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SARS-CoV-2 transmission routes



Long-Distance Airborne SARS-CoV-2 
Transmission: Not Just Droplets

⚫Airborne transmission over longer distances may occur via virus-

containing aerosols with much smaller particle size than droplets.

⚫Distances up to 15 m. At the time of transmission, most of the index 

cases were asymptomatic or presymptomatic.

⚫Strengthen the need for mitigation measures in indoor settings, 

particularly the use of adequate ventilation.

BMJ 2022;377:e068743



Global Percentage of Asymptomatic SARS-CoV-2 Infections 

Among Individuals With Confirmed COVID-19 Diagnosis

95 studies with 29 776 306 individuals
JAMA Netw Open 2021 Dec 4(12)



3. Risk of SARS-CoV-2 Acquisition in Health Care Workers 

According to Cumulative Exposure and Preferred Mask Type

Dorr Tamara, JAMA Netw Open. 2022;5(8)

OR:1.2

OR:7.79



Evolution of SARS-CoV-2 Shedding in Aerosols

• Omicron BA.1 is three times more transmissible than Delta

• Omicron BA.2 is estimated to be 30-40% more transmissible than BA.1

• The viral RNA load in the fine fraction was on average five times 

greater than in the coarse fraction

Lai J et al  medRxiv preprint doi



Risk of SARS-CoV-2 Transmission Among Healthcare 
Workers Dining in Hospital Staff Cafeterias

J Korean Med Sci. 2022 Jan 10;37(2):e14



Replication of SARS-CoV-2 Omicron BA.2 variant in ex vivo 
cultures of the human upper and lower respiratory tract

Nasal               Bronchus Lung

Omicron BA.2 replicates better than the BA.1 and previous strains in the upper respiratory tract 

but less efficiently in the lung parenchyma than wild-type and Delta.

Lancet eBioMedicine 2022;83: 104232



immune protection of SARS-

CoV-2 natural infection



2. Immunological memory to common coldcoronaviruses

assessed longitudinally pre-COVID19 pandemic

High CCC-specific T cell reactivity was associated with pre-existing SARS-CoV-2 immunity

Immune memory to CCC might influence SARS-CoV-2disease severity and/or vaccine respons

Yu ED Cell Host &Microbe July 2022



Cross-reactive memory T cells associate with protection 

against SARS-CoV-2 infection in COVID-19 contacts

Kudu R , Nature Communications  2022



S protein-specific T cell immune 

responses in young and older subjects. 
N and M peptide pools and frequency of 

IFN-γ producing T cells

35:10 37:9

Older adults lack SARS CoV-2 cross-reactive T 

lymphocytes to human coronaviruses OC43 and NL63

Salletti G. Scientific Reports 2020, 21447



Preventive methods for COVID 19 



SARS CoV 2 Variants



SARS-CoV-2 Variants over Time

Barouch DH NEJM Aug 31 2022



Incubation Period of COVID-19 Caused by Variants

Delta Omicron

JAMA Netw Open. 2022;5(8):e2228008

The incubation period of omicron variant is about a day shorter than delta. 



Percentage of people testing positive 

who reported symptoms

Source: Office for National Statistics – Coronavirus (COVID-19) Infection Survey



Association Between SARS-CoV-2 Lineage and 

Self-reported Olfactory Dysfunction

Cardoso CC et al. JAMA. 2022;328(6):582-583.



