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ɇʑʄʀʃCOVID- 19
Ƀʄʅʀʂɺɻʕ ɲɾɲɵʂʀɽʕ

Á Ⱦɶɻʔɽɳʂɺʀʃ ʶʴʵʽ ˊWuhan China
V ɲʄɹɶɾɶʋʃ ɽɶ ʁɾɶʆɽʀɾʋɲ ʁʀʆ ʅʓʈɺʄʅɲ ɶɿɶɼʋʄʄɶʅʀ ʄɶ ȻȻ ɻɲɺARDS

Á 17 Ƀɲɾʀʆɲʂʋʀʆ ʶʴʶʴ ˊʅɲʆʅʀʁʀʋɸʄɸ ɲɺʅʋʀʆ

V CCDC (Chinese CDC): ɾʔʀ ʄʅʔɼɶʈʀʃ ɻʀʂʊɾʀɺʀʎ

V WHOˊ ʅʀ ʀɾʑɽɲʄɶ2019- nCoV

Á ʶʺ ɏɶɳʂʀʆɲʂʋʀʆ ʶʴʶʴ ˊʁʂʒʅʀ ɻʂʀʎʄɽɲ ʄʅɸɾ ȿɼɼʓɵɲ

Á Mʓʂʅɺʀʃ ʶʴʶʴ: O WHO ɲɾɲɻɸʂʎʄʄɶɺ ʅɸɾ ɼʀʋɽʊɿɸ ɊȻɇȾɁɆɃȻ

Á ʼ Ɇɲʂʅʋʀʆ ʶʴʶʴ ˊʁʂʒʅɸ ɶɺʄɲɴʊɴʕ ʄɶ ȿɼɼɸɾɺɻʕ Ɇȿɂ

Á 20Ɇɲʂʅʋʀʆ ʶʴʶʴ: lockdown

Á Ƀʀʎɾɺʀʃ ʶʴʶʴˊ ɽɶɴʓɼɸ ɽɶʋʊʄɸ ɻʂʀʆʄɽʓʅʊɾ ʄʅɸɾ ȿɼɼʓɵɲ

Á Ɍɶʁʅʔɽɳʂɺʀʃ ʶʴʶʴ: 2ʀɻʎɽɲ

Ɍʅɸ ʁʂʑʄʇɲʅɸ ɺʄʅʀʂʋɲ ʅɸʃ Ƀɲʅʂɺɻʕʃ ʋʄʊʃ ɶʋɾɲɺ ɸ ɽʑɾɸ ɼʀʋɽʊɿɸ

ʁʀʆ ɽʔʄɲ ʄɶ ʶ ɽʕɾɶʃ ɲʁʑɶɾɵɸɽʋɲʈɲʂɲɻʅɸʂʋʄɹɸɻɶʁɲɾɵɸɽʋɲ



COVID- 19

12/2019-22 September 2020:
31.174.627Confirmed cases - 962.613Deaths



ɇʑʄʀʃCOVID- 19
Ⱦʀɽʕ ʅʀʆ ɺʀʎ



ɇʑʄʀʃCOVID- 19
ȿʋʄʀɵʀʃ ʅʀʆ ɺʀʎ ʄʅʀɾ ɲɾɹʂʒʁɺɾʀ ʀʂɴɲɾɺʄɽʑ



ɇʑʄʀʃCOVID- 19
Ɋɲɹʀʇʆʄɺʀɼʀɴʋɲ



Ä Lung alveolar epithelial cells

Ä Enterocytes of the small intestine

Ä Arterial and venous endothelial cells

Ä Arterial smooth muscle cells

ɇʑʄʀʃCOVID- 19
ACE2 Yʁʀɵʀʈʔɲʃ

Hamming et al J Pathol 2004



Hamming et al J Pathol 2004

ɇʑʄʀʃCOVID- 19
ACE2 Yʁʀɵʀʈʔɲʃ



ɇʑʄʀʃCOVID- 19
Ɋɲʂʓɴʀɾʅɶʃ ɻɺɾɵʎɾʀʆ

Á Ɇɶɴʓɼɸ ɸɼɺɻʋɲ
Ʉɲʅʓ ʅɸɾ ʁʀʂɶʋɲ ʇʓɾɸɻɶ ʑʅɺ ʄʅʑʈʀ ʅɸʃ ɼʀʋɽʊɿɸʃ ɲʁʀʅɶɼʀʎɾ ɻɲɺ
- ʀɺ ɾɶʑʅɶʂɶʃ ɸɼɺɻʋɶʃ
- ʓʅʀɽɲ ʈʊʂʋʃ ʄʆɾʆʁʓʂʈʀɾʅɲ ɾʀʄʕɽɲʅɲ

Á Ɍʆɾʆʁʓʂʈʀɾʅɲ ɾʀʄʕɽɲʅɲ
Á Ɍɲɻʈɲʂʒɵɸʃ Ⱦɺɲɳʕʅɸʃ ɃɃ
Á Ȼʂʅɸʂɺɲɻʕ Ɏʁʔʂʅɲʄɸ
Á ɐʂʑɾɺɶʃ ɾʑʄʀɺ ʅʀʆ ɲɾɲʁɾɶʆʄʅɺɻʀʎ
Á Ȼɾʀʄʀɻɲʅɲʄʅʀɼʕ
Á ȿɾɶʂɴʕ ɻɲɻʀʕɹɶɺɲ
Á Ɋɲʈʆʄɲʂɻʋɲ

Huang C et al Lancet 2020;395:497- 550



ɇʑʄʀʃCOVID- 19
Ɋɲʈʆʄɲʂɻʋɲ

Á ʽʴ ɲʄɹɶɾɶʋʃ ɲʁʑ ʑɼɶʃ ʅɺʃ Ɇȿɂ ʅɸʃ ȿɼɼɸɾɺɻʕʃ ȿʁɺɻʂʓʅɶɺɲʃ

Diabetes Research and Clinical Practice 2020



ɇʑʄʀʃCOVID- 19
Ɋɲʈʆʄɲʂɻʋɲ

Diabetes Research and Clinical Practice 2020



DIRECT MOLECULAR DETECTIONCLINICAL 
SAMPLE

ɬasopharyngeal swab:
reference sample

ATTENTION! USE OF˨ Synthetic EúĆÎ÷ÙÓ zĲÀÌ˩
(ZĆĲ ÿÀġÙĖíÀú˫Ě ÀÓĚĆĖēġíĆĀ æĆĖ ÙææíÎíÙĀġVortex elution)

