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Disclaimers

 No conflicts of interest to disclose 

 Data/knowledge on COVID-19 constantly evolving so 

information presented today as current as possible

 Too much data/information!

 Focus will be highlights, key studies (mostly peer-reviewed), 

and recent updates regarding ID-related management in adults 

and vaccines



Objectives

 Understand how SARS-CoV-2 and the pathophysiology of 

COVID-19 may affect our prevention and treatment 

strategies  

 Evaluate the role of monoclonal antibodies for COVID-19

 Discuss the current guidelines and evidence-based treatment 

options for hospitalized patients with COVID-19

 Review the available COVID-19 vaccines and their safety and 

efficacy updates



Introduction

 COVID-19 – disease caused by novel severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2)

 Single-stranded RNA virus

 Most common coronaviruses in clinical practice before this 

caused common colds

 SARS-CoV-2 – 3rd coronavirus to cause severe disease

 Severe acute respiratory syndrome (SARS) – 2002-2003

 Middle East respiratory syndrome (MERS) – 2012 



Statistics

WHO. https://covid19.who.int/ Accessed 5/16/21.

https://covid19.who.int/


Statistics

CDC COVID Data Tracker. https://covid.cdc.gov/covid-data-tracker. Accessed 5/16/21. 
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SARS-CoV-2

Chilamakuri R, Agarwal S. Cells. 2021. 



Spike protein mutations

 Mutations to RBD of spike protein may:

 Increase  affinity to ACE2 → increased transmissibility?

 Reduce protection from natural infection, vaccine, or 

monoclonal antibodies

Zhou, et al. Cell. 2021. 

NY Times. 

https://www.nytimes.com/interactive/2021/health/cor

onavirus-variant-tracker.html. Accessed 5/16/21.  

https://www.nytimes.com/interactive/2021/health/coronavirus-variant-tracker.html


SARS-CoV-2 Variants  

 CDC established classification with 3 classes of variants:

 WHO has similar classifications but may differ from US due 

to regional variants 

Variants of 
High 

Consequence 

Variants of 
Concern

Variants 
of 

Interest
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Pathophysiology

McGrath, et al. Lancet Resp Med. July 2020. 



Pathophysiology

Parasher. Postgrad Med J. Sept 2020. 



Outline

 Treatment of COVID-19

 Monoclonal antibodies

 Remdesivir

 Treatments aimed at inflammatory/immune response to virus

 Prevention of COVID-19

 Vaccines

 Safety concerns 

 Special populations



Assessment Question  #1

 Which of the following is the only medication to be 

recommended as a AI recommendation in current NIH 

COVID-19 treatment guidelines?

A.  Remdesivir

B.  Dexamethasone

C.  Tocilizumab

D.  Casirivimab/imdevimab

E.  Hydroxychloroquine



Monoclonal Antibodies

 Neutralizing monoclonal 

antibodies target receptor-

binding domain (RBD) of spike 

protein of SARS-CoV-2

 Each antibody binds to 

different epitope of RBD

 Available antibodies derived 

from serum of patients early in 

pandemic and humanized mice 

exposed to SARS-CoV-2

Taylor, et al. Nature. April 2021. 



Monoclonal Antibodies

 Being evaluated for treatment and prophylaxis in early disease

 ACTIV-3 trial in hospitalized patients stopped early for futility1

 EUAs

 Bamlanivimab 700mg – 11/9/2020

 Casirivimab/imdevimab (REGN10933) 1200mg/1200mg –

11/21/2020

 Bamlanivimab /etesevimab 700mg/1400mg – 2/9/2021

 Treatment of non-hospitalized patients with mild-mod COVID-19 

at high risk of severe dx or hospitalization

 Administered ASAP after positive test and w/in 10 days of 

symptom onset 

1. ACTIV-3/TICO LY-CoV555 Study Group. NEJM. 2020.



FDA news release. https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-

update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab

https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-revokes-emergency-use-authorization-monoclonal-antibody-bamlanivimab