Two-Year Prevalence and Recovery Rate of Altered Sense of 

Smell or Taste in Patients With Mildly Symptomatic COVID-19

Rizzo PB et al. JAMA Otolaryngol Head Neck Surg. August 4, 2022

105 (88.2%; 95% CI, 81.0%-93.4%)

N=202

(83)



NEJM 2022 Feb 17



Number of cases, admissions, and percentage of S-gene 

positive and S-gene target failure (S-gene negative) infections

BA1

BA2



Clinical severity of omicron lineage BA.2 infection 

compared with BA.1 infection in South Africa

Wolter N et AL. Lancet June 30 , 2022



Risk of hospitalisation and mortality for COVID-19 

cases with omicron compared with delta, by age group

Hospital admission Deaths

All     0–9 10–19  20–29  30–39 40–49 50–59 60–69 70–79  ≥80

HR1·10

HR 0 ·25

HR 0.47

59% 69%

Nyberg T ,Lancet 2022; 399: 1303–12



Synergy between vaccines and drugs

VACCINES DRUGS

?

mRNA

VECTOR mAb

Anti-
viral

?
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Global Covid-19 Vaccination Rates

Barouch DH NEJM Aug 31 2022



• 44% (92) demonstrated 

awareness of Omicron 

infection and 56% (118) 

reported  unawareness

Awareness of SARS-CoV-2 Omicron Variant Infection 

Among Adults With COVID-19 Seropositivity

JAMA Network Open. 2022;5(8)



Source: Office for National Statistics – Coronavirus (COVID-19) Infection Survey



percentage of pupils testing positive for antibodies to 

COVID-19 by vaccination status, England, March 2022

Source: Office for National Statistics – Coronavirus (COVID-19) Schools Infection Survey

82%

99.3%



76.98





Duration of Shedding of Culturable Virus in 
SARS-CoV-2 Omicron (BA.1) Infection

NEJM June 29, 2022



Viral copy number and culture positivity 
according to the symptom onset date

Fully vaccinated Unvaccinated

Jung J et al. JAMA Network Open. 2022;5(5):e2213606



Ct values of COVID-19 B1.617.2 infected patients 
between vaccination status and day of illness.

Chia PY et al. Clin Microbiol Infect. 2022;28(4):612.e1-612.e7



Humoral and cellular immune memory to 
four COVID-19 vaccines

Zhang Z et al. Cell May 27 2022 

Antibody wanes in response to mRNA vaccines,

but memory T and B cells are comparatively stable



Protection and Waning of Natural and Hybrid 
Immunity to SARS-CoV-2

Goldberg Y et al  NEJM 2022 May 25



Natural immunity compared with 

individuals without immunity

One-dose hybrid immunity 

compared with natural immuity
Two-dose hybrid immunity 

compared with natural immunity

Nordstrom P et al Lancet Infect Dis 2022, 22:781

Risk of SARS-CoV-2 reinfection and hospitalisation in 
individuals with natural and hybrid immunity:

HR 0·05 , p<0·001, upto 20m HR 0·42 , p<0·001 HR 0·34,  p<0·001



Fourth Dose of BNT162b2 mRNA Covid-19 
Vaccine in a Nationwide Setting

N Engl J Med 2022; 386:1603-1614



Relative vaccine effectiveness of the fourth dose 
against mortality in residents of long-term care facilities

The Lancet Regional Health - Europe 2022;00: 100466

39%

27%



Protection against SARS-CoV-2 after Covid-19 

Vaccination and Previous Infection

N Engl J Med 2022; 386:1207-1220

6m 1y



Effects of Previous Infection and Vaccination on 
Symptomatic Omicron Infections

Altarawneh HN et al. N Eng J Med Jul 2 2022



Effectiveness of Infection, Vaccination and Hybrid Immunity 
against Symptomatic BA.2 Infection and Severe, Covid-19

Altarawneh HN et al. NEJM, June 15 ,2022



Vaccine effectiveness against SARS-CoV-2 infection of any 
severity up to 9 months after full vaccination

Lancet 2022; 399: 814–23



Neutralization Escape by SARS-CoV-2 Omicron 
Subvariants BA.2.12.1, BA.4, and BA.5

NEJM June 2022

( 2 weeks) (vaccinated)



