5.3% 4.2% 11.9% 3.7% 2.2% 3.4%
BQ.1 20.1% 24.6% 31.4% 17.8% 17.2% 16.3% 23.8% 11.2% 13.4% 20.0% 14.8%
BQ.1.1 24.1% 15.6% 28.5% 26.6% 24.2% 21.3% 22.5% 13.0% 27.9% 24.4% 21.2%
BA.5.2.6 2.9% 4.9% 2.9% 3.3% 2.5% 2.6% 2.9% 2.4% 5.3% 2.4% 3.5%
BF.7 7.8% 10.2% 5.7% 8.7% 8.4% 9.2% 7.8% 7.9% 5.2% 6.6% 10.0%
Total 61.2% 62.0% 74.2% 64.0% 60.4% 55.7% 61.7% 47.0% 56.7% 56.7% 53.8%

Table adapted from Marylu SChaffhauser; Alice Pau (NIH) https://covid.cdc.gov/covid-data-tracker/#variant-proportions



The COVID-19 Treatment Guidelines Panel’s Statement on

CoronavirusDisease2019(COVID-19)'?; S X Omicron SUbvariantS, PrE'EXposure ProphylaXiS/ and

Treat t Guidelines

)7

For Pre-Exposure Prophylaxis

Tixagevimab + cilgavimab is the only agent authorized by
the FDA for use as COVID-19 PrEP ....

In the absence of an alternative option for PrEP, the Panel
continues to recommend the use of tixagevimab plus
cilgavimab as PrEP for eligible individuals (BlIb)

Given the increasing prevalence of these resistant SARS-
CoV-2 subvariants, the decision to administer tixagevimab
plus cilgavimab to a given patient should be based on the
regional prevalence of the resistant subvariants, the
individual patient’s risks, the available resources, and
logistics.

Individuals who receive tixagevimab plus cilgavimab as
PrEP should continue to take precautions to avoid
exposure to SARS-CoV-2. If they experience signs and
symptoms consistent with COVID-19, they should be
tested for SARS-CoV-2 infection and, if infected, promptly
seek medical attention and treatment, if appropriate.

Therapeutic Management of Nonhospitalized Patients With
COVID-19. Last Updated: November 10, 2022

For Treatment of Mild to Moderate COVID-19
in Nonhospitalized Adults Who Are at High

Risk of Progressing to Severe COVID-19

* The Panel continues to recommend the following
anti-SARS-CoV-2 therapies as preferred treatments
for COVID-19. These drugs are listed in order of
preference:

* Ritonavir-boosted nirmatrelvir (Paxlovid) (Alla)

* Remdesivir (Bllb)

* The following alternative therapies should be used
ONLY when neither of the preferred therapies are
available, feasible to use, or clinically appropriate.
These drugs are listed in alphabetical order:

+ Bebtelovimab, but ONLY when the majority of
circulating Omicron subvariants in the region are
susceptible (ClII)

* Molnupiravir (Clla)



Conclusions

* Once high proportion of circulating variants are anticipated to be resistant,
bebtelovimab is no longer reliable option for treating high-risk non-hospitalized
patients with mild-to-moderate COVID-19

* Small molecule antivirals (nirmatrelvir/ritonavir, remdesivir, molnupiravir)
anticipated to still be active

* Whenever possible, efforts should be made to manage nirmatrelvir/rit. drug-drug
interactions or set up systems to provide remdesivir to high-risk patients

* Immunocompromised individuals who receive tixagivimab/cilgavimab for pre-
exposure prophylaxis should be counseled to continue measures to avoid
infection (including staying up to date with vaccination) and to seek testing and
treatment if symptoms of COVID-19 develop



Impact of Subvariant Evolution
on COVID-19 Outpatient
Therapeutic Decision-Making
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Alternate Title:
"COVID-19 Treatment in a mAb-less Winter”

* Establish patient degree of risk for severe COVID-19
 Understand subvariant prevalence in region = mAb role?