For Intubated Patients:
Sputum, Bronchial Secretions , BAL:



ɇʑʄʀʃCOVID- 19
Ɋʀɺʓ ɽʔɹʀɵʀʃ ˑ

Caruana G et al.
CMI 2020; Accepted Article https://doi.org/10.1016/j.cmi.2020.06.019



Ɂ ɾʑʄʀʃCOVID- 19 ʁʂʔʁɶɺ ɾɲ ɹɶʊʂɶʋʅɲɺ ʄɲɾ ɾʑʄʀʃ
ʁʀʆ ʁʂʀɻɲɼɶʋ ʁʂʊʅʋʄʅʊʃˌˌ
Ä Ɋɾɶʆɽʀɾʋʅɺɵɲ

Ä ɉɿɶʋɲɶɾɵʀɹɸɼʋʅɺɵɲɻɲɺ ɵɺʓʈʆʅɸ ɹʂʑɽɳʊʄɸ

Ä Ɋɺɹɲɾʓ ɽʆʀɻɲʂɵʋʅɺɵɲ

Ä ˌːːɻɲɺ ɳɼʓɳɶʃ ʄɶ ˣɵɶʆʅɶʂʀʁɲɹʕˤ ʑʂɴɲɾɲ

ɇʑʄʀʃCOVID- 19
Ɍʆʄʅɸɽɲʅɺɻʕ ɾʑʄʀʃ



ɇʑʄʀʃCOVID- 19
Post- mortem findings in CoVID- 19 pneumonia

Barisione M, Grillo F, Ball L et al, Virchows Archiv 2020 

Normal ȻRDS COVID- 19



ɇʑʄʀʃCOVID- 19
Fibrosis & evolution of CoVID- 19

Barisione M, Grillo F, Ball L et al, Virchows Archiv 2020 

Early DAD 
pattern

Mid DAD 
pattern

Late DAD 
pattern

Late DAD 
˜˨KĆĀÙĴÎĆÿÌíĀç˩˝

× Pneumolysis
× Alveolar cell infiltration
× Alveolar Mucocinosis
× Fibrosis
× Vasculolysis



ɇʑʄʀʃCOVID- 19
Distinct phenotypes in CoVID- 19 patients

Robba C et al. Respir Physiol Neurobiol. 2020 May 10:103455

Phenotype 1 
multiple, focal, over - perfused 
ground glass opacities and 

normally aerated areas 

Phenotype 2 
atelectasis and peribronchia l opacities

inhomogeneously distributed 
and hypoperfused

Phenotype 3:
patchy ARDS- like pattern

inhomogeneously distributed 
and hyper and hypoperfused



ɇʑʄʀʃCOVID- 19
CT lung evolution in CoVID- 19

Robba C et al. Respir Physiol Neurobiol. 2020 May 10:103455

Phenotype 1 is rare
Phenotype 3 is 

frequent

In critically ill patients

Phenotype 3
evolves in pneumolysis, 

fibrosis, 
& complicated with VAP



ɇʑʄʀʃCOVID- 19
Less is more = Primum non nocere !

InspirationExpiration

Minimal PEEP for minimal SatO2(88- 95%)/PaO2(55- 80 mmHg)
Minimal Right Ventricle impairment !

VĥĚġ ˨gently˩ ıÙĀġíúÀġÙ ġëÙaerated lung
keeping atelectasis the consolidated lungs at rest !



ɇʑʄʀʃCOVID- 19
Ʉɲʂɵɺɲɻʕ ɾʑʄʀʃ

Hendren et al Circulation 2020



Wuhan/China
Â 3- 12% ɽʆʀɻɲʂɵʋʅɺʃ

Â 40- 60% ɻʀɺɼɺɲɻʔʃ ɲʂʂʆɹɽʋɶʃ

Ɋʂʑʄʇɲʅɲ ɵɶɵʀɽʔɾɲ
Â Ɇʆʀɻɲʂɵɺɲɻʕɳɼʓɳɸ7- 23% 
ʅʊɾ ɾʀʄɸɼɶʆʀɽʔɾʊɾ

Â ȿʁɺɳɶɳɲɺʊɽʔɾɸɽʆʀɻɲʂɵʋʅɺʃ
<10% 

Mt Sinai, NY

Ä 2736 patients admitted 
to Feb 27 ˟ April 12

Ä 36% had an elevated 
troponin - I (>0.03 ng/ml)

Ä 3.1% had a troponin- I > 
0.1ng/ml on admission

Ä 6.3% had a troponin- I > 
0.1ng/ml at any point

ɇʑʄʀʃCOVID- 19
Ʉɲʂɵɺɲɻʕ ɾʑʄʀʃ



Riccardo et al JAMA Cardiol 2020
Derived from www.icnarc.org sept 7 report
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ɇʑʄʀʃCOVID- 19
Ʉɲʂɵɺɲɻʕ ɾʑʄʀʃ

http://www.icnarc.org/


Cangemi et al Am J Cardiol 2015

Time post discharge (days)

Cardiac events in pneumonia 
= poorer long term prognosis

Corrales- Medina et al Am Heart J 2015
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New onset heart failure post pneumonia

ɇʑʄʀʃCOVID- 19
Ʉɲʂɵɺɲɻʕ ɾʑʄʀʃɆ˟ɲɻʂʀʁʂʑɹɶʄɽɶʃ ɳɼʓɳɶʃ



Ä Primary vs secondary

Â Probably secondary

Ä Pei et al J Am Soc Nephrol 2020

Â 333 patients : China, 251 (75.4%) abnormal 
urine dipstick , 35 (10.5%) developed AKI

Ä ICNARC 26% dialysis need

Ä New York ICU 31% (Cummings et al Lancet 
2020)

Ä Autopsy series mostly acute tubular 
necrosis (Vasquez- Bonilla et al Hum Pathol 
2020)

