
COVID-19 Therapeutics

Dave Dobrzynski Jr., MD

University of Rochester Medical Center

Division of Infectious Diseases



Outline
❖What is antimicrobial stewardship?

❖ How has antimicrobial stewardship been involved in COVID-
19 pandemic?

❖What therapeutic options are available for COVID-19?

❖What does the future of COVID-19 therapeutics hold?



Antimicrobial Stewardship

• Antibiotics have truly transformed 
medicine over the last century

• CDC estimates ~30% of all 
antibiotics are unnecessary or 
suboptimal

• Rise in resistance along with lack 
of antimicrobial development has 
driven this divide further



Antimicrobial Resistance
• CDC has had call to action with 4 core actions:

1. Preventing infections and spread of 
resistance

2. Tracking resistant bacteria

3. Improving the use of today’s antibiotics

4. Promoting the development of new 
antibiotics and new diagnostic tests for 
resistant bacteria

• On Feb 2nd, 2015, President Obama released fiscal 
budget for 2016 which included $1.2 billion to be 
allocated to improving antibiotic stewardship, 
strengthening risk assessment and reporting, and 
promoting research in health and agricultural 
sectors Courtesy of Global Alliance for 

Infections in Surgery



Antimicrobial Stewardship Programs 
(ASPs)

• First described in 1996 by two Emory physicians(John McGowan and Dale Gerding)

• Suggested “large scale, well controlled trials of antimicrobial use regulation…to determine the best 
methods to prevent and control this problem(antimicrobial resistance)”

• In 1997, SHEA and IDSA published first guidelines to prevent antimicrobial resistance

• In 2014, CDC recommended that all US hospitals have an antimicrobial stewardship program

• On January 1st, 2017, Joint Commission approved regulations that hospitals should have an Antimicrobial 
Stewardship team



What do ASPs do?

1. Optimize the treatment of infections

2. Reduce adverse events associated with antibiotic use

3. Help clinicians improve quality of patient care

4. Improve patient safety through increase cure rates, 
reduced treatment failures, and increased frequency of 
correct prescribing

5. Cut hospital rates of C. diff and antibiotic resistance



Core Principles of ASP
• Leadership Commitment: Dedicating necessary human, financial, and information technology resources.

• Accountability: Appointing a single leader responsible for program outcomes. Experience with successful 
programs shows that a physician leader is effective.

• Drug Expertise: Appointing a single pharmacist leader responsible for working to improve antibiotic use.

• Action: Implementing at least one recommended action, such as systemic evaluation of ongoing treatment 
need after a set period of initial treatment (e.g., an “antibiotic time out” after 48 hours).

• Tracking: Monitoring antibiotic prescribing and resistance patterns.

• Reporting: Regular reporting of information on antibiotic use and resistance to doctors, nurses, and 
relevant staff.

• Education: Educating clinicians about resistance and optimal prescribing

www.cdc.gov



University of Rochester ASP Team
• Dr. Dave Dobrzynski, MD

• Dr. Paul Graman, MD

• Dr. Brenda Tesini, MD

• Stephanie Shulder, PharmD

• Kelly Pillinger, PharmD

• Kate Quartuccio, PharmD (Highland)



How are ASPs equipped to help with 
COVID-19 Pandemic?

Nori P, et al. Involving antimicrobial stewardship 
programs in COVID-19 response efforts: All hands 
on deck. Infect Control Hosp Epidemiol 2020: 
March 13: 1-2



COVID-19: Clinical Therapeutic 
Staging

The Journal of Heart and Lung Transplantation DOI: 
(10.1016/j.healun.2020.03.012) 



Early Therapeutics-Spring 2020
• Hydroxychloroquine

• Lopinavir/ritonavir (Kaletra)

• Tocilizumab



Chloroquine/Hydroxychloroquine
• FDA approved for treatment of SLE, RA, and malaria

• Early studies by Chinese researchers found viral replication inhibition and good 
penetration into lung tissues