* Connectill and at-risk patients to appropriate authorized
therapeutic

* Antiviral: Intravenous and oral options

* Antibody: mAb vs. high-titer convalescent plasma



COVID-19 Risk Continuum

LOWER HIGHER
RISK RISK

Age
(years)

Medical Conditions
(e.g., diabetes, chronic
kidney disease, obesity,

lung disease, pregnancy)

. Full vaccination Full Partial .
Vaccination Status A gl |, S Unvaccinated
plus boosting vaccination vaccination
. Corticosteroids Lymphodepletion (e.g., anti-CD20*)
Immunosuppression
(illustrative therapies Biologics Antimetabolites Solid organ transplant  Stem cell transplant

and conditions) (e.g., anti-tumor (e.g., mycophenolate)
necrosis factor)

AIDS Hematological
malignancy

Sociodemographic factors and non-pharmaceutical interventions affect exposure risk

CQVI D = 1 RL::;FEilemm
Brought to you by CDC and J& | DSA

Original illustration by Dr. William Werbel. Adapted for the




Continued focus COVID-19 in the immunocompromised

The New Hork Times

® OUtSIZed mOrbIdlty and mOrtallty, ()lﬂriffl'(ﬂ_)_l.\’ll.l Milder for Everyone
attenuated vaccine protection e

* Potential for prolonged replication and
disease (months with B cell depletion) =
generate resistant variants?

* Lack of dedicated vaccine or therapeutic
trials to confirm effectiveness

Massie et al., AJT, 2021
Hensley et al., CID, 2021
Choi et al.,, NEJM, 2021
Werbel & Segev, NYT, 2022

tive SARS-CoV-2 RT-PCR



lllustrative Population: Solid Organ Transplant

(SOT) Recipients

* Intersection of high-risk medical
comorbidities and immunosuppression
* Severe COVID-19 outcomes

* End organ dysfunction, multiple
medications

* Relatively common condition — ~400,000
SOTRs in US

* Immunosuppressants utilized in other
common conditions (e.g., autoimmune
disease, stem cell transplant)

Excess deaths by month, 2020-21
=() indicates fewer deaths than expected

T T T T T T T T T T T T T
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
2020 2021

Kates et al., CID, 2020

Raja et al., Txp Rev, 2020

Massie et al., AJT, 2022
Heldmanetal., TID, 2021

Mehta et al., Transplantation, 2021



Example Case

e 72-year-old male with history of obesity (BMI 31), diabetes, and renal failure
requiring kidney transplant 3 years ago.

* Calls your clinic with two days of malaise and new fever today. Denies dyspnea.
* Rapid home antigen test is positive for SARS-CoV-2 infection.
* Has received 2 mRNA vaccines (last 6 months ago, no bivalent booster)

* Takes prednisone, tacrolimus, mycophenolate, atorvastatin, losartan, aspirin



NIH COVID-19 Treatment Guidelines (9.26.22 Update)

Panel's Recommendations

For All Patients:

CDC/IDSA COVID-19 Real-Time
For Patients Who Are at High Risk of Progressing to Severe COVID-19° Learning Network Outpatient Roadmap

Preferred therapies. Listed in order of preference:
https://www.idsociety.org/globalassets/
covid-19-real-time-learning-
network/outpatientroadmap-v10.pdf

Alternative therapies. For use ONLY when neither of the preferred therapies are available, feasible to use, or clinically appropriate.

Listed in alphabetical order:




FDA Fact Sheets
NIH Treatment Guidelines

Choosing the Right Antiviral e

Radcliffe et al., AJT 2022

. Patien
Effectiveness* .at € t. Other Notes
Considerations

v Mild-mod FDA-approved, inc for

Remdesivir transaminase infants >28 days
common (inpt 5-
10 dy course) <7 days of sx onset

3 days, Logistics

®
(Veklury®) daily

Not % dose N if GFR 30-59

Nirmatrelvir/ Oral recommended for
Ritonavir 5 days, Child C liver
(Paxlovid™) twice daily disease or GFR<30

Drug-drug

) ) <5 days of sx onset
interactions y

Gl AE, rebound?