ɇʑʄʀʃCOVID- 19
ɇɶʇʂɺɻʕ ɾʑʄʀʃ

Ronco et al Lancet Resp Med 2020 Idilman et al Eur Radiol 2020;Aug 29:1- 10



Ahmad et al J Clin Neurosci 2020
Ellul et al Lancet Neurol 2020

ɇʑʄʀʃCOVID- 19
Ɋʂʀʄɳʀɼʕ ɄɇɌ

Ä Anosmia / ageusia : up to 2/3rds

Ä Ischaemic stroke

Â 2- 6% in hospitalised patients, higher in severe disease

Â 6 % Wuhan (Li et al), 2% Milan (Lodigiana et al), 

Â 23% France (Helms et al) ˟ ICU population

Ä Encephalopathy 

Ä Encephalitis

Â 8 cases reported to date

Ä Guillain- Barre

Â 19 cases reported to date

Ä Acute disseminated encephalomyelitis and myelitis

Â 2 cases reported to date



Ä Possible accelerated dementia

Heneka et al Alzheimer Res Ther 2020

Ä Depression and chronic fatigue

Ä Concerns over possible increased Parkinsons

Â 3- 5x increase post 1918 H1N1

Beauchamp et al J Parkinsons Dis 2020

ɇʑʄʀʃCOVID- 19
Ɋʂʀʄɳʀɼʕ ɄɇɌ



ɇʑʄʀʃCOVID- 19
Ɏʁɶʂʁɸɻʅɺɻʕ ʇʓʄɸ

Ȼʁɶʆɹɶʋɲʃ ʁʂʀʄɳʀɼʕ ɶɾɵʀɹɸɼɺɲɻʒɾ ɻʆʅʅʓʂʊɾ
ɽʔʄʊ ʅʀʆ ʆʁʀɵʀʈʔɲACE2

Eɾɶʂɴʀʁʀʋɸʄɸ˖ ɵʆʄɼɶɺʅʀʆʂɴʋɲ ɶɾɵʀɹɸɼʋʀʆ

ɔɻʇʂɲʄɸɺʄʅɺɻʀʎʁɲʂʓɴʀɾʅɲ ˜ɍF),ɶɾɶʂɴʀʁʀʋɸʄɸ ɲɺɽʀʁɶʅɲɼʋʊɾ
ɻɲɺ ɲʆɿɸɽʔɾɲ ɶʁʋʁɶɵɲVWF/FVIII

Ɋɲʂɲɴʊɴʕ ɹʂʀɽɳʋɾɸʃ ɻɲɺ ʄʈɸɽɲʅɺʄɽʑʃ ɹʂʑɽɳʊɾ

Ɂ ɹʂʀɽɳʋɾɸ ʁʂʀʓɴɶɺ ʅɸɾ ʇɼɶɴɽʀɾʕ
1. ɽɶ ʅɸɾ ɵʂʓʄɸ ʅɸʃ ʄʅɲ ɲɺɽʀʁɶʅʓɼɺɲˋ ʁʂʀʓɴʀɾʅɲʃ ʅʀɾ
ʄʈɸɽɲʅɺʄɽʑ ɇȿɍ ˜neutrophil extracellular trap) ʄʅɲ
ʀʆɵɶʅɶʂʑʇɺɼɲ

2. ɶɾɶʂɴʀʁʀɺʒɾʅɲʃ ʅʀ ɶɾɵʀɹʕɼɺʀ ɽʔʄʊ ʅʀʆ ʆʁʀɵʀʈʔɲPARʁʀʆ
ɲʁɶɼɶʆɹɶʂʒɾɶɺC5Aɻɲɺ ʀɵɸɴɶʋ ʄʅɸɾ ʁɶʂɲɺʅʔʂʊ ɶɾɶʂɴʀʁʀʋɸʄɸ
ʅʊɾ ɽʀɾʀɻʆʅʅʓʂʊɾ



ɇʑʄʀʃCOVID- 19
Ɏʁɶʂʁɸɻʅɺɻʕ ʇʓʄɸ



Lins M et al Acta Radiol 2020 

ɇʑʄʀʃCOVID- 19
Ɍʆʄʅɸɽɲʅɺɻʕ ȿɾɵʀɹɸɼʋʅɺʃ



ɇʑʄʀʃCOVID- 19
ȿɾɵʀɹɸɼʋʅɺʃ



ɇʑʄʀʃCOVID- 19
COVID- 19 vs Influenza :ɶɾɵʀɹɸɼɺɲɻʔʃ ɳɼʓɳɶʃ

COVID- 19 : Ɋɾɶʎɽʊɾ
- Ɍʀɳɲʂʕ ɶɾɵʀɹɸɼɺɲɻʕ ɳɼʓɳɸ
- Ɋɲʂʀʆʄʋɲ ɺʒɾ ɶɾɵʀɻʆʅʅʓʂɺɲ
- Ʉɲʅɶʄʅʂɲɽɽʔɾɶʃ ɽɶɽɳʂʓɾɶʃ

Ɇɺɻʂʀɲɴɴɶɺʀʁʓɹɶɺɲ
- ɉɺɽɺɻʂʀɹʂʑɽɳʀɺʄʅɲ ɻʆʉɶɼɺɵɺɻʓ
ʅʂɺʈʀɶɺɵʕ ɶʋɾɲɺ ʽ ʇʀʂʔʃ
ʁɶʂɺʄʄʑʅɶʂʀɺɲʁʑʅɺʄʅɸɾ ɴʂʋʁɸː

Ȼɴɴɶɺʀɴʔɾɶʄɺʃ
- ʶːʻ ʇʀʂʔʃ ʁɶʂɺʄʄʑʅɶʂɸɲʁʑʅɺ
ʄʅɸɾ ɴʂʋʁɸ



ɇʑʄʀʃCOVID- 19
ɂʂʀɽɳʊʅɺɻʓ ʄʆɽɳʓɽɲʅɲ



ɇʑʄʀʃCOVID- 19
ɂʂʀɽɳʊʅɺɻʓ ʄʆɽɳʓɽɲʅɲ

ɍȿȿˋmid- esophageal 4- chamber view (ICU day15)
Thrombus in the right atrium

ɍȿȿˋmid- esophageal 4- chamber view (ICU day36)
No evidence of residual thrombus

Am J Case Report 2020 ;21:e926915



Ä GIT 
Â Diarrhoea
Â Abdominal pain

Ä Liver
Â _íúÓ ÙúÙıÀġíĆĀĚ ZE¢˫Ě ÎĆÿÿĆĀ
Â Severe hepatitis is extremely uncommon

Ä Skin
Â Vasculitis (covid- toes), erythema, urticaria , chicken- pox like lesions

Ä Kawasaki- like syndrome in children
Ä ????????????????????