• Increases endosomal pH and interferes with the glycosylation of cellular receptor of SARS-
CoV2 (ACE2)

• Gao and colleagues stated that in 100 patients treated in China, chloroquine was 
superior to placebo

• Decreased exacerbation of pneumonia
• Improved lung imaging findings
• Promoted a virus negative conversion
• Shortened the disease course

Gao et al Biosci Trends doi: 10.5582/bst.2020.01047
Zhonghua et al doi: 10.3760/cma.j.issn.1001-0939.2020.03.009
Colson et al Int J of Antimicrob Agents doi: 10.1016/j.ijantimicag.2020.105932
Corgegiani J of Crit Care doi:10.1016/j.jcrc.2020.03.0050
Yao et al. CID doi: 10.1093/cid/ciaa237



Hydroxychloroquine/azithromycin combination

• Study by Didier Raoult studied 36 
patients

• 16 controls

• 14 HCQ

• 6 HCQ + Azithromycin

• Conclusion suggested synergistic 
effect

• Caveats: Groups not balanced!, PCR –
only results, no clinical data

Raoult Int J of Antimicrob Agents doi: 
10.1016/j.ijantimicag.2020.105959



Controls

HCQ

HCQ + 
Azithro



• Observational study in a large NYC medical center

• 1376 consecutive patients were observed with 
811 (58.9%) receiving HCQ

• End point was composite of intubation or death

• No significant association between HCQ use and 
decrease in intubation or death (HR 1.04, CI 0.82-
1.32)

• Randomized, double-blind, placebo controlled trial in 
US and Canada

• Household or occupational high risk exposure in 821 
patients

• No difference in new illness in HCQ vs placebo 
(11.8% vs 14.3%)

• Higher side effects in HCQ vs placebo (40.1% vs 
16.8%)

N Engl J Med. 2020 Aug 6;383(6):517-525. doi: 
10.1056/NEJMoa2016638

N Engl J Med. 2020 Jun 18;382(25):2411-2418.
doi: 10.1056/NEJMoa2012410



Lopinavir/ritonavir (Kaletra)
• Anti-retroviral drug for HIV/AIDS

• Boosted protease inhibitor

• Cao et al conducted randomized-
controlled, open label trial of 199 patients

• 14 days of Lpv/r vs SOC
• Primary outcome: 2 point change in time to 

clinical improvement on 7 point ordinal 
scale* or live discharge

• No difference in Time to Clinical 
Improvement

• M-ITT (excluding 3 early deaths) showed 
modest improvement 15 vs 16 days

• ~22% mortality!

*Used in previous influenza studies

Cao B, Wang Y, Wen D, et al. A trial of lopinavir-
ritonavir in adults hospitalized with severe Covid-19. 
N Engl J Med.  March 18, 2020. DOI: 
10.1056/NEJMoa2001282 



Tocilizumab (Actemra)
• Used as immunomodulatory agent for RA, JIA, giant cell arteritis, and cytokine 

storm

• Binds to soluble and membrane bound IL6 receptors inhibiting pro-
inflammatory effects

• On March 6th, China included Tocilizumab in treatment guidelines for severe 
complications

• Since then there have been case series detailing possible benefit in cytokine 
storm

Luo P., et al. J Med Virol. 2020 Jul;92(7):814-818. doi: 
10.1002/jmv.25801. Epub 2020 Apr 15.