?Mutagenicity

Oral No dose change Lower .
8 #<18yr; + contraception

5 days, for renal or liver effectiveness
twice daily disease

Molnupiravir
(Lagevrio™)
<5 days of sx onset

*Effectiveness data in immunocompromised persons consist primarily of case series



Can We Give Nirmatrelvir/Ritonavir (Paxlovid™)

to this Patient?

* “Yes, but...”

* Significant interaction with calcineurin
inhibitors, mTORI

* Not absolute contraindication, but can be
dangerous (levels T 1 1)

* Multiple other drug interactions must be
evaluated (anticoagulants,
anticonvulsant, statins, antiarrhythmics)
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Any Reason for Admission Admitted for COVID

] E:;gn:al\r;i‘:riwrf I sotrovimab [ No Treatment

FDA EUA Fact Sheet

Hedvat et al., AJT, 2022

NIH Treatment Guidelines

AST Statement on Oral Antivirals



Know/Find Paxlovid™
Interactions!

Liverpool Drug Interactions
Ontario COVID-19 Science Table
NIH Treatment Guidelines

Talk to a pharmacist

Make a plan before an acute illness
(i.e., now, for your high-risk patients)

NIH Treatment Guidelines

Prescribe Alternative COVID-19 Therapy

For these medications, management strategies are not possible or

the risks outweigh the potential benefits.

Anticonvulsants Cardiovascular

+ Carbamazepine + Amiodarone
« Phenobarbital + Clopidogrel®P
s Phenytoin Disopyramide
* Primidone Dofetilide

Dronedarone
Anti-infectives
Eplerenone

s Glecaprevir/pibrentasvir Flecainide Bosent

» Rifampin lvabradine Certai

» Rifapentine Propafenone

Immunosuppressants Quinidine

* Voclosporin Neuropsychiatric

* Clozapine
+ |urasidone
+* Midazolam (oral)

* Pimozide




Other EUA Therapies:
Convalescent Plasma

1830— 3,247
[

* Complicated history = EUA for high-
titer CP, treat immunocompromised
persons (inpt or outpt)
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* Polyclonal, possibly lower variant
evasion risk than mAbs, especially if
donors with hybrid immunity
(vaccine+infection)

* Complement to other antiviral cullivan et al. NEJM. 2022
medications Sullivan et al., Nat Comm, 2022



Summary

* Loss of active mAb due to Omicron subvariants requires alternate
treatment approach for complex patients

* Antiviral drugs expected to maintain activity vs subvariants
* Polyclonal plasma might be more preserved than mAb, data lacking

* Determine risk for severe COVID-19 = tailor antiviral selection
* Make a plan now for high-risk patients
* Remdesivir may be best option for complex patient e.g., SOTR

 Nuanced decision-making in other drug selection (e.g., Paxlovid™ drug-
drug interactions versus lower Molnupiravir effectiveness)



Closing Recommendation

* Maximize vaccination, bivalent boosters, and ring protection of
vulnerable

* Masking, physical distancing, testing before gatherings

* Ensure easy access to COVID-19 therapeutics for high-risk patients;
make a plan now



Therapeutic Horizons

* Multiple companies developing “pan-Omicron” mAb for treatment
and/or prevention

* Combination antiviral therapy may serve role, needs dedicated
study
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Antibody Susceptibility
Testing

Robert Shafer, MD
Division of Infectious Diseases, Department of Medicine
Stanford University

Member, NIH & Infectious Diseases Society of America COVID-19 Treatment Guidelines Panels
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Antibody Susceptibility Testing
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Pseudotyped Virus

Virus preparation mAb Target cells

Plasmids encoding non-surface
proteins for lentivirus production Y

4
\ 3
v A v
" Y X o s
o Ju -~ Y ACE2

293T cells \/- oD ‘\If’
Plasmid o 2= =\ N Infection of 293T
encoding — — \ \>r/ >r/ =3 cells expressing
SARS- @ *}r/ }/’ \Y/\\ ACE2. Infected cells
CoV-2 \ = express ZsGreen
Spike \ ‘k =N and/or Luciferase.