Duration of immune protection of SARS-CoV-2 natural 

infection against reinfection in Qatar

MedRxiv July 7 2022



NEJM Sep 14 2022

Anti-Spike Mucosal IgA Protection against 

SARS-CoV-2 Omicron Infection



Risk of BA.5 Infection among Persons Exposed 

to Previous SARS-CoV-2 Variants

NEJM,August 31, 2022



BNT162b2 Vaccine Effectiveness against 

Omicron in Children 5 to 11 Years of Age

Cohen Stavi DJ et al. NEJM 2022 June 29



Antibody response against SARS-CoV-2 variants in 

children infected with pre-Omicron variants

Lancet eBioMedicine 2022;83: 104230



Neutralizing Antibody Levels in Children and Adolescents 

Up to 16 Months After SARS-CoV-2 Infection

Total Neutralizing Antibody Levels in 

Children and Time

Neutralizing Antibody Level Over Time in 

Children by symptoms and age

JAMA Pediatrics Aug 29, 2022

84% 69.8%

71% vs 49%



Antibody Duration After Infection From SARS-CoV-2

Age BMI

Swartz et al JID 22 May 2022

Nucleocapsid antibody: 7.4% negative between 401 and 500 days after infection

N=4588



Durability of Booster mRNA Vaccine against SARS-
CoV-2 BA.2.12.1, BA.4, and BA.5 Subvariants

NEJM Sep 7 2022



Associations of BMI with COVID-19 vaccine effectiveness, 

and risk of severe COVID-19 outcomes in England

Piernas C et al Lancet June 30 , 2022



Reinfected With SARS-CoV-2 During the Omicron Wave 

of Infections in Iceland, December 1, 2021, to February 13, 2022

JAMA Network Open. 2022;5(8):e2225320.



Effectiveness Associated With Vaccination After COVID-19 

Recovery in Preventing Reinfection

1.9% (95% CI, 1.8%-2.0%)

13.0% (95% CI, 12.0%-14.0%)

Lewis N  et al. JAMA Network Open. 2022;5(7):e2223917



mRNA-1273 or mRNA-Omicron boost in macaques elicits similar B 

cell expansion, neutralizingresponses, and protection from Omicron

Gagne et al., 2022, Cell 185, 1556–157

(Low respiratory)

( Upper respiratory)



Myocarditis and pericarditis following COVID-19 mRNA 

vaccines by dose number and time to symptom onset

Buchan SA et al/JAMA Netw Open. 2022;5(6):e2218505



Rate of myocarditis and pericarditis per million doses 

administered following dose 2 of mRNA vaccine

Buchan SA et al/JAMA Netw Open. 2022;5(6):e2218505



Reported Myocarditis or Pericarditis Among 

People: rate by interdose intervals

Buchan SA et al/JAMA Netw Open. 2022;5(6):e2218505



Menstrual irregularities and vaginal bleeding after COVID-19 

vaccination reported to v-safe surveillance USA  December, 2020–January, 

2022

Wong KK et al. Lancet Digit Health  Aug 9,2022

N=5975363

FIRST

SECOND



Pharmacologic treatments 

for  COVID 19



Global Covid 19 drugs

Emergency use authorization

Monoclonal antibody

REGEN-COV,  Bamlanivimab & etesevimab, Sotrovimab, Evusheld, Bebtelovimab

Antiviral agent

Remdesivir, Paxlovid, Molnupiravir, xocova, sabizabulin

Antiphologistic drugs

Dexamethasone,  Baricitinib,  Tocilizumab

BA.2, IM



Anti-S protein antibody

• REGEN-COV(Regeneron)

• Bamlanivimab/Etesevimab( Lily)

• Xevudy( GSK)

• Regkirona(Celltrion) 

Oral antiviral drug

3CL pro Inhibitor

• Paxlovid( Pfizer)

• Xocova( Shionogi)

RNA Polymerase Inhibitor

• Lagevrio(Merck)

New Drugs against SARS CoV 2



Monoclonal Antibody



Mechanism of monoclonal antibodies

Celltrion

MAb

MAb



Bamlanivimab plus Etesevimab in 
mild or moderate covid-19



EVUSHELD



Evusheld

• AstraZeneca’s intramuscular Evusheld (AZD7442; tixagevimab with cilgavimab), 

a long-acting antibody. EUA for the pre-exposure prophylaxis in aged 12 

years and older weighing at least 40 kg.