Tocilizumab
• Early observational data showed 

possible promise

• More recent RCT’s shed some 
doubt as all did not meet efficacy 
endpoint of 28 or 30 d mortality
• Only 2 met efficacy of survival 

without non-invasive or mechanical 
ventilation

• Recent RCT from Mass Gen 
revealed no difference in 
prevention of intubation or death 

Parr JB. Time to Reassess Tocilizumab’s Role in 
COVID-19 Pneumonia. JAMA Internal Medicine. 
Oct 2020. doi:10.1001/jamainternmed.2020.6557

Stone JH. Efficacy of 
Tocilizumab in Patients 
Hospitalized with COVID-19. 
New Engl Journal. Oct 2020



Newer Therapeutic Agents (Summer 
2020)

• Remdesivir

• Dexamethasone

• Convalescent Plasma

• Baricitinib



Remdesivir
• Developed by Gilead Sciences initially for Ebola and Marburg virus

• Interferes with RNA polymerase
• Has activity against numerous single stranded RNA viruses (MERS, SARS, RSV, 

Nipah, Lassa)

• Rose to prominence after treatment of patient in Washington after he 
progressed to pneumonia and had rapid improvement

• IV formulation

• Main adverse effects are LFTs abnormalities



Remdesivir
• NIH sponsored Adaptive COVID Treatment Trial 

• Multi-center randomized, double blinded, placebo controlled trial including international 
sites (~75 sites)

• URMC Site PIs: Ann Falsey MD and Angela Branche MD

• Primary endpoint: Time to clinical improvement on 8 point ordinal scale

• Inclusion fairly broad: + COVID PCR, adult >18 years of age

• Exclusion: LFTs >5x ULN, GFR <50, Pregnant

• Also available under FDA Emergency Use Program(EUA) for pediatrics and pregnant 
women



Patient Characteristics



Time to Recovery Results



Mortality Results



Key Takeaways

• 5 days shorter recovery time for all patients

• Lower progression to non-invasive and mechanical ventilation

• Mortality reduction at Day 14 and Day 28 for those receiving oxygen

• Mortality reduction not seen in “sickest patients”



WHO Solidarity Trial
• Mortality trials in hospitalized COVID-19 patients in 4 re-purposed durgs:

• Remdesivir, Hydroxychloroquine, Lopinavir/r, and Interferon 

• 405 hospitals

• 30 countries

• 11,266 randomized adults



Results



Results



Limitations
• No placebo (needed to prevent treatment 

assessment bias)

• No double-blinding (needed to prevent 
information bias, treatment assessment bias, 
adherence bias, follow up bias)

• No data monitoring (needed for the appropriate 
trial conduct and patient safety)

• No diagnostic confirmation of infection (needed 
to ensure patients have equal proportion of 
confirmed diagnosis between both arms)

• No timing of symptoms duration before treatment 
initiation (needed to ensure the intervention is 
given at equal times of the natural course of the 
disease)

• Unknown supportive care provided

• Patients were required to stay in the hospital for a 
fixed 10-day course of remdesivir even if they 
were well to go home? – if confirmed, would 
always be biased against the drug

• Implementation and study drug distribution were 
plagued by delivery failures and disorganization, 
which compromised the proper conduct of the 
trial.



Dexamethasone
• Corticosteroid which was first made in 1957 by Philip Showalter Hench and approved in 

1961

• Listed as one of WHO’s Essential Medicines

• In 2017, was the 321st most prescribed medication in US (over 1 million)

• Prior to 2020, mainly used to treat inflammatory, anaphylaxis, and autoimmune 
conditions

• Initial study out of Spain showed methylprednisolone had beneficial effect in severe 
COVID-19 pneumonia decreasing composite score of ICU admission, non-invasive 
ventilation, or death Corral L, et al. GLUCOCOVID: a controlled trial of methylprednisolone 

in adults hospitalized with COVID-19 pneumonia. June 18, 2020. 
(https://www.medrxiv.org/content/10.1101/2020.06.17.20133579v1).

https://www.medrxiv.org/content/10.1101/2020.06.17.20133579v1


Recovery Trial
• Studied hospitalized patients at 176 sites in UK

• Randomized to PO or IV Dexamethasone for up to 10 days vs placebo

• Primary Outcome: 28 day mortality

• Secondary: Time until discharge, need for mechanical ventilation 
if not initially on ventilator, duration of ventilation, need for HD, 
and major cardiac arrhythmia



Patient Characteristics



Results



• Multi-center, randomized, open-label study in ICU in Brazil

• Moderate to severe ARDS patients included from April-June 2020

• Patients received 20mg daily x 5 days followed by 10mg daily x 5 days or until ICU 
discharge

• Outcome of days alive and ventilator free at Day 28



Results



Summary of Steroid Use

Association Between Administration of Systemic Corticosteroids and 
Mortality Among Critically Ill Patients With COVID-19 A Meta-
analysis. JAMA 2020

Mortality was main 
outcome in most 
studies!



