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High rates of COVID-19 vaccination in high/upper-middle income countries

-4 72.2% of the global population
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https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html with access February 19th 2023; Hunter DJ, et al. N Engl J Med. March 24 2022; 386:1176-1179.




WHO COVID-19 Weekly Epidemiological Update

Figure 1. COVID-19 cases reported by WHO Region, and global deaths by 28-day intervals, as of 19 February 2023**
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Global COVID-19: = 960 daily deaths!

Daily new confirmed COVID-19 deaths per million people Our World

in Data

7-day rolling average. Due to varying protocols and challenges in the attribution of the cause of death, the number of confirmed deaths may
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China’s official count

° 83,150 deaths

2.5 million

Model based on Shanghai outbreak
1.6 million deaths
1 8 |
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Estimate using travel patterns

970,000 deaths
| @ |

Estimate using recent testing data
1.5 million deaths
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Estimate based on U.S. death rates
1.1 million deaths

https://www.nytimes.com/interactive/2023/02/15/world/asia/china-covid-death-estimates.html



nature

nature » news » article

But others think that the pandemic has already moved beyond the legal criteria used
to define an infectious-disease outbreak as a PHEIC (pronounced ‘fake’). The WHO'’s

decision came on the same day that President Joe Biden announced that the United

States would end its own COVID-19 emergency declarations on 11 May.

The World Health Organization has decided the crisis isn’t over yet —butit’'sata

transition point.

PHEIC = Public Health Emergency of International Concern Adam D. Nature. February 15 2023
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Aims of the SARS-CoV-2 Phylogenetic Evolution

* And third, without losing pathogenicity



Relationships between different Omicron subvariants
with key lineage-defining amino acid mutations for each displayed
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Omicron XBB.1.5 predominates in USA = 85%

Nowcast: USA
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Omicron BQ.1 & XBB.1.5 are the predominant variants in Europe

Percentage of variants per week
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Omicron BQ.1 & XBB.1 are predominating in Catalonia
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Characterization of SARS-CoV-2 variants in Beijing
durlng 2022 outbreak: BF.7 and BA.5.2 & no new VoC

2,881 SARS-CoV-2 genome sequences were studied.
 The epidemiological and phylogenetic analysis concluded that the co-circulation of BF.7 and BA.5.2 (90%) was present in the current

outbreak since Nov 14, 2022 in Beijing, and there is no evidence that novel VoC emerged. This results could be considered a
snapshot of Chiga. .
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Immune evasion of BQ.1 and XBB.1.5 Omicron subvariants
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SARS-CoV-2 vs. Flu vs. RSV Sentinel Surveillance in Europe

Weekly detections of COVID-19, influenza and RSV(1) in primary care sentinel-source specimens
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Hospital COVID-19 vs. Influenza Outcomes in Switzerland

Figure 2. Cumulative Incidence Plot for Mortality
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Antiviral Agents are active against Omicron Subvariants
BQ.1.1 and XBB

B Inhibitory Activity of Antiviral Drugs
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Imai M et al. NEJM. January 5" 2023; 388:89-91.



Antiviral efficacy in non-vaccinated individuals

Remdesivir Molnupiravir | Nirmatrelvir/rtv
PINETREE MOVE-OUT EPIC-HR
87% 30-65% 87%

Intravenous (IV), 3 d. fOral, 5 d. (40 tablets) Oral, 5 d. (30 tablets)

Efficacy

Administration

Advantages Highly efficacious No DDI Highly efficacious
Studied in pregnancy Ritonavir safe in
Few/No DDI pregnancy
Disadvantages IV infusion for 3 days jLowest efficacy Important DDI
Not recommended in
pregnancy/children
NNT 18 31/36 18

*Relative risk reduction hospitalization/death; NNT=Number needed to treat; Adapted from Gandhi RT et al. JAMA. 2022; 327:617-618; Bernal AJ et al, N Engl J Med. Dec 16,
DDI = Drug-drug interactions; rtv = ritonavir 2021; Gottlieb RL, et al. NEJM. Dec 22 2021; Hammond J, et al. N Engl J Med. Feb 16 2022.