Monoclonal Antibodies

 EUAs

 Casirivimab/imdevimab (REGN10933) 1200mg/1200mg 

 Bamlanivimab /etesevimab 700mg/1400mg 

 Treatment of non-hospitalized patients with mild-mod COVID-19 

at high risk of severe disease or hospitalization

 Body mass index (BMI) ≥35

 Chronic kidney disease

 Diabetes mellitus

 Immunocompromising condition

 Currently receiving immunosuppressive treatment

 Aged ≥65 years

 Aged ≥55 years and have: CV disease, HTN, or COPD/chronic resp disease 



Evidence for Monoclonal Antibodies

 Limited published, peer-reviewed literature

 BLAZE-1 – Bam vs. bam/ete (2800/2800mg) vs. placebo

 Interim results published1

 Bam/ete group had significant change of viral load (p=0.01) and lower 

proportion of hospitalizations/ER visits (1/109 vs. 9/152, p=0.049)

 Unpublished2

 Reduction in hospitalization/death by any cause by day 29 (11/518 

(2.1%) vs. 36/517 (7.0%); p=0.0004)

1. Gottlieb, et al. JAMA. 2021. 

2. NIH COVID-19 guidelines.  Updated 4/21/21. 



Evidence for Monoclonal Antibodies

 Limited published, peer-reviewed literature

 Casi/imdevi

 Interim results published1

 Reduction in viral load, numerically lower medically attended visits, esp

Ab-

 Unpublished2

 Reduction in hospitalization/death by any cause by day 29 (18/1355 

(1.3%) vs. 62/1341 (4.6%); p<0.0001)

 NIH guidelines – recommends either product for use as 

outlined in EUA

 Advises to start ASAP positive result and w/in 10 days of 

symptom onset; may need to consider regional variants
1. Weinreich, et al. NEJM. 2021. 

2. NIH COVID-19 guidelines.  Updated 4/21/21. 



NIH COVID-19 Treatment Guidelines. Last update  April 21, 2021.



Remdesivir

 Inhibitor of viral RNA-dependent, RNA polymerase – affects 

viral replication 

 Repurposed drug – did not work well for Ebola but in vitro 

activity against SARS-CoV2 and animal studies suggested 

lower viral loads and less lung damage when given early

 Several clinical trials 

 ACTT-1 

 SOLIDARITY 



ACTT-1 Trial 
 Randomized, placebo-controlled, double-blind

 Enrolled 1062 hospitalized patients with COVID-19 and 

evidence of LRTI in 60 international trial sites (45 in US) 

from Feb 21 – April 19, 2020

 Patients clinical status assessed daily with 8-category ordinal 

scale for 28 days

 Outcomes

 Primary –Time to recovery (category 1-3 – not hospitalized or 

hospitalized but not for COVID-19 treatment)

 Key secondary 

 Clinical status at day 15

 Mortality at 15 and 29 days

Beigel, et al. NEJM. 2020.



ACTT-1 Trial

Beigel, et al. NEJM. 2020.



ACTT-1 Trial

Beigel, et al. NEJM. 2020.



ACTT-1 Trial

Beigel, et al. NEJM. 2020.



Remdesivir

 ACTT-1 trial led to FDA approval on Oct 22 for treatment of 

adults and pediatric patients ≥12 years old and weighing ≥40 

kg requiring hospitalization for COVID-19

 However, SOLIDARITY trial…



SOLIDARITY Trial

 Randomized, open-label, adaptive

 Enrolled 11,330 hospitalized patients with COVID-19 in 30 

countries (405 hospitals) from March 22 – October 4, 2020

 2743 randomized to remdesivir, 2708 to standard of care 

 ~48% in each group received corticosteroids

 Outcomes

 Primary – In-hospital mortality – 11% vs. 11.1% (p=0.50)

 Secondary 

 Initiation of mechanical ventilation – 10.8 vs. 10.5% 

 Duration of hospitalization – no difference  

WHO Solidarity Trial Consortium. NEJM. 2020.