Summary of Steroid Use



Summary of Steroid Use



Dexamethasone Take Home Points

• Only drug to show mortality benefit thus far

But…

• Recovery and CoDEX had high baseline mortality 
rates 



Convalescent Plasma (CVP)
• Initially studied in early infections due to 

diphtheria and tetanus

• To date no certainty that CVP offers benefit 
to hospitalized patients in recent Cochrane 
Review

• Included 2 RCTs, 8 controlled non-
randomized studies and, and 9 non-
controlled, non-randomized studies

• Included ~36k patients 

• Possible side effects seen a week after 
infusion

• 146 serious adverse events at 4 hours vs 
1136 within 7 days

Chai KL, et al. Convalescent plasma or hyperimmune
immunoglobulin for people with COVID‐19: a living 
systematic review. Cochrane Database of Systematic 
Reviews 2020, Issue 10. Art. No.: CD013600. DOI: 
10.1002/14651858.CD013600.pub3.



Baricitinib
• Inhibitor of janus kinase (JAK)

• Specifically JAK1 and JAK2

• In 2018, FDA approved Baricitinib for RA who 
had inadequate response to one or more 
TNF-antagonists

• In Nov 2020, FDA issued emergency use 
authorization of baricitinib in combination 
with remdesivir for patients receiving 
supplemental oxygen, invasive mechanical 
ventilation, or ECMO



Baricitinib
• Currently 9 studies registered in clinical trials site in US, UK, Spain, Denmark, 

Canada, and Italy

• Off-label use first reported in Italy in March 2020 in combination with 
lopinavir/ritonavir 

• Only 12 patients in each group

• 7 (58%) in Baricitinib arm recovered to discharge by 2 weeks. None in control arm

• ACTT-2: NIH sponsored adaptive trial comparing remdesivir +/- baricitinib



ACTT-2 NIH Trial
• 1033 patients were followed for 29 days

• 515 received Baricitinib + Remdesivir; 518 received Remdesivir + placebo

• Time to recovery was primary end point

• Hospital discharge or no longer receiving supplemental oxygen or ongoing 
medical care

• Median time was 7 days in B+R vs 8 days in R+P

• Lower odds of death or intubation by Day 29

• Higher odds of clinical improvement by Day 15



Safety Concerns
• Monitor CBC with diff + CMP

• Risk of lymphopenia, neutropenia, elevation in liver enzymes

• Risk of thrombosis and opportunistic infections also reported



URMC Patient Data(as of 12/2)
• 27 patients placed on Baricitinib as of 12/6

• 3 patients approved but never received dose

• 2 refusals, 1 intubated before starting

• 6 live discharges
• Range of therapy: 3-7

• 1 death

• 2 serious adverse events

• 1 ALC < 100

• 1 AKI



COVID-19: Clinical Therapeutic 
Staging

Rebel EM. Covid-19 Disease 
Progression. Emergency Medicine Blog



URMC COVID Treatment Guidelines



The Future

Funk CD, et al. Front. Pharmcol. 19 June 2020 



Summary
• Conducting studies during a pandemic is difficult

• Be wary of pre-print study results

• No “miracle” drug has been found but Remdesivir and 
Dexamethasone (possibly Baricitinib) do offer benefit

• Basic public health measures such as hand washing, social 
distancing, and masking remain our best treatment



Questions?