VV116 (oral remdesivir analogue) vs. Nirmatrelvir-Ritonavir
for Oral Treatment of Covid-19

« Aphase 3 multicenter, open-label, randomized, noninferiority trial assessed the efficacy and safety of VV116 as compared with nirmatrelvir—ritonavir
in adults hospitalized with Covid-19 during an outbreak of SARSCoV-2 dominated by the B.1.1.529 (omicron) variant.

» The primary efficacy end point was the time from randomization to sustained clinical recovery (alleviation of all Covid-19-related target symptoms for
2 consecutive days) through day 28. ClinicalTrials.gov number, NCT05341609; Chinese Clinical Trial Registry number, ChiCTR2200057856

V116
N=384
28-
(=D 600 mgon day1 300 mg 100 mg HR, 1.17; 95% CI, 1.02-1.36

: (lower Cl boundary >0.8 establishes noninferiority)
Lo+

@ 300 mg on days 2-5 Nirmatrelvir Ritonavir
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F VV1l16 Nirmatrelvir—Ritonavir

Cao Zetal. N Engl J Med. Feb 2 2023; 388: 406-417.



VV116 (oral remdesivir analogue) vs. Nirmatrelvir-Ritonavir
for Oral Treatment of Covid-19

» Aphase 3 multicenter, open-label, randomized, noninferiority trial assessed the efficacy and safety of VV116 as compared with nirmatrelvir-ritonavir in adults
hospitalized with Covid-19 during an outbreak of SARSCoV-2 dominated by the B.1.1.529 (omicron) variant.

» The primary efficacy end point was the time from randomization to sustained clinical recovery (alleviation of all Covid-19-related target symptoms for 2
consecutive days) through day 28.

Any Adverse Event through Day 28

100+
i
S g0. 77.3
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ﬁ 20
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0

VV116 Nirmatrelvir—Ritonavir

* In symptomatic adults hospitalized with mild-to-moderate Covid-19 and at risk for disease progression, a 5-day course of VV116 was noninferior to
nirmatrelvir-ritonavir with respect to the time to sustained clinical recovery and was associated with fewer adverse events.

Cao Zetal. N Engl J Med. Feb 2 2023; 388: 406-417.



PANORAMIC trial: Molnupiravir fails to prevent COVID-19
hospitalization in vaccinated patients in UK

« Same design, criteria and dosage as in the MOVE-OUT RCT but this was an open-label trial: oral Molnupiravir for 5 days vs. Standard of Care (SoC)
— 93% of individuals had received a booster COVID-19 vaccine; 99% at least one dose.

« The primary efficacy endpoint hospitalization or all-cause death by day 29.

» Median age 57 yr., 58% females; any comorbidity, 69% of participants; median (IQR) time between symptoms onset to molnupiravir/SoC: 3 days (3-5).

Molnupiravir P-value
N=12,774 N=12,934
Outcomes at 29 days :

. - Hospitalization/Death 105 (0.8%) 98 (0.8%) 0.33
- Mortality 3 5
- Severe adverse events 77 (0.6%) 64 (0.5%)

— Molnupiravir did not reduce hospitalization/death in COVID-19
vaccinated individuals. No differences in subgroup analysis

Molnupiravir is not approved by

i i d
the EMA. itis in the review phase. Butler CC on behalf the PANORAMIC Trial Investigators. Lancet. December 22" 2022



Early Treatment with Pegylated Interferon Lambda for
Covid-19 in vaccinated individuals

A phase 3, adaptive platform, randomized, placebo-controlled trial assessed the efficacy and safety of pegylated interferon lambda in adult outpatients in
Brazil and Canada who were at high risk for severe illness soon after they received a diagnosis of Covid-19.

1,949 adults presenting within 7 days after symptom onset with a positive rapid test for SARS-CoV-2 and with at least one high-risk criterion (e.g., age =50
years, diabetes mellitus, and hypertension leading to the use of medication) were assigned to receive a single subcutaneous injection of pegylated
interferon lambda (180 pg) or placebo. Most patients (85%) had received at least one dose of Covid-19 vaccine.

The primary outcome was a composite of Covid-19-related hospitalization (or referral to a tertiary hospital) or admission to an emergency department (ED)
(observation for >6 hours) within 28 days after randomization. TOGETHER ClinicalTrials.gov number, NCT04727424

Pegylated Interferon
Lambda

(N=931)

Placebo
(N=1018)

Reis G etal. N Engl J Med. Feb 9th 2023;388(6):518-528; Reis G et al. CROI Feb 19-22 2023; Abstract #167.