ɇʑʄʀʃCOVID- 19
Ɋʂʀʄɳʀɼʕ ʓɼɼʊɾ ʀʂɴʓɾʊɾ

Patel et al J Clin Virol 2020

Gupta et al Nature Med 2020



ɇʑʄʀʃCOVID- 19
Influenza Ȼssociated Pulmonary Aspergillosis (IAPA)

Influenza patients

- requiring hospitalization: Ḑ0.1%(mortality 4%)

- requiring intensive care: Ḑ5 1˟0% (mortality: 20 - 25%)

IPA in ICU patients with Influenza : 19%

- 14% in non- immunosuppressed patients

- 32% in immunosuppressed patients

- 5% in control group (CAP with neg. airway influenza PCR)

Influenza = Independent risk factor for IPA (aOR5.2 (95% CI, 2.6- 10.3)

- Other risk factors: high APACHE II, male sex, corticosteroids

ỉ use of corticosteroids contra - indicated in influenza

Verwey PE, et al. ICM 2020
Schauwvlieghe A, et al. Lancet Respir Med 2018



ɇʑʄʀʃCOVID- 19
COVID- 19- Associated Pulmonary Aspergillosis

Multiple case report and limited case series
- Largest cohort so far : Whyte et al. (CID 2020)
- Ɇulticenter, prospective cohort
- Study focus: ICU patients with deteriorating respiratory function 

one week post COVID diagnosis ỉ mycological examination with blood 
and deep respiratory samples , Total n=135

- IFD: 26.7% - IPA: 14.1%, yeast infection: 12.6%
- Risk factors for IPA: corticosteroid use and chronic respiratory disease
- Overall mortality: 38%  (53% in patients with IFD)



Ä Data from controlled trials suggest that they do not provide a clinical benefit for patients 

with COVID- 19

Â RECOVERY trial investigators. No clinical benefit from use of hydroxychloroquine in hospitalised patients with 

COVID- 19. https://www.recoverytrial.net/news/statement - from - the- chief- investigators - of- the- randomised-

evaluation- of- covid- 19- therapy- recovery- trial - on- hydroxychloroquine - 5- june- 2020- no- clinical - benefit-

from - use- of- hydroxychloroquine - in- hospitalised- patients- with - covid- 19.

Â µKfː ˨zĆúíÓÀĖíġĴ˩ ÎúíĀíÎÀú ġĖíÀú æĆĖ -f²M2- 19 treatments: Update on hydroxychloroquine. 

https://www.who.int/emergencies/diseases/novel - coronavirus - 2019/global- research - on- novel- coronavirus -

2019- ncov/solidarity - clinical - trial - for - covid-19- treatments .

Â Tang W, Cao Z, Han M, et al. Hydroxychloroquine in patients with mainly mild to moderate coronavirus disease 

2019: open label, randomised controlled trial. BMJ 2020; 369:m1849

Â Cavalcanti AB, Zampieri FG, Rosa RG, et al. Hydroxychloroquine with or without Azithromycin in Mild- to-

Moderate Covid- 19. N Engl J Med 2020.

ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ- Ɏɵʂʀɿʆʈɼʊʂʀɻʋɾɸ



Ä Pros
Â Macrolide
Â Anti- inflammatory effect
Â Possible bacterial co - infection in patients with pneumonia
Â Rate of bacterial co - infection 11%

Ä Cons
Â No direct action on coronaviruses
Â Side effects (cardiotoxicity ) when combined with chloroquine
Â Ȼzithromycin and hydroxychloroquine ČQTc prolongation

ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ- Ȼɷɺɹʂʀɽʆɻʋɾɸ



Ä Ɇulticenter, randomized, open - label, three - group, controlled trial

Ä no supplemental oxygen or a maximum of 4 liters /min

Ä 667 patients radomised to 3 arms 1:1:1

Â standard care  

Â standard care plus hydroxychloroquine (400 mg twice daily)

Â standard care plus hydroxychloroquine (400 mg twice daily) plus azithromycin at a dose of 500 mg 
once daily for 7 days

Â the proportional odds of having a higher score on the seven - point ordinal scale at 15 days was not 
affected by either hydroxychloroquine alone (odds ratio, 1.21; 95% confidence interval [CI], 0.69 to 2.11; 
P = 1.00) or hydroxychloroquine plus azithromycin

Â Prolongation of the corrected QT interval and elevation of liver - enzyme levels were more frequent in 
patients receiving hydroxychloroquine, alone or with azithromycin, than in those who were not 
receiving either agent.

N Engl J Med .2020 Jul 23;NEJMoa2019014.

ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ- Yɵʂʀɿʆʈɼʊʂʀɻʋɾɸ ̝ Ȼɷɺɹʂʀɽʆɻʋɾɸ



ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ ɽɶRemdesivir (RDV)

Ç In vitro activity against an array of RNA virus families including:

ÁFiloviridae, Paramyxoviridae, Pneumoviridae, and Coronaviridae

Ç Intravenous administration once daily via 30- 120 min infusion

ÁLoading dose: RDV 200mg 
ÁMaintenance dose: RDV 100mg 
ÁAvailable in injection solution and lyophilized powder for reconstitution

Ç Inhaled RDV formulation is under investigation

Ç RDV is not suitable PO due to almost complete first pass metabolism

Ç Metabolism is thought to be predominantly mediated by hydrolase activity

Ç Major routes of elimination include renal (74%) and biliary (18%)

Sheahan TP, et al. Sci Transl Med 2017;9:eaal3653, Warren et al, 2016 Nature
https://www.gilead.com/purpose/advancing - global- health/covid - 19/working- to- supply- remdesivir - for - covid- 19



Ä Remdesivir (RDV)is a prodrug of a nucleoside analog that inhibits viral RNA -
dependent RNA polymerase with broad spectrum antiviral activity observed in vitro 
against member of several viral families including  filoviruses (e.g. Ebola) and 
coronaviruses (e.g. SARS- CoVand MERS- CoV)4

Zhu, Na; et al. New England Journal of Medicine. United States. 382 (8): 727˟ 733. doi:10.1056/NEJMoa2001017, Zhou et al Nature Feb 3, 2020, Lu et al. Lancet 2020, 
Warren TK, et al. Nature 2016;531:381- 5, Gordon, et al. 2020 https://www.jbc.org/cgi/doi/10.1074/jbc.AC120.013056Lo MK, et al. Sci Reports 2017;7:43395.