SOLIDARITY Trial

WHO Solidarity Trial Consortium. NEJM. 2020.



SOLIDARITY Trial

WHO Solidarity Trial Consortium. NEJM. 2020.



NIH COVID-19 Treatment Guidelines. Last update  April 21, 2021.



Remdesivir Safety

 Adverse effect profile similar in ACTT-1 trial

 Transaminase elevations (2-8%) 

 Per package insert, consider discontinuing if ALT > 10x ULN 

or if any s/sx of liver failure

 Monitoring at baseline and throughout therapy



Remdesivir Safety

 Renal disease/failure

 Concern of accumulation of excipient SBECD1

 Safety threshold 250mg/kg/day of SBECD

 100mg remdesivir powder, solution contains 3 and 6g of SBECD 

 Small case series in AKI/CKD

 20 patients2, 18 patients3, 46 patients4, 40 patients5– no difference in 

ALT or SCr elevations  

 Pregnancy

 Compassionate use in 86 pregnant women6 – well tolerated

 NIH guidelines – Remdesivir should not be withheld from 

pregnant patients if it is otherwise indicated

1. Adamsick, et al. JASN. 2020. 4. Thakare, et al. Kidney Int Rep. 2021. 

2. Pettit, et al. CID. 2020. 5.  Ackley, et al. AAC. 2021.

3. Estiverne, et al. Kidney Int Rep. 2020. 6. Burwick, et al. CID. 2020. 



Dexamethasone – RECOVERY Trial

 Multicenter, randomized, open-label trial in hospitalized 

patients with COVID-19 in UK 

 Enrolled 2104 patients to receive dexamethasone (6mg 

IV/PO daily) vs. 4321 standard of care 

 Outcomes

 Primary – all-cause mortality within 28 days of randomization

 Secondary 

 Time to discharge

 Progression to mechanical ventilation or death

RECOVERY Collaborative Group. NEJM. 2020. 



RECOVERY Trial





RECOVERY Trial



NIH COVID-19 Treatment Guidelines. Last update  April 21, 2021.



Immunomodulators – IL-6 Inhibitors 
 COVACTA1 – severe COVID-19 w oxygen sat < 93%

 Enrolled 294 toci vs. 144 placebo from April 13 – May 28, 2020

 No difference in clinical status or mortality 

 Veiga, et al2 – severe or critical COVID-19 – supp O2  or mech

vent

 Enrolled 129 patients from May 8 – July 17, 2020

 Stopped early for excess deaths at 15 days in tocilizumab group (17 vs. 3%); in-

hospital mortality 21 vs. 9% (p=0.02)

 EMPACTA3 – hospitalized w COVID-19 PNA not on mech vent

 Modified Intention-to-Treat – 249 tocilizumab vs. 128 placebo

 Primary outcome – combined mechanical ventilation or death 12% vs. 19.3% 

(p=0.04)

 Secondary outcome – no difference in death from any cause 

1. Rosas, et al. NEJM. 2021. 3. Salama, et al. NEJM. 2021. 

2. 2. Veiga, et a. lBMJ. 2021.



IL-6 Inhibitors – Mostly Tocilizumab☺
 REMAP-CAP – ICU patients within 24 hours of resp support –

April 19 – Nov 19, 2020

 353 tocilizumab, 48 sarilumab, 402 control

 93% treated with steroids; 33% with remdesivir; median 1.2 days from hospital 

admission to enrollment 

 Organ support-free days (10, 11 vs. 0) – toci median adjusted OR 1.64 (95% 

credible interval 1.25 – 2.14) 

 In-hospital mortality 27% (pooled) vs. 36% – toci median adjusted OR 1.64 

(95% credible interval 1.14 – 2.35) 

 RECOVERY – pts w oxygen sat <92% or requiring O2 and CRP 

≥ 75 mg/L – April 23, 2020 – Jan 24, 2021

 621 toci vs. 729 control – 82% steroids 

 Mortality at 28 days (31 vs. 35%; p=0.0028)

 Discharge w/in 28 days (57% vs 50%; p<0·0001)
1. REMAP-CAP. NEJM. February 25, 2021.