Early Treatment with Pegylated Interferon Lambda for
Covid-19 in vaccinated individuals

Hospitalization or ED Visit within 28 Days
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Reis G etal. N Engl J Med. Feb 9th 2023;388(6):518-528; Reis G et al. CROI Feb 19-22 2023; Abstract #167.



Early Treatment with Pegylated Interferon Lambda for
Covid-19 in vaccinated individuals

Hospitalization or ED Visit According to Vaccination Status
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Reis G etal. N Engl J Med. Feb 9th 2023;388(6):518-528; Reis G et al. CROI Feb 19-22 2023; Abstract #167.



Early Treatment with Pegylated Interferon Lambda for
Covid-19 in vaccinated individuals

Covid-19—Related

Hospitalization or Death Incidence of Adverse Events
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Among high-risk, symptomatic, largely vaccinated outpatients with a recent diagnosis of Covid-19, those who received a single subcutaneous injection of
pegylated interferon lambda had a lower risk of Covid-19-related hospitalization or an ED visit within 28 days than those who received placebo.

Reis G etal. N Engl J Med. Feb 9th 2023;388(6):518-528; Reis G et al. CROI Feb 19-22 2023; Abstract #167.



Ensitrelvir (protease inhibitor): effective and safe in
mild/moderate COVID-19 in vaccinated patients in Asia

Ensitrelvir fumaric acid (Xocova®), an investigational, 3CL protease inhibitor, administered within first three days for 5 days, was evaluated as an antiviral
treatment for COVID-19, achieved the primary endpoint in the Phase 3 part of a Phase 2/3 study conducted in Asia.

This study was conducted in 1,821 patients with mild/moderate symptoms of COVID-19 and assessed clinical symptom resolution with ensitrelvir (high
dose and low dose), orally administered once daily for five days, compared to placebo. The majority of patients were previously vaccinated.

The primary endpoint: time to resolution of five key COVID-19 symptoms (stuffy or runny nose, sore throat, cough, feeling hot or feverish, and low energy

or tiredness)
Ensitrelvir | Ensitrelvir | PBO F=Ry=H™
125 mg; n=336 250 mg; n=329
Outcomes 0.04
‘ - Time to resolution (hours) 168 171 192 |
- | Viral load (log10 248 ND 1.01 <0001

copies/mL) on day 4

Safety: ensitrelvir were well tolerated, and there were no serious adverse events or deaths in this study. The most common treatment-related adverse

events were decreased high-density lipoprotein (HDL) and increased blood triglycerides.
NIAID is evaluating this antiviral in the outpatient population (ACTIV-2 SCORPIO-HR clinical trial).

Shionogi press release, OSAKA, Japan, September 28, 2022; Ichihashi G et al. et al. CROI Feb 19-22 2023; Abstract #166.



Remdesivir Reduces Mortality in Hospitalized Covid-19
Patients Across Variant SARS-CoV-2 Eras

Overall study period (Dec 2020- Apr 2022) || Pre-Delta time period (Dec 2020- Apr 2021)

Figure: Time to 14- and 28-
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day mortality across the .
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Note: Estimates adjusted for age, admission month, admission venue (ICU v, general ward), and baseline trestments [anticoagulants, convalescent plasma, corticosteroids, baricitinib, tocilizumab)

Mozaffari E et al. CROI Feb 19-22 2023; Abstract #556.




Remdesivir Reduces Mortality in Imnmunocompromised
Patients Hospitalized for Covid-19