1     RNA synthesis 2        ATP/RDV-TP 3 Delayed chain termination 

- RDV intracellularly undergoes rapid conversion to active nucleoside triphosphate ( RDV- TP), GS- 4439024

- RDV- TP is efficiently incorporated into the nascent RNA chain by viral RNA- dependent RNA polymerase (RdRp) resulting in 
delayed RNA chain termination during viral replication 4,5

ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ ɽɶRemdesivir (RDV)



Grein G. NEJM 2020 

53 patients treated with Remdesivir

ü30 patients (57%) were receiving MV

ü4 (8%) were ECMO.

Follow- up of 18 days

ü36 patients (68%)improvement in oxygen-
support

ü25 patients (47%) were discharged

ü7 patients (13%) died

Wang. Lancet 2020 

ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ ɽɶRemdesivir (RDV)

- Insufficient statistical power

- Treatment started late

- Absence on data regarding virus 
recovery

- No data on Rem R.



Data Source Target N

Hospitalized patients Placebo or 

Standard of 

Care

Key Question Data Available- Key Publication
Moderate Severe Critical

Randomized

Double blind
1063

Is RDV safe and effective 

treatment for COVID-19 

patients?

Beigel NEJM May 2020: RDV superior to 

PBO in time to recovery1

Randomized Open 

label

400

Is a 5 day treatment 

course as effective and 

safe as a 10 day course of 

RDV?

Goldman NEJM May 2020:  Similar 5 

day/10 day efficacy in severe COVID-19 

(non-mechanically ventilated)2

Real-world, 
Retrospective

818*

Is RDV effective when 

compared to RW non-RDV 

cohort?  

Olender Clinical Infectious Diseases 

July 2020:  RDV was associated with 

significantly improved recovery compared 

with standard of care (p<0.001)3

PM S

S

CACTT1
NCT04280705

GS-US-540-5773
NCT04292899

Non-RDV
GS-US-540-5807

S SoC

Beigel JH et al. NEJM 22 May 2020, Goldman et al. NEJM 27 May 2020, Olender SA, et al.Clinical Infectious 
Diseases, 24 July 2020

*N = non-RDV cohort. 312 patients were inc. in RDV cohort within this study

ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ ɽɶRemdesivir (RDV)- Ʉɼɺɾɺɻʔʃ ɽɶɼʔʅɶʃ



ɇʑʄʀʃCOVID- 19
NIAID Study (ACTT- 1)

RRR: 1.32; 95% CI 1.12 to 1.55
p<0.001

Overall (Primary Endpoint)

RDV produced 32% faster time to recovery and reduced 
time to recovery from 15 to 11 days compared to placebo 

Preliminary efficacy results of RDV compared to placebo

Beigel JH et al. NEJM 22 May 2020

Improvement at Day 15*

M
e
d
ia

n
 t
im

e
 t
o

 r
e
co

ve
ry

, 
d
a

ys

RDV produced 50% higher rate of clinical 
improvement on the ordinal scale compared to 

placebo

OR: 1.50; 95% CI 
1.18 to 1.91

P=0.001

Overall (Secondary Endpoint)

*Improvement/recovery was defined as the first day during the 28 days after enrollment on which a patient 

satisfied categories 1,2, or 3 on the eight category ordinal scale



ɇʑʄʀʃCOVID- 19
NIAID Study (ACTT- 1)

Beigel JH et al. NEJM 22 May 2020; SmPc Veklury July 3, 2020. COVID- 19 Treatment Guidelines, NIH 
https://www.covid19treatmentguidelines.nih.gov/antiviral - therapy/remdesivir/

Mortality by 14 Day in Overall Population

There was a non- statistically significant trend toward lower 
mortality in the RDV group vs the placebo group by Day 14

Recovery and Death by Day 14 according to Ordinal
Score at Baseline

RDV was associated with shorter time to recovery and survival 
benefit among patients with a baseline ordinal score of 5

Baseline ordinal 

scale

4 5 6 7

RDV

(n=67)

Placebo

(n=60)

RDV

(n=222)

Placebo

(n=199)

RDV

(n=98)

Placebo

(n=99)

RDV

(n=125)

Placebo

(n=147)

Number of 

Recoveries
61 47 177 128 47 43 45 51

Median days (95% 

CI)
5 (4-6) 6 (4-8) 7 (6-8) 9 (7-11)

16 

(NE-10)

22

(NE-12)
(NE-NE)

28 

(NE-22)

RRR (95% CI)* 1.38 (0.94, 2.03) 1.47 (1.17, 1.84) 1.20 (0.79, 1.81) 0.95 (0.64, 1.42)

Deaths

HR (95% CI)

0.46

(0.04-5.08)

0.22

(0.08, 0.58)

1.12

(0.53, 2.38)

1.06

(0.59, 1.92)

https://www.covid19treatmentguidelines.nih.gov/antiviral-therapy/remdesivir/


ɇʑʄʀʃCOVID- 19
NIAID Study (ACTT- 1)

Organ Class Serious AEs

Remdesivir (N= 541) 

No. (%)

Placebo (N=522) 

No. (%)

Any System Organ Class Any 114 (21.1) 141 (27.0)

Renal and urinary Acute kidney injury a 4 (0.7) 7 (1.3)

Glomerular filtration rate decreased a 3 (0.6) 2 (0.4)

Infections and infestations Pneumonia viral 3 (0.6) 7 (1.3)

Respiratory, Thoracic and mediastinal 

disorders

Respiratory failure 28 (5.2) 42 (8.0)

Acute respiratory failure 9 (1.7) 12 (2.3)

Vascular disorder Hypotension 2 (0.4) 12 (2.3)

Preliminary Results of NIAID Study (ACTT-1): Safety Summary

4 SAE events (2 in each arm) were judged by site investigators to be related to the study product
a. The combined number of subjects with either glomerular filtration rate decreased and/or acute kidney injury are 7 for Remdesi vir and 9 for Placebo.