2. RECOVERY. Lancet. May 1, 2021. 



NIH COVID-19 Treatment Guidelines. Last update  April 21, 2021.



Immunomodulators

 JAK inhibitors – baricitinib

 EUA on Nov 19, 2020

 Baricitinib + remdesivir in hospitalized patients with COVID-19 who 

require supplemental oxygen, mechanical ventilation, or ECMO

 Primarily due to ACTT-2 results 

 Double-blind, placebo-controlled in 8 countries from May 8 – July 1

 Baricitinib (4mg daily x 14 days) + remdesivir (10 days) (n=515) vs. 

remdesivir alone (n=518) 

 Combination group recovered 1 day faster (7 vs. 8 days; p=0.03)

 High flow or non-invasive ventilation most benefit (10 vs. 18 days)

 No difference in mortality 

Kalil, et al. NEJM. 2020. 



Immunomodulators
 JAK inhibitors – baricitinib

 ACTT-4  – baricitinib + remdesivir vs. dexamethasone + 

remdesivir

 NIH enrollment closed April 13, 2021 for pre-defined futility criteria 

indicating neither treatment regimen studied likely significantly better 

than the other1

 NIH guidelines2

 Insufficient data to recommend either for or against use of baricitinib + 

remdesivir for the treatment of COVID-19 in hospitalized patients, when 

corticosteroids can be used

 In rare circumstance when corticosteroids cannot be used,  

recommends baricitinib + remdesivir for the treatment of COVID-19 in 

hospitalized, non-intubated patients who require oxygen supplementation

1. Press release: https://www.nih.gov/news-events/news-releases/nih-closes-enrollment-trial-comparing-covid-

19-treatment-regimens. April 15, 2021.

2. NIH COVID-19 guidelines. Updated April 21, 2021. 

https://www.nih.gov/news-events/news-releases/nih-closes-enrollment-trial-comparing-covid-19-treatment-regimens


Assessment Question  #1

 Which of the following is the only medication to be 

recommended as a AI recommendation in current NIH 

COVID-19 treatment guidelines?

A.  Remdesivir

B.  Dexamethasone

C.  Tocilizumab

D. Casirivimab/imdevimab

E.  Hydroxychloroquine



More to Come on Monoclonal 

Antibodies – Prophylaxis? 
 BLAZE-2 – unpublished1

 Efficacy, safety of bam 4200mg vs

placebo in preventing COVID-19 in 

skilled nursing and assisted living   

facility residents and staff

 80% reduced risk? 

 Cas/imdev 600/600mg – unpublished2

 Asymptomatic participants exposed to a 

COVID-19–infected household    

member w/in 96 hours

 Interim results – 100% reduction in 

symptomatic disease; 48% reduction in 

asymptomatic disease  1. Cohen, et al. CROI abstracts. 2021. 

2. O’Brien, et al. CROI abstracts. 2021. 



Antibiotic Stewardship and COVID-19



Co-infection and Use of Antibiotics 
 NIH guidelines:

 IDSA guidelines:

 Bacterial coinfections with SARS-CoV-2 relatively infrequent 

(likely occurring in <10% of hospitalized COVID-19 patients) 