o ~r
Spike-pseudotyped

Lentiviral backbone plasmid lentiviral particies
expressing ZsGreen or
Luciferase-IRES-ZsGreen

Crawford K. Protocol and Reagents for Pseudotyping Lentiviral Particles with SARS-CoV-2 Spike Protein for Neutralization Assays. Viruses 2020
Schmidt F. Measuring SARS-CoV-2 neutralizing antibody activity using pseudotyped and chimeric viruses. J Exp Med 2020



Infectious Virus

Clinical isolate Recombinant virus

SARS-CoV-2 genome

= T o = B

Stage 1: design & bacter

@@@O@Q@

Stage 2: preparation of high

Confirmatory sequencing

Plaque purification\ .
Confirmatory sequencing E% Titration

Titration @

Xie X. Engineering SARS-CoV-2 using a reverse genetic system.
Nat Protocol 2021



Assay Conditions

* 50% tissue culture infectious dose (TCID,)
Virus inoculum e Multiplicity of infection (MOI)
e Relative light units (RLU)

¢ \ero cells, 293T cells
e Expression level of ACE2 and TMPRSS2

Target cells

e Cytopathic effect (CPE)

Measurement e Light or fluorescence




Dose-Response Curves and |C50s

Inhibition rate (%)

Inhibition rate (%)
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Cao Y. Omicron escapes the majority of existing SARS-CoV-2 neutralizing antibodies. Nature 2021
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Fold-Reductions in Susceptibility: Reproducibility
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Conclusions

Neutralizing Ab susceptibility results are influenced by multiple aspects of
assays design.

Results obtained using different approaches are usually concordant.

mAbs achieve extremely high levels in vivo; Substantial losses in activity may
be required to completely compromise their activity.

Neutralizing antibody tests do not assess potential non-neutralizing activities
which may be relevant for some mAbs.
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Summary of COVID-19 Preventative Agents & Outpatient Treatments

Exposed Mi
ild to Moderate : _— o
No lliness Hospital Admission ICU Admission
Per CDC Close Contact
Criteria Symptoms

Hospitalized, .

Baseline health status, no Hosp. no act. gShiese Hospitalized ol Hn?zggzlr:izceald’

infection* ' Not hospitalized Not hospitalized for COVID* medical not on P ’ oxygen/ non-

on oxygen ventilation/

ECMO

problems oxygen

invasive
ventilation

% \ / \ (w A Please see NIH Current Inpatient Therapies
- » Paxlovid (nirmatrelvir (https://lwww.covid19treatmentguidelines.nih.gov/therapies/)
Monoclonal None currently i rlton.avw, Pflze.r) '

Antibodies for authorized for * Lagevrio (molnupiravir,

PrEP use in any US \_ Merck) — Alternative : :

« Evusheld state or territory. | , { There is currently am plg supply of a_ll_authorl_zed
(tixagevimab + Monoclonal Antibodies |  and approved therapeutics — every eligible patient
cilgavimab, AZ) * Bebtelovimab (Lilly) — should have access to these medications

\_ /| Alternative )
e P D
IV Antiviral
3 HHS distribution c Veklury® | eresessrssisssseseeessenes >
(3 commercially available L (remdesivir, Gilead) |

Therapeutic Management of Nonhospitalized Adults With COVID-19
*refer to individual product Fact Sheets for authorization details Therapeutic Management of Hospitalized Adults With COVID-19

ASPR 83



https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/nonhospitalized-adults--therapeutic-management/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/hospitalized-adults--therapeutic-management/
https://www.covid19treatmentguidelines.nih.gov/therapies/