• Unlikely to mount an immune response from  vaccination or for whom 

vaccination is not recommended.

• Evusheld should be treated every 6 months to maintain protection



Intramuscular AZD7442 (Tixagevimab–

Cilgavimab) for Prevention of Covid-19

N Engl J Med 2022; 386:2188-2200



Levin MJ et al. N Engl J Med 2022



Tixagevimab/Cilgavimab for Prevention of 
COVID-19 during the Omicron

Xu XY  et al. medRxiv preprint



Oral antiviral drug



Remdesivir- Mechanism of Action for COVID-19



Time to Recovery According to treatment Subgroups

Median recovery time of 11 days (95% [CI], 9 to 12), as compared with 15 days (95% CI, 13 to 19) 

in placebo ( 1.32; 95% CI, 1.12 to 1.55; P<0.001)

Beigel JM et al. NEJM May 22 2020



Lancet 2022; 399: 1941–53

N=14220

WHO 

Solidarity Trial Consortium*



Benefit of remdesivir in hospitalized COVID-19 patients 
with high viral loads and low-grade systemic inflammation

Padilla S et al.J Antimicro Chemo 22 May 2022



87%



2. Molnupiravir —first oral therapies for Covid-19

• Strive for therapy to begin within 72 hours in all patients

• Animal studies may affect bone and cartilage growth. 

• Contraception is recommended during treatment and for 4 days after the 

last dose in women of childbearing potential, and for at least 3 months 

after the last dose in men

• Active against the variants and showed a modest antiviral effect. 



Molnupiravir for Covid-19 in 
Nonhospitalized Patients: study design

N Engl J Med 2022; 386:509-520



Molnupiravir for Covid-19 in Nonhospitalized Patients

N Engl J Med 2022; 386:509-520



Oral Paxlovid for High-Risk, Nonhospitalized
Adults with Covid-19

Hammond J et al.N Engl J Med 2022; 386:1397-1408



Efficacy and adverse effects of Nirmatrelvir plus Ritonavir in 
Preventing Covid-19–Related Hospitalization or Death

Hammond J et al.N Engl J Med 2022; 386:1397-1408



Hospitalization and Emergency Department 
Encounters for COVID-19 After Paxlovid Treatment

• 5,287 persons aged ≥12 years received a prescription.

• Six (0.11%) hospitalizations and 39 (0.74%) ED encounters 

among persons with symptoms consistent with COVID-19.

• Twenty-one (46.7%) of these 45 patients were aged ≥65 years 

and 35 (77.8%) had at least one underlying medical condition.

On June 21, 2022, online as an MMWR



Nirmatrelvir Use and Severe Covid-19 

Outcomes during the Omicron Surge

HR:0.74
HR:0.27

Arbel R, NEJM Aug 24 2022



Nirmatrelvir–Ritonavir and Viral Load 

Rebound in Covid-19

2.3% 1.7%

NEJM Sep 7 2022

Delta
Omicron



The future of paxlovid for Covid 19

• Relapse symptoms after finishing the courses:

FDA : Paxlovid is “not authorized for use longer than five days.

• The effect of post-exposure prophylaxis 

does not reduce symptomatic infection with SARS-CoV-2.