– literature does not support routine use of empiric antibiotics 

 Recent studies in COVID-19 patients

 Antibiotics administered in 56 – 74.6%  

 Bacterial co-infection 3.5 – 31% 



Impact on Resistance



Procalcitonin in COVID-19



COVID-19 Vaccines 



Timeline

November 
2019

•Cases of 
unusual 
pneumonia 
reported in 
Wuhan, China

January 
2020

•China isolates 
novel 
coronavirus 
and shares 
genetic 
sequence 
world-wide

March 
2020

•WHO 
declares 
COVID-19 
outbreak a 
pandemic

May 2020

•White House 
announces 
Operation 
Warp Speed 

December 
2020

•Pfizer and 
Moderna
mRNA 
vaccines EUA

February 
2021

•J&J/Janssen 
vaccine EUA 

April 2021

•CDC/FDA 
paused J&J 
vaccine x 10 
days

54



Vaccine Platforms



Vaccine Tracker 

ASHP vaccine tracker. https://www.ashp.org/-/media/assets/pharmacy-practice/resource-

centers/Coronavirus/docs/Vaccine-candidate-tracking-table. Updated 5/3/21.  

https://www.ashp.org/-/media/assets/pharmacy-practice/resource-centers/Coronavirus/docs/Vaccine-candidate-tracking-table


Real world vaccine effectiveness

 MMWR May 7, 2021 – USA 

 Evaluation at 24 hospitals in 14 states during Jan – March 2021

 Effectiveness of  Pfizer-BioNTech or Moderna vaccines against 

COVID-19–associated hospitalization among adults aged ≥65 years

 Vaccine effectiveness 

 94% - fully vaccinated 

 64% - partially vaccinated

CDC MMWR. May 7, 2021 / 70(18);674–679.



Scobie H. ACIP meeting. May 12, 2021. https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-

2021-05-12/10-COVID-Scobie-508.pdf

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-05-12/10-COVID-Scobie-508.pdf


Scobie H. ACIP meeting. May 12, 2021. 

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-05-12/10-COVID-Scobie-508.pdf

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-05-12/10-COVID-Scobie-508.pdf


Johnson & Johnson Vaccine EUA
 EUA 2/27/21

 Based on data from 1 international Phase III clinical trial 

started in 9/2020 – enrolled ~ 40,000 adults > 18 years

 Interim findings on vaccine efficacy:

 Against symptomatic, laboratory confirmed COVID-19 

 66.3% (95% CI = 59.9%–71.8%) ≥14 days after vaccination 

 65.5% (95% CI = 57.2%–72.4%) ≥28 days after vaccination

 Efficacy varied by location 

o Highest in the United States (74.4%; 95% CI = 65.0%–81.6%)

o Latin America (64.7%; 95% CI = 54.1%–73.0%) 

o South Africa (52.0%; 95% CI = 30.3%–67.4%)

 Prevention of COVID-19–associated hospitalization 

 >14 days (2 vs. 29 – efficacy = 93.1%; 95% CI = 71.1%–98.4%)

 >28 days (0 vs. 16 – efficacy = 100%; 95% CI = 74.3%– 100.0%)

CDC MMWR. March 5, 2021 / 70(9);329–332. 



Adverse Event Reporting



J&J Safety

 CDC/FDA recommended pause on 4/13/21 due to 15 cases 

of thrombosis with thrombocytopenia syndrome (TTS)

 TTS – rare syndrome appears similar to HIT and involves acute 

venous or arterial thrombosis and new onset thrombocytopenia 

in patients with no recent known exposure to heparin

 Similar to recently reported cases from Europe after 

AstraZeneca COVID-19 vaccine



J&J/Janssen Safety

 Based on risk-benefit assessment on 4/23/21 – ACIP 

reaffirmed interim recommendation for the use of the 

Janssen COVID-19 vaccine in all persons aged ≥18 years

Brooks JT. CDC COVID Clinician Call. April 24, 2021.



J&J EUA Fact Sheet Warnings

 Providers

 Patients

Revised 4/23/21.



Shimabukuro T. ACIP meeting. May 12, 2021. 