SAEs were numerically lower in RDV (21%) compared to placebo (27%)

Beigel JH et al. NEJM 22 May 2020



ɇʑʄʀʃCOVID- 19
SIMPLE Study

5 days of RDV (n=200) 

10 days of RDV (n=197) 

10- to- 5 days Adjusted Odds Ratio (aOR)

ÅClinical improvement - defined as an improvement of two or more points from baseline on a predefined 7 - point scale, ranging from 
hospital discharge to increasing levels of oxygen support to death
ÅClinical recovery - defined as no longer requiring oxygen support or discharged from the hospital

(95% CI, 0.51, 1.12)

Goldman et al. NEJM 27 May 2020



ɇʑʄʀʃCOVID- 19
Analysis of RDV vs Standard of Care

Recovered by Day 14 Mortality at Day 14
aOR 0.38 

95% CI (0.22 to 0.68) 
p=0.001

Phase 3  trial and a retrospective cohort of patients with severe COVID -19 treated with SoC

By Day 14, RDV was associated with significantly improved recovery 
and 62% reduced odds of death  compared to a retrospective RW standard of care cohort

Olender SA, et al. Clinical Infectious Diseases, 24 July 2020



ɇʑʄʀʃCOVID- 19
Mortality at Day 14: RDV vs Placebo or SoC

HR: 0.70
95% CI ( 0.47 to 1.04) 

ACTT- 1: Mortality by Day 141*

Hospitalized patients on RDV numerically trended towards lower 
mortality vs placebo with a survival benefit in those requiring 

supplemental O2 
1

RDV used in clinical trial was associated with 
62%reduced odds of death compared to a RW- SoC 

cohort 2

Study 5773/ RW Study 5807 Analysis 
Mortality at Day 142

aOR 0.38 
95% CI (0.22 to 0.68), p=0.001

Beigel JH et al. NEJM 22 May 2020, Olender SA, et al. IDSA. 2020, COVID- 19 Treatment Guidelines, NIH 
https://www.covid19treatmentguidelines.nih.gov/antiviral - therapy/remdesivir/

Ordinal scale3 4 5 6 7

Deaths

HR (95% CI)

0.46

(0.04, 5.08)

0.22

(0.08, 0.58)

1.12

(0.53, 2.38)

1.06

(0.59, 1.92)

https://www.covid19treatmentguidelines.nih.gov/antiviral-therapy/remdesivir/


ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ ɽɶ ʁɼʓʄɽɲ





Food and Drug Administration. Revised Information for Investigational COVID- 19 Convalescent Plasma. 2020; https://www.fda.gov/vaccines blood- biologics/investigational - new- drug-
ind- or- device- exemptio nide- process- cber/revised - information - investigational - covid- 19- convalescent- plasma. Accessed April 08, 2020.

Ç According to the FDA, eligible 
recipients of convalescent plasma 
should be
ÁCOVID- 19 positive patients with severe disease 

(dyspnea, respiratory frequency Ó30/min, blood 
oxygen saturation 93% or less, partial pressure 
of arterial oxygen to fraction of inspired oxygen 
ratio less than 300, and/or lung infiltrates > 50% 
within 24 to 48hours) 

OR

Áa life- threatening disease (respiratory failure, 
septic shock, multiple organ dysfunction) 

ÁPatients must give informed consent  

ɇʑʄʀʃCOVID- 19
ɂɶʂɲʁɶʋɲ ɽɶ ʁɼʓʄɽɲ

https://www.fda.gov/vaccines


ɇʑʄʀʃCOVID- 19
Aɾʀʄʀɹɶʂɲʁɶʋɲ



ɇʑʄʀʃCOVID- 19
Aɾʀʄʀɹɶʂɲʁɶʋɲ



ɇʑʄʀʃCOVID- 19
Aɾʀʄʀɹɶʂɲʁɶʋɲ



ɇʑʄʀʃCOVID- 19
Aɾʀʄʀɹɶʂɲʁɶʋɲ

Á189 patients were allocated to the placebo arm

Á405 patients were allocated to the anakinra arm 



ɇʑʄʀʃCOVID- 19 
Main Results of SAVE- MORE



Paxlovid: PF-07321332 + ɅɘŰɞɜŬɓɑɟɖ

ÇAɜŬůŰɏɚɚŮɘŰɖɜ əɨɟɘŬ

ˊɟɤŰŮɎůɖŰɞɡSARS-CoV-2

(Mpro) [ŬɜŬűɏɟŮŰŬɘŮˊɑůɖɠɤɠ

3C-like (3CLpro) ɐ nsp5

ˊɟɤŰŮɎůɖ]

ÇɃ ˊɟɩŰɞɠɛɘəɟɞɛɞɟɘŬəɧɠ

ŬɜŰɘ-ɘɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ

ůɢŮŭɘŬůɛɏɜɞɠŮɘŭɘəɎɜŬ

ŬɜŬůŰɏɚɚŮɘŰɞɜSARS-CoV-2

ÇȷɜŬůŰɞɚɏŬɠˊɟɤŰŮɎůɖɠŰɞɡ

HIV-1 ȹŮɜŮɑɜŬɘ

ŬˊɞŰŮɚŮůɛŬŰɘəɐɏɜŬɜŰɘŰɞɡ

SARS-CoV-2

ÇūŬɟɛŬəɞəɘɜɖŰɘəɧɠŮɜɘůɢɡŰɐɠ

(booster): ɆŮɢŬɛɖɚɏɠŭɧůŮɘɠ,

ˊŬɟɏɢŮɘŬɡɝɖɛɏɜŮɠůɡɔəŮɜŰɟɩůŮɘɠŰɞɡPF-07321332

ůŰɞ́ ɚɎůɛŬ,ŬɜŬůŰɏɚɚɞɜŰŬɠŰɞɜɛŮŰŬɓɞɚɘůɛɧŰɞɡ

ɛɏůɤŰɞɡCYP3A

PF-07321332 (Nirmatrelvir) ɅɘŰɞɜŬɓɑɟɖ 

1.PAXLOVID ɄŮɟɑɚɖɣɖɉŬɟŬəŰɖɟɘůŰɘəɩɜɄɟɞɥɧɜŰɞɠ01/2022 2. PAXLOVID Fact Sheet for Healthcare Providers. Pfizer Inc.; December 22, 2021. 3. Rubin et al. N Engl J Med. 2022 Feb
16. doi: 10.1056/NEJMe2202160 4. Hammond J et al. N Engl J Med 2022. 386:1397-1408.