• Not enough evidence to support antiviral therapy for long COVID

Talha Burki Lancet   May 22 2022 



Real-world effectiveness of molnupiravir or nirmatrelvir– ritonavir in 

hospitalised patients with COVID-19 without oxygen during omicron BA.2

Wong CK Lance Infect Dis Aug 24 2022

HR 0.48 HR 0.34



XOCOVA(Ensitrelvir) S-217622Oral ECL Protease 

Inhibitor Positivity on day 4

94.6 98.1

49.6

0
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80
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250mg 125mg placebo



Oral Sabizabulin for High-Risk, 

Hospitalized Adults with Covid-19:

{OR, 3.23; 95% CI, 1.45 to 7.22; P=0.0042}

23(45.1%)

19(20.2%)

Barnette KG NEJM Evidence July 6 2022



Available drugs for Children and 
Pregnant People

• Monoclonal antibodies are generally considered safe during pregnancy. 

• Paxlovid is authorized for children 12 years and older,40 kg or more. 

• Molnupiravir is not recommended during pregnancy. 

• Remdesivir has been used during pregnancy and no safety concerns.

JAMA 2022 327(&):627



Efficacy of Antiviral Agents against the Omicron 
Subvariant BA.2.75

NEJM Sep 7 2022



Antiphologistic drugs



Dexamethasone in Hospitalized Patients 
with Covid-19

NEMJ Jul 17 2020DOI: 10.1056/NEJMoa2021436

17%
36%



Association Between Dexamethasone Treatment 
After Hospital Discharge for Patients With COVID-19

Huang CW et al. JAMA Network Open. 2022;5(3):e221455



Tocilizumab in patients admitted to hospital with 
COVID-19 (RECOVERY): a randomised, controlled, open-label, 

Recombinant monoclonal antibody directed against membrane-bound forms of IL-6R

Lancet 2021; 397: 1637–45



Randomized Trial of Metformin, Ivermectin, and 
Fluvoxamine for Covid-19

Time to Stop Using Ineffective Covid-19 Drugs

Bramante CT et al. N Engl J Med 2022; 387:599-610



Drugs Alleviating symptoms



Mechanisms of Action of Macrolides as 

Immunomodulatory Medications

Kanoh S et al Clin Microbio REV 2010



Azithromycin for community treatment of suspected COVID-
19 in people at increased risk in the UK (PRINCIPLE)

Eligible if they were aged 65 years and older, or 50 years and older with comorbidities 

azithromycin 500 mg daily for three days
Lancet 2021; 397: 1063–74



Therapeutic efficacy of macrolides in 
management of patients with mild COVID-19

Rashed A et al.Scientific Reports | (2021) 11:16361

The anti-inflammatory potential of macrolides to reduce the production of MMPs, 

(TNF−), (IL)-6, and IL-8 has been reported in critical cases. 500mg for 7 days



Attenuation of pro-inflammatory responses in 
COVID-19 following treatment with clarithromycin.

Tsiakos L et al. Infect Dis Ther (2021) 10:2333–2351



Early Start of Oral Clarithromycin Is Associated with Better 
Outcome in COVID-19 of Moderate Severity: 

The ACHIEVE Open-Label Single-Arm Trial

Allocation of patients at the 
WHO-CPS scale after 28 d

Comparative change of points of 
the WHOC-CPS scale on day 28d

Tsiakos L et al. Infect Dis Ther (2021) 10:2333–2351



28-day mortality of patients treated with the combination of 
clarithromycin and one β-lactam vs the other groups in 

severe community-acquired pneumonia

Kyriazopoulou E et al.Int J Antimicrob Agents 2020 Jan;55(1):105836



Beneficial ex vivo immunomodulatory and 
clinical effects of clarithromycin in COVID-19

J of Inf  and Chem 2022, 28;948

Amoxicillin in addition to clarithromycin is associated with 

synergistic ex vivo immunomodulatory properties



1. Type 2 diabetes, 

2. SARS-CoV-2 RNAemia

3. Epstein-Barr virus viremia

4. Specific auto-antibodies

Multiple early factors anticipate post acute 
COVID 19 sequale



Neurological and psychiatric risk after SARS-CoV-2 
infection: 2-year retrospective cohort studies(1 284 437)

Lancet Psychiatry Aug 17, 2022 



Association Between BNT162b2 Vaccination and Long COVID 
Not Requiring Hospitalization in Health Care Workers( >4 WEEKS)

JAMA,  Aug 16, 2022 L328,7



The benefits by Vitamin D associated with COVID 19

Low vitamin D levels have been associated with an increase in inflammatory cytokines 

and an increase in thrombotic episodes.