Related Resources

« HHS Therapeutics Homepage

 Product Expiration Date Extensions

 Test to Treat Initiative webpage and Fact Sheet

 Test to Treat Site Locator and Digital Tool Kit
Hel pr| e General Therapeutics Locator

|nf0rmati0n « HHS Clinical Implementation Guide
and

Resources

 Qutpatient Therapeutics Decision Aid

 Side-by-Side Overview of OQutpatient Therapeutics

e ASPR Regional Emergency Coordinators

e CMS reimbursement information for mAbs

CMS reimbursement information for oral antivirals

Latest COVID-19 Therapeutics Updates Found at


https://aspr.hhs.gov/COVID-19/Therapeutics/updates/Pages/default.aspx
http://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/expiration-dating-extension#COVIDtherapeutics
https://covid-19-test-to-treat-locator-dhhs.hub.arcgis.com/
https://aspr.hhs.gov/TestToTreat/Pages/digital-toolkit.aspx
https://covid-19-therapeutics-locator-dhhs.hub.arcgis.com/
https://aspr.hhs.gov/COVID-19/Therapeutics/Documents/USG-COVID19-Tx-Playbook.pdf
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Faspr.hhs.gov%2FCOVID-19%2FTherapeutics%2FDocuments%2FCOVID-Therapeutics-Decision-Aid.pdf&data=04%7C01%7CDeepa.Varghese%40HHS.GOV%7C6a07c15361164955895e08da01e354b4%7Cd58addea50534a808499ba4d944910df%7C0%7C0%7C637824373125064231%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=OfhUAlxs%2BYSStlI%2BAAoX511K9gf50pdvQeZKqTiLKb0%3D&reserved=0
https://www.phe.gov/emergency/events/COVID19/therapeutics/Pages/Side-by-Side-Overview-of-mAbs-Treatment.aspx
https://www.phe.gov/Preparedness/responders/rec/Pages/default.aspx
https://www.cms.gov/medicare/medicare-part-b-drug-average-sales-price/covid-19-vaccines-and-monoclonal-antibodies
https://www.cms.gov/files/document/hpms-memo-oral-antiviral-guidance.pdf

Q&A/
Discussion



Selected Resources

Monkeypox Update — Dr. Cope:

* https://www.cdc.gov/poxvirus/monkeypox/response/2022/mpx-trends.html

* https://www.cdc.gov/poxvirus/monkeypox/response/2022/mpx-trends.html

* Treatment Information for Healthcare Professionals | Monkeypox | Poxvirus | CDC

* Kirk Chan-Tak, MD, U.S. Food and Drug Administration
https://societycentral.zoom.us/rec/share/IwGP3XMUCXcF4bxqVrBWz2Ee0O2M9ILSmNgGng3-
2RukWUUML2t2gKoNsjkDU7 jV.FRGPMIimWRP_NtzAJ?startTime=1668026706000

Passcode: pFvdP4%"

Update on Emerging SARS-CoV-2 Subvariants — Dr. Thornburg
* https://www.covid19treatmentguidelines.nih.gov/therapies/statement-on-omicron-subvariants

Impact of SARS-CoV-2 Subvariants on Therapeutic Effectiveness

Dr. Gandhi

* https://twitter.com/abrahamlabhms

* |ketani Nature 2022; Arora Cell Host Microbe 2022; Dougan medRxiV 2022; NIH Treatment Guidelines; Westendorf Cell Rep
2022

* https://www.fda.gov/media/154701/download

* https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#fimmunocompromised

* https://covid.cdc.gov/covid-data-tracker/#variant-proportions

Dr. Werbel
e https://www.idsociety.org/globalassets/covid-19-real-time-learning-network/outpatientroadmap-v10.pdf