ɇʑʄʀʃCOVID- 19
Paxlovid: Nirmatrelvir + ɋɺʅʀɾɲɳʋʂɸ

ÇAɾɲʄʅʔɼɼɶɺ ʅɸɾ ɻʎʂɺɲ ʁʂʊʅɶʓʄɸ
ʅʀʆ z vz- CoV- 2 (Mpro)
˚ɲɾɲʇʔʂɶʅɲɺ ɶʁʋʄɸʃ ʊʃ ʷ-- like 
(3CLpro)ʕnsp5ʁʂʊʅɶʓʄɸ˛

Çɉ ʁʂʒʅʀʃ ɽɺɻʂʀɽʀʂɺɲɻʑʃ ɲɾʅɺ-ɺɺɻʑʃ
ʁɲʂʓɴʀɾʅɲʃ ʄʈɶɵɺɲʄɽʔɾʀʃ ɶɺɵɺɻʓ ɾɲ
ɲɾɲʄʅʔɼɼɶɺ ʅʀɾ z vz- CoV- 2

ÇȻɾɲʄʅʀɼʔɲʃ ʁʂʊʅɶʓʄɸʃ ʅʀʆ KM²- 1 
Ⱦɶɾ ɶʋɾɲɺ ɲʁʀʅɶɼɶʄɽɲʅɺɻʕ ʔɾɲɾʅɺ ʅʀʆ z vz- CoV- 2

Çɏɲʂɽɲɻʀɻɺɾɸʅɺɻʑʃ ɶɾɺʄʈʆʅʕʃ
(booster): Ɍɶ ʈɲɽɸɼʔʃ ɵʑʄɶɺʃˋ ʁɲʂʔʈɶɺ
ɲʆɿɸɽʔɾɶʃ ʄʆɴɻɶɾʅʂʒʄɶɺʃ
Nirmatrelvir ʄʅʀ ʁɼʓʄɽɲˋ
ɲɾɲʄʅʔɼɼʀɾʅɲʃ ʅʀɾ ɽɶʅɲɳʀɼɺʄɽʑ ʅʀʆ
SARɽʔʄʊ ʅʀʆ -·sʷ

Nirmatrelvir ɋɺʅʀɾɲɳʋʂɸ

1.PAXLOVIDɊɶʂʋɼɸʉɸɐɲʂɲɻʅɸʂɺʄʅɺɻʒɾɊʂʀʌʑɾʅʀʃ01/2022 2. PAXLOVIDFact Sheet for Healthcare Providers . Pfizer Inc.; December 22, 2021.
3. Rubin et al. N Engl J Med. 2022Feb 16. doi: 10.1056/NEJMe22021604. Hammond J et al. N Engl J Med 2022. 386:1397- 1408.



ɇʑʄʀʃCOVID- 19
3CLpro (ʕMpro)

3CLpro (ɐ Mpro)

ȿʋɾɲɺɲʁɲʂɲʋʅɸʅɸ ɴɺɲ ʅʀɾ ɻʎɻɼʀ
ʁʀɼɼɲʁɼɲʄɺɲʄɽʀʎ ʅʀʆ ɺʀʎ
˜ɶʁɶɿɶʂɴɲʄʋɲ ʅʊɾ ʁʂʑɵʂʀɽʊɾ

ʁʀɼʆʁʂʊʅɶʌɾɺɻʒɾ
ɶɾʒʄɶʊɾ ʅʀʆ ɺʀʎ ʄɶ ɼɶɺʅʀʆʂɴɺɻʔʃ ɽʀɾʓɵɶʃ˝

ɔʈɶɺʈɲɽɸɼʕ ʁɺɹɲɾʑʅɸʅɲ ɶɻʅʑʃ
ʄʅʑʈʀʆ

ɵʂɲʄʅɺɻʑʅɸʅɲʃ,ɼʑɴʊ ɲʁʀʆʄʋɲʃ
ɴɾʊʄʅʒɾ ɲɾɹʂʒʁɺɾʊɾ ɲɾɲɼʑɴʊɾ

ȿʋɾɲɺɻɲɼʓ ɵɺɲʅɸʂɸɽʔɾɸ ʁʂʊʅɶʍɾɸ ɽʔʄɲ
ʄʅɸɾ ʀɽʓɵɲ ʅʊɾ ɻʀʂʊɾʀʌʒɾɻɲɺ ʀɺ
ɲɾɲʄʅʀɼɶʋʃ ʅɸʃ ɶʋɾɲɺ ʁɺɹɲɾʑ ɾɲ

ɵɺɲʅɸʂʕʄʀʆɾ ʅɸ ɵʂɲʄʅɺɻʑʅɸʅʓ ʅʀʆʃ
ʔɾɲɾʅɺ ɽɶɼɼʀɾʅɺɻʒɾ ʄʅɶɼɶʈʒɾ

1 32

ɴ˄ʰˌ ʶ˂ˁˎˋˍʽˁˈˌ ʻʶˊʰˉʶˎˍʽˁˈˌ ˋˍˈ˔ˇˌ

coronavirus 3 - chymotrypsin - like-
protease ʕMpro, ɻʎʂɺɲ ʁʂʊʅɶʓʄɸ

1. Owen DR, et al. Science 2021;374(6575):15869˟3; 2 Ahmad B, et al. Int J Mol Sci 2021;22(17):9124; 2. Yang H, et al. PLoS Biol 2005:3(10):e324; 3. Razali R, et al. Microorganisms 
2021;9(12):2481. 4. Rubin et al. N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJMe2202160 5. Hammond J et al. N Engl J Med 2022. 386:1397- 1408. 