Downregulate the production of inflammatory cytokines, such as TNF-alpha and IL6, while 

increasing inhibitory cytokines

① Prevention of SARS-CoV2 Infections.

② Alleviating the Symptoms of SARS-CoV-2 Infections.

③ Enhancing the remyelination of damaged neuron

Front. Pharmacol., 21 February 2022



Post acute COVID 19 :Respiratory Symptom duration 
according to Vitamin D deficiency(< 20ng/ml)

N=110

Choi MK, Chun EM abstract for APSR, 2022 

Median symptom duration: 60 (35 - 69) vs. 44 (30 - 62)



Short term, high-dose vitamin D supplementation for 
COVID-19 :RCT (SHADE study)

62.5% participants in the intervention group achieved SARS-CoV-2 

negativity compared to 20.8% participants (p=0.018) in the control arm.

daily 60 000 IU of cholecalciferol

Rastogi A, et al. Postgrad Med J( BMJ) 2022;98:87–90



Pre-infection 25-hydroxyvitamin D3 levels and 
association with severity of COVID-19 illness

Patients with vitamin D deficiency (<20 ng/mL) were 14 times more likely to have severe or 

critical disease than patients with 25(OH)D ≥40 ng/mL

Dror AA. PLOS ONE Feb 22 2022

OR, 14; 95% [CI], 4 to 51; p < 0.001



At home managements for early outpatients of 

COVID-19:  anti-inflammatory agents

Perico N Lancet Infect Dis 2022 Aug 25, 2022



COVID-19 in 2022

The Beginning of the End or 

the End of the Beginning?



SARS-COV2 from pandemic to endemic

2020
2021 2022

2023

PANDEMIC VACCINES DRUGS
ENDEMIC ?





Cumulative covid 19 cases: 

44.33 million/1.4billion

Death: 41/d



Long-Term Persistence of IgG Antibodies in SARS-

CoV Infected 2 Healthcare Workers

Guo X  medRxiv preprint , 2020

Population profiles of IgG against SARS-CoV whole virus and N199 from 2003 to 2015



Accuracy of 2 Rapid Antigen Tests During 

3 Phases of SARS-CoV-2 Variants

JAMA Netw Open. 2022;5(8):e2228143



FDA Authorizes First COVID-19 Test Available without a 

Prescription That Also Detects Flu and RSV

• The first direct-to-consumer (non-prescription) multi-analyte COVID-19 test 

authorized by FDA and allows an individual to self-collect a nasal swab 

sample at home and then send to Labcorp.

• Ability to collect your sample at home for flu and RSV without a prescription, 

brings us one step closer to tests for these viruses that could be performed 

entirely at home.”



SARS-CoV-2 variants of concern: spike protein mutational 

analysis and epitope for broad neutralization

Antibody fragment (VH ab6) that neutralizes all major variants

Mannar D, Nature Communications 2022, 4696



What are the most effective strategies 
for COVID 19

Antiviral 
drugs

mRNA 
vaccines

Safety  Efficacy

Release from quarantine , mask

A. Drugs to neutralize

variants
B. Natural Immunity



Ecosystem restoration: a public health intervention

• The new COVID booster could be the last you'll need for a year.

• Ontario scraps mandatory five-day isolation rules for people.

• New York State ends COVID-19 mask mandates on trains, transit.

• Malaysia Scraps Indoor Mask Rule as Covid-19 Wave Eases.

• Mask mandate ends on international flights as COVID-19 rules.

• First nasal vaccine for COVID-19 approved in India for emergency use.
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