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-05-12/07-COVID-Shimabukuro-

508.pdf

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-05-12/07-COVID-Shimabukuro-508.pdf


Special Populations

 Pregnancy

 Preliminary safety of mRNA vaccines in 35,691 V-Safe 

participants identified as pregnant (12/14/20 – 2/28/21)1

 Calculated proportions of adverse pregnancy and neonatal outcomes in 

vaccinated similar to before Covid-19 pandemic

 Studies demonstrate:

 Antibody transfer from mother to fetus2,3

 Immunogenic in pregnant women and vaccine-elicited antibodies were 

transported to infant cord blood and breast milk4

 ACOG recommends vaccine access and clinical decision making5

1. Shimabukuro, et al. NEJM. April 21, 2021. 

2. Rottenstreich, et al. CID. April 3, 2021. 

3. Mithal, et al. AJOG. 2021.

4. Collier, et al. JAMA. May 13, 2021. 

5. ACOG Practice Advisory. Updated 4/28/21.



Special Populations

 Immunocompromised

 Patients with rheumatic and musculoskeletal diseases

 American College of Rheumatology task force recommendations1

 Solid organ transplant patients

 Prelim data of immunogenicity of 2-dose mRNA vaccine in 658 patients 

vaccinated between 12/16/20 – 3/13/212

 At median of 21 days (IQR, 18-25 days) after first dose, antibody  

detectable in 98 participants (15%; 95% CI, 12%-18%)

 At median of 29 days (IQR, 18-25 days) after second dose, antibody  

detectable in 357 participants (54%; 95% CI, 50%-58%)

 Those receiving mycophenolate or azathioprine less likely to develop an 

antibody response than those not (43% vs 82%, P < .001) 

1. ACR COVID-19 Vaccine Clinical Guidance Task Force. https://www.rheumatology.org/Portals/0/Files/COVID-

19-Vaccine-Clinical-Guidance-Rheumatic-Diseases-Summary.pdf.  Updated 4/28/21.

2. Boyarsky, et al. JAMA. May 5, 2021. 

https://www.rheumatology.org/Portals/0/Files/COVID-19-Vaccine-Clinical-Guidance-Rheumatic-Diseases-Summary.pdf


AST Recommendations



CDC. https://www.cdc.gov/coronavirus/2019-ncov/vaccines/keythingstoknow.html. Accessed 

5/8/21.

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/keythingstoknow.html


Other Recent Vaccine Updates

 COVID-19 vaccines and other vaccines may now be 

administered without regard to timing 

 If multiple vaccines are administered at a single visit, administer 

each injection in a different injection site

 Ideally COVID-19 vaccination should be completed > 14 

days before initiation of immunosuppressive therapies

 Antibody testing not recommended to assess for immunity to 

SARS-CoV-2 following COVID-19 vaccination

 Revaccination not recommended after people who received 

COVID-19 vaccines during chemotherapy or treatment with 

other immunosuppressive drugs

CDC. https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html#janssen-

vaccine-certain-populations. Updated May 14, 2021. 

https://www.cdc.gov/vaccines/covid-19/info-by-product/clinical-considerations.html


Scobie H. ACIP meeting. May 12, 2021. 

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-05-12/10-COVID-Scobie-508.pdf

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-05-12/10-COVID-Scobie-508.pdf


US Dept of Health and Human Services. COVID-19 Public Education Campaign. 

https://wecandothis.hhs.gov/vaccine-hesitancy-your-community. Accessed May 16, 2021.

https://wecandothis.hhs.gov/vaccine-hesitancy-your-community.%20Accessed%20May%2016


US Dept of Health and Human Services. COVID-19 Public Education Campaign. 

https://wecandothis.hhs.gov/vaccine-hesitancy-your-community. Accessed May 16, 2021.

https://wecandothis.hhs.gov/vaccine-hesitancy-your-community.%20Accessed%20May%2016


Resources

 Treatment

 NIH guidelines

 IDSA guidelines

 SIDP

 Vaccine 

information/education

 CDC

 APIC 

 NYC DOH

 ASHP

 HHS -Wecandothis.hhs.org



Thank you!  

Patricia Saunders-Hao, PharmD, BCIDP, BCPS (AQ-ID)

Email: psaundershao@northwell.edu 