Figure: Tlmg to 14- and 28- N HR[95% CI] P value
day mortality across the -
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Pre-Delta 8,958 —— 0.59 [0.48 - 0.71] 0.0100
Hazards model)
Delta 11,084 — 0.77 [0.65-0.92] 0.0035
. : Omicron 8,296 — 0.75 [0.63 - 0.90] 0.0020
14,169 RDV-treated patients with an e — [ ]
'm";,‘:j"°°°mpr3r2'sedt°°“,d:,t'°r: (canclelzr, Overall 28,338 —o— 0.75(0.68 - 0.83] <.0001
sto | orlgartl ah” ?n?a 9p0|e||.c stem ce Pre-Delta 8,958 v o 0.65 [0.56 - 0.76] <.0001
ransplant, hematologic malgnancies, | pgy, 11,084 o 0.790.68-091] 00013
bone marrow fal!ure/aplastlg anemia, 040 060 080 100 120
severe combined immunodeficiencies or Favors RDV Favors Non-RDV
HIV) hOSpIta|IZGd Wlth a pl’lmary dlagnOSIS Immunocompromised conditions: cancer, transplant, hematologic malignancies, primary immunodeficiencies, asplenia, bone marrow
Of COVID_1 9 were matched to 5’341 failure/aplastic anemia, severe combined immunodeficiencies or HIV
. . . Note: Estimates adjusted lor age, admission month, admission venue (ICU vs, general ward), and baseline treatments (anticoagulants,
unique non-RDV pa’uents_ Baseline was convalescent plasma, corticoster oids, baricitinib, tocilizumab)

defined as first 2 days of hospitalization.

Mozaffari E et al. CROI Feb 19-22 2023; Abstract #557.



Other therapeutic pearls

e Metformin reduced SARS-CoV-2 VL'  Human anti-ACE2 mAbs as Pan-

Antiviral potency = nirmatrelvir/ritonavir Sarbecovirus agents in mice’
] The antibodies do not inhibit hACE2 enzymatic activity,
 |nhaled |nterfer0n-B1A does not work in nor do they induce ACE depletion from cell surfaces.

outpatients with mild/moderate COVID-192

* Remdesivir, no dose adjustment is
recommended in patients with eGFR<30
mL/min regardless the need of dialysis?®

Human ACE2 knock-in mice
were injected with 250 ug
(12.5 mg/kg) of anti-hACE2
mAbs and challenged
intranasally with SARS-
CoV-2. Three days later
The number of viral
genomes in total lung RNA
was measured using gRT-
PCR
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 Zinc adjuvant treatment during acute pase
reduced severity and increased faster
recovery hospitalized COVID-19 patients*

1.- Boulware DR et al. et al. CROI Feb 19-22 2023; Abstract #170; 2.- Jagannathan P et al. CROI Feb 19-22 2023; Abstract #169; 3.-Humeniuk R et al. CROI
Feb 19-22 2023; Abstract #514; 4.-Gémez-Zorrilla S et al. CROI Feb 19-22 2023; Abstract #542; 5.- Zhang F et al. CROI Feb 19-22 2023; Abstract #109.
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Immune Responses for Protection against
Severe SARS-CoV-2

Asymptomatic Symptomatic  Severe Disease,
Infection Infection Hospitalization Death
Antibodies et et e -
T Cells + ++ ++++ ++++

Barouch DH. N Engl J Med. Sep 15, 2022; 387:1011-1020.



Humoral immune evasion of the omicron subvariants
BQ.1.1 and XBB after four mMRNA monovalent doses

B BNT162b2 or mRNA-1273 x four doses

33-57 days oo PLHIV with hybrid
i 433 fold | immunity and a fourth
117 fold COVID-19 vaccine
22 ol ol dose had .the_hlghest
10000 - ' ' ' neutralization of
727 6.2 fold .
. | | Omicron-BA.5 and
1000 _:E_;T 880 622 BQ.1 variants
;Z_E" [ ] ; L] - .
= 1004 .
L . E : L ]
10—+----- -- E B ERRS S
| Ancestral | BA.2 | BA.5 BQ.11 XBE
(NCo0Z2) (NCD1288) (TY41-702) (TY41-796) (TY41-795)

Uraki R et al. Lancet ID. Dec 7th 2022; Cheung PK et al. CROI Feb 19-22 2023; Abstract #366.



Rationale for New Bivalent Booster Vaccines

Goals of new bivalent booster vaccines'~

Retain neutralization for Original SARS-CoV-2

Stronger immune response against current omicron variants
Broader cross-neutralization against future variants

Provide broad protection and sterilizing mucosal immunity
Extend durability of protection

1. FDA Briefing Document for June 26, 2022 VRBPAC Meeting.
2. WHO Interim Statement on the Composition of Current COVID-19 Vaccines, June 17, 2022.