3CLpro, coronavirus 3- chymotrypsin - like- protease

1. Owen DR, et al. Science 2021;374(6575):1586˟93; 2 Ahmad B, et al. Int J Mol Sci 2021;22(17):9124; 3. Yang H, et al. PLoS Biol 2005:3(10):e324; 4. 
Razali R, et al. Microorganisms 2021;9(12):2481. 

ÅȼNirmatrelvir ŭŮůɛŮɨŮŰŬɘůŰɞŮɜŮɟɔɧəɏɜŰɟɞŰɖɠ3CLpro

əŬɘůɢɖɛŬŰɑɕŮɘŬɜŬůŰɟɏɣɘɛɞɞɛɞɘɞˊɞɚɘəɧŭŮůɛɧɛŮŰɞ

əŬŰŬɚɡŰɘəɧɡˊɧɚŮɘɛɛŬəɡůŰŮȶɜɖɠCys1451,2

ÅȼŬɜŬůŰɞɚɐŰɖɠ3CL ˊɟɤŰŮɎůɖɠŰɖɜəŬɗɘůŰɎŬɜɑəŬɜɖɜŬ

ŮˊŮɝŮɟɔŬůŰŮɑŰɘɠŬɟɢɘəɏɠˊɞɚɡˊɟɤŰŮȶɜŮɠ,ɔŮɔɞɜɧɠˊɞɡ

ɞŭɖɔŮɑůŮ́ ŬɟŮɛˊɧŭɘůɖŰɞɡ́ɞɚɚŬˊɚŬůɘŬůɛɞɨŰɞɡɘɞɨ1

Åȼ 3CLpro ŬˊɞŰŮɚŮɑɏɜŬɜŬˊɧŰɞɡɠ́ɘɞ

ŮɚəɡůŰɘəɞɨɠɗŮɟŬˊŮɡŰɘəɞɨɠůŰɧɢɞɡɠɔɘŬŰɞɡɠ

əɞɟɤɜɞɥɞɨɠ

ī ȷˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɞɜ ɘɘəɧ ˊɞɚɚŬˊɚŬůɘŬůɛɧ3

ī Ƀ ɗɨɚŬəŬɠ ŭɏůɛŮɡůɖɠ Űɞɡ ɡˊɞůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ 

əŬɚɎůɡɜŰɖɟɖɛɏɜɞɠ (highly conserved)3

ī ȼ ŬɚɚɖɚɞɡɢɑŬ Űɤɜ Ŭɛɘɜɞɝɏɤɜ ˊɞɡ ŬɜŬɔɜɤɟɑɕŮɘ ɖ 3CLpro (Leu-

GlnŹSer-Ala-Gly) ŭŮɜ ůɢŮŰɑɕŮŰŬɘ ɛŮ əɎˊɞɘŬ ɔɜɤůŰɐ Ŭɜɗɟɩˊɘɜɖ 

ˊɟɤŰŮɎůɖ4

Nirmatrelvir

ɇʑʄʀʃCOVID- 19
Mɸʈɲɾɺʄɽʑʃ ɵʂʓʄɸʃNirmatrelvir 



ɇʑʄʀʃCOVID- 19
Ȼɾɲʄʅʀɼɶʋʃ Ɋʂʊʅɶʓʄɸʃ

1. Owen DR, et al. Science 2021;374(6575):15869˟3; 2 Ahmad B, et al. Int J Mol Sci 2021;22(17):9124; 3. Yang H, et al. PLoS Biol2005:3(10):e324; 4. Razali R, et al. 
Microorganisms 5 . Rubin et al. N Engl J Med. 2022 Feb 16. doi: 10.1056/NEJMe2202160. 6. Hammond J et al. N Engl J Med 2022. 386:1397- 1408.



ȿɾɵɶʋɻɾʆʅɲɺ ʄɶ ʄʆɾɵʆɲʄɽʑ ɽɶ ʓɼɼʀʆʃ ɲɾʅɺʂɶʅʂʀʌɻʀʎʃ
ʁɲʂʓɴʀɾʅɶʃ ɴɺɲ ʅɸ ɹɶʂɲʁɶʋɲ ɲʄɹɶɾʒɾ ʁʀʆ ʔʈʀʆɾ ʁʂʀʄɳɼɸɹɶʋ ɲʁʑ
ʅʀɾ KM²-ʵ ˜ɶɾʕɼɺɻɶʃ ɻɲɺ ʁɲɺɵɺʓ ɸɼɺɻʋɲʃ ʶ ɶʅʒɾ ɻɲɺ ʓɾʊ˝

ɐʂɸʄɺɽʀʁʀɺɶʋʅɲɺ ʊʃ ʇɲʂɽɲɻʀɻɺɾɸʅɺɻʑʃ ɶɾɺʄʈʆʅʕʃ ʄɶ ʄʆɾɵʆɲʄɽʑ
ɽɶ ʓɼɼʀʆʃ KM² ɲɾɲʄʅʀɼɶʋʃ ʁʂʊʅɶʓʄɸʃ ʄɶ ʈɲɽɸɼʑʅɶʂɸ ɵʑʄɸ
(100mg/200mg ɽʋɲ ʔʊʃ ɵʎʀ ʇʀʂʔʃ ɸɽɶʂɸʄʋʊʃ ɲɾʓɼʀɴɲ ɽɶ ʅʀɾ
ʁɲʂʓɴʀɾʅɲ˝

Ƀʄʈʆʂʑʃ ɲɾɲʄʅʀɼʔɲʃ ʅʀʆCYP3A4 ɽɶ ɴɾʊʄʅʑ ʁʂʀʇʋɼ ɲʄʇʓɼɶɺɲʃ
˜ʀɺ ʁɶʂɺʄʄʑʅɶʂɶʃ Ȼȿ ʁɲʂɲʅɸʂʀʎɾʅɲɺ ʄɶ ʆʉɸɼʑʅɶʂɶʃ ɵʑʄɶɺʃ ˊ ʺʴʴ
ÿç ɵʎʀ ʇʀʂʔʃ ɸɽɶʂɸʄʋʊʃ˝

Ⱦɶɾ ɶʋɾɲɺ ɵʂɲʄʅɺɻʕ ʔɾɲɾʅɺ ʅʀʆSARS- CoV- 2 
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EC90, 90% effective concentration
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