https://www.cdc.gov/poxvirus/monkeypox/response/2022/mpx-trends.html
https://www.cdc.gov/mmwr/volumes/71/wr/mm7144e1.htm?s_cid=mm7144e1_w
https://www.cdc.gov/poxvirus/monkeypox/clinicians/treatment.html#anchor_1655488353796
https://societycentral.zoom.us/rec/share/lwGP3XMUCXcF4bxqVrBWz2EeO2M9lLSmNgGng3-2RukWUUML2t2gKoNsjkDU7_jV.FRGPMimWRP_NtzAJ?startTime=1668026706000
https://www.covid19treatmentguidelines.nih.gov/therapies/statement-on-omicron-subvariants
https://twitter.com/abrahamlabhms
https://www.nature.com/articles/s41586-022-04594-4
https://www.cell.com/cell-host-microbe/fulltext/S1931-3128(22)00223-2
http://www.apple.com/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management/nonhospitalized-adults--therapeutic-management/
https://www.sciencedirect.com/science/article/pii/S2211124722005836?via=ihub
https://www.fda.gov/media/154701/download
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#immunocompromised
https://covid.cdc.gov/covid-data-tracker/#variant-proportions
https://www.idsociety.org/globalassets/covid-19-real-time-learning-network/outpatientroadmap-v10.pdf

Selected Resources

Dr. Pennini:

https://aspr.hhs.gov/COVID-19/Therapeutics/Pages/default.aspx
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management-of-adults/nonhospitalized-adults--
therapeutic-management/
https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/expiration-dating-

extension#COVIDtherapeutics

https://covid-19-test-to-treat-locator-dhhs.hub.arcgis.com/ and https://aspr.hhs.gov/TestToTreat/Pages/digital-toolkit.aspx
https://covid-19-therapeutics-locator-dhhs.hub.arcgis.com/
https://aspr.hhs.gov/COVID-19/Therapeutics/Documents/USG-COVID19-Tx-Playbook.pdf

https://aspr.hhs.gov/COVID-19/Therapeutics/Documents/side-by-side-overview.pdf

https://aspr.hhs.gov/REC/Pages/default.aspx

https://www.cms.gov/medicare/medicare-part-b-drug-average-sales-price/covid-19-vaccines-and-monoclonal-antibodies

https://www.cms.gov/files/document/hpms-memo-oral-antiviral-guidance.pdf

Program Links:

This webinar is being recorded and can be found with the slides online at https://www.idsociety.org/cliniciancalls
COVID-19 Real-Time Learning Network: https://www.idsociety.org/covid-19-real-time-learning-network/
Vaccine FAQ: https://www.idsociety.org/covid-19-real-time-learning-network/vaccines/vaccines-information--faq/



https://aspr.hhs.gov/COVID-19/Therapeutics/Pages/default.aspx
http://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/expiration-dating-extension#COVIDtherapeutics
https://aspr.hhs.gov/COVID-19/Therapeutics/Documents/USG-COVID19-Tx-Playbook.pdf
https://aspr.hhs.gov/COVID-19/Therapeutics/Documents/side-by-side-overview.pdf
https://www.phe.gov/Preparedness/responders/rec/Pages/default.aspx
https://www.cms.gov/medicare/medicare-part-b-drug-average-sales-price/covid-19-vaccines-and-monoclonal-antibodies
https://www.cms.gov/files/document/hpms-memo-oral-antiviral-guidance.pdf
https://www.idsociety.org/cliniciancalls
https://www.idsociety.org/covid-19-real-time-learning-network/
https://www.idsociety.org/covid-19-real-time-learning-network/vaccines/vaccines-information--faq/
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FOR WHOM?

Clinicians who have questions about the clinical
management of COVID-19

WHAT?

HO

Calls from clinicians will be triaged by CDC to a group of
IDSA volunteer clinicians for peer-to-peer support

W?

Clinicians may call the main CDC information line at 800-
CDC-INFO (800-232-4636)

To submit your question in writing, go to
www.cdc.gov/cdc-info and click on Contact Form

1DSA

Infectious Diseases Society of America

cdc.gov/coronavirus



THANK YOU

We want to hear from you!

Please complete the post-call survey.

A recording of this call, slides and the answered Q&A will be posted at
www.idsociety.org/cliniciancalls

-- library of all past calls available --

Contact Us:

Dana Wollins (dwollins@idsociety.org)
Deirdre Lewis (dlewis@idsociety.org)



http://www.idsociety.org/cliniciancalls
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