Pfizer and Moderna Bivalent Vaccines against Covid-19

Monovalent mRNA vaccines

Original SARS-CoV-2 Spike Bivalent mRNA vaccines
D614G, 30/50 g

= Original SARS-CoV-2
D614G, 15/25 ug

+

Omicron variants
Pfizer: BA4/5, 15 g
Moderna: BA1, BA4/5 25 ug

Spike Trimer

Kleanthous H et al. NPJ Vaccines. Oct 28, 2021; 6:128.



PLHIV with CD4 counts below 200 showed weaker responses to
COVID-19 Vaccines and are Candidates to 3" Dose

Vaccinations & immunisations

Some people with HIV may have weaker response to

People with HIV with CD4 counts below 200 show COVID-19 vaccines

14 October 2021

weaker responses to COVID-19 vaccines

Findings reinforce advice on third vaccine dose for people with low CD4
counts

Keith Alcorn | 1November 2021

EACS 2021

18th EUROPEAN O 2021
AIDS CONFERENCE On , United Kingdom WEACS2021

18th EUROPEAN AIDS CONFERENCE

Results IV

Cell-mediated immunogenicity in  PLVWHs  a
HCWs ad 1 manth after the booater dose (T2) of
BNT 18202 or mRNA- 1273 vacane

1ponse, supparting a third vaceine dose for these individuals

* Public health authorities in the United States and Europe already
recommend a third dose of a vaccine against SARS-CoV-2 for
PLHIV with immune suppression but there is still a lack of clarity
about below which CD4 threshold a 3™ dose is needed.

*peld 0, “*pell 01, **pet 001

 Antibody levels and neutralization responses were significantly

People with CD4 counts below 200 were significantly less likely to generate strong antibody and |OW€T |n PLHIV With CD4 counts bGlOW 200 Compared tO p60p|e
SR e e e AT A T with CD4 counts above 200, one month after the second dose.

Conference (EACS 2021) in London.

Antinori A et al, 18" EACS. London. 2021.



Neutralizing Activity and T Cell Response After Bivalent
MRNA Third Booster Dose in PLHIV

‘ Mean values of MNA90 and IFN-y from T0 to T1 according to hybrid immunity \

Bivalent vaccine appeared to have no
effect on T-cell mediated response

16+
8°8°§ o ooo
gl # ogog 5 §'°'8§°°° §888
0

o} 000
4 (00 4 0°

o]

1 1 2 T T

T0 n T0 T1
Log, 7.29 7.29 7.88 8.08
No hybrid immunity Hybrid immunity

No hybrid immunity Hybrid immunity
Blue plots represent nAbs against BA.5,
Green plots represent nAbs against BQ.1.1. Vergori A et al. CROI Feb 19-22 2023; Abstract #364.



Neutralizing Activity and T Cell Response After Bivalent

MRNA Third Booster Dose in PLHIV

Anti- SARS-CoV-2 nAbs
(MNASO, redbrocal of serum dilition) .

Mean values of MNA90 and IFN-y from T0 to T1 according to CD4 count

Bivalent vaccine appeared to have no
effect on T-cell mediated response

*  P<0.05
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Mean nAbs T? n T0 n
CD4 <500/mm’? CD4 >500/mm* CD4 <500/mm’* CD4 >500/mm”*
CD4<500/mm3 CD42500/mm3 CD4 <500/mm3 CD42500/mm3

Blue plots represent nAbs against BA.5,
Green plots represent nAbs against BQ.1.1. Vergori A et al. CROI Feb 19-22 2023; Abstract #364.



COVID-19 Bivalent Booster Effectiveness in People with and
without Immune Dysfunction (including PLHIV)

» We estimated bivalent mRNA booster effectiveness against breakthrough infection and hospitalization between 09/01/2022 to 12/15/2022 in 75,873 patients among

2,414,904 patients had received 2+ doses of mMRNA vaccination.
* At baseline, the median age was 52 (IQR 36-67) years, 40% male, 63% white, 10% Black, 12% Latin, 3.5% Asian American/Pacific Islander, and 14% were patients

with immunosuppressed/compromised conditions (ISC; HIV infection, solid organ/bone marrow transplant, autoimmune diseases, and cancer).

& Lower Higher —_—
k! Odds Odds

Breakthrough infection .
B ! No Immune Dysfunction (HR [95%Cl])

Non-Bivalent

- - Infection 0.27 (0.24-0.31)
Non-Bivalent 1 Ref - HOSpitaﬁzation 0.1 9 (0.1 1 '0.31 )

Bivalent —— 0.19 (0.11-0.31)

01 02 0.4 1
Adjusted Odds Ratios (95% Cl) Among Patients without Immune Dysfunctio

Breakthrough infection

Non-Bivalent : Ref With Immune Dysfunction (HR [95%CI])
e S - Infection 0.33 (0.26-0.41)

Hospitalization

Non-Bivalent [ o - Hospitalization 0.28 (0.17-0.46)

Bivalent e SE— 0.28 (0.17-0.46)

0.2 0.4 1
Adjusted Odds Ratios (95% CI) Among Patients with Immune Dysfunction

* All models controlled for age, sex, race/ethnicity, comorbidities, geographic region, prior SARS-CoV-2 infection, months since the last dose of non-bivalent vaccine, and prior S u n J et a| . C RO | Fe b 1 9-22 2023 ; Abstract #2 1 4 .

non-bivalent booster.



Reactogenicity among PLHIV after mRNA-1273
vaccination Sub-Saharan Africa (N=14,002)

« Similar to observations in HIV-negative populations, mMRNA-1273 was well tolerated by PLHIV with more reactogenicity in females.
* Impaired inflammatory responses among PLHIV with CD4 counts < 500 cell/uL had less moderate/severe reactions.

B. Following Month 1 Vaccination

A
n=5&¢Z)

Category
Local

Systemic

Symptom
Pain [/ Tenderness Er——
Erythema/Redness |

Induration / Swelling |GG
Lymphadenopathy B
Fever -
Molaise/Fatige |

Myalgia _

e Severity Grade*
Headache | [ Mild
Nausea 3 B 'I: “ .
Chills I i
Arthralgia [ W Severe

Percentage of Participants

*Events were graded using the Division of AIDS Table for Grading the Severity of Adult and Pediatric Adverse Events (2017)

Spinelli MA, et al. CROI Feb 19-22 2023; Abstract #1011.



Factors Associated with SARS-CoV-2 Vaccine Hesitancy
in PLHIV in USA - Prevalence 7%

Vaccine hesitancy was reported by approximately 7% of a USA multi-site cohort of PLHIV and decreased over time.

Factor Adjusted Odds Ratio | 95% Confidence p-value
Interval

Female sex at birth 2.04 1.48-2.81 <0.001

Black vs. White Race 1.78 1.28-2.49 0.001

Age< 30 years 2.79 1.49-5.24 0.001

Region vs. Northeast (ref): West | 1.23 0.84-1.81 0.29
South/Midwest 1.73 1.23-2.44 0.002

Unsuppressed Viral Load (=200 | 2.20 1.41-3.45 0.001

copies/mL)

Years on ART (per 5 years) 0.79 0.69-0.86 <0.001

Study month 0.88 0.84-0.93 <0.001

Analyses were adjusted for age, birth sex, race/ethnicity, site, time on ART, viral suppression,
and study month.

Spinelli MA, et al. CROI Feb 19-22 2023; Abstract #1011.
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Take-home messages

" The global epidemiological situation has improved markedly thanks to mass
vaccination and the appearance of less SARS-CoV-2 Omicron pathogenic variants.

" BQ.1.1 and XBB.1.5 are the current predominating variants and they escape the immunity
generated by monovalent vaccination with the original strain or previous infection.

® Subcutaneous peg-interferon lambda and oral ensitrelvir (protease inhibitor) may be
effective for mild/moderate COVID-19 in vaccinated individuals.

® Bivalent mRNA vaccines provide cross-neutralization against multiple variants of
concern, including Omicron subvariants BA.1, BA.4/BA.5, BA.2.75, BQ.1.1, and XBB.1.5.

® Bivalent mRNA boosters must be given to PLHIV. Preliminary results showed a good
humoral response against new Omicron variants in non-immunocompromised patients, no
safety concerns and prevention of SARS-CoV-2 infection and hospital admission.



