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The information contained in this evidence table is emerging and rapidly evolving because of ongoing research and is subject to the professional judgment and interpretation of the practi-
tioner due to the uniqueness of each medical facility’s approach to the care of patients with COVID-19 and the needs of individual patients. ASHP provides this evidence table to help practi-
tioners better understand current approaches related to treatment and care. ASHP has made reasonable efforts to ensure the accuracy and appropriateness of the information presented. 
However, any reader of this information is advised ASHP is not responsible for the continued currency of the information, for any errors or omissions, and/or for any consequences arising 
from the use of the information in the evidence table in any and all practice settings. Any reader of this document is cautioned that ASHP makes no representation, guarantee, or warranty, 
express or implied, as to the accuracy and appropriateness of the information contained in this evidence table and will bear no responsibility or liability for the results or consequences of its 
use.  

ASHP's patient medication information is available at http://www.safemedication.com/.  Visit our website for the latest information on current drug shortages.  

Selected entries were updated 04/30/2021; these can be identified by the date that appears in the Drug(s) column. Within updated entries, select 

revisions that include the most important new information (e.g., new clinical trial data, new or revised guidance) are marked by **. 
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ANTIVIRAL AGENTS 

Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments 

Baloxavir 
  
Updated 
1/14/21 

8:18.92 
Antiviral 

Antiviral active against 
influenza viruses 
  
Conflicting data regarding 
possible in vitro antiviral 
activity against SARS-CoV-2 
1, 4 

Only very limited data available regarding 
use of baloxavir for treatment of COVID-19 
  
Exploratory, open-label, randomized con-
trolled study at a single center in China 
(ChiCTR2000029544): 29 adults hospital-
ized with COVID-19 receiving antiviral 
treatment with lopinavir/ritonavir, da-
runavir/cobicistat, or umifenovir 
(Arbidol®), in combination with inhaled 
interferon-α, were randomized to treat-
ment with baloxavir marboxil (80 mg orally 
on day 1 and on day 4, and 80 mg orally on 
day 7 as needed) (n=10),  favipiravir (1600 
or 2200 mg orally on day 1, followed by 
600 mg three times daily for up to 14 days) 
(n=9), or control (standard antiviral treat-
ment) (n=10). Results did not indicate a 
benefit of adding baloxavir to the treat-
ment regimen. Percentage of pts with viral 
conversion (2 consecutive tests with unde-
tectable viral RNA results) after 14 days of 
treatment was 70, 77, and 100% in the 
baloxavir, favipiravir, and control groups, 
respectively, with median time to clinical 
improvement of 14, 14, and 15 days, re-
spectively. 1 
  
There are no clinical trials registered at 
clinicaltrials.gov to evaluate baloxavir for 
treatment of COVID-19. 

A baloxavir marboxil dosage of 80 mg 
on day 1 and on day 4, and another 
dose of 80 mg on day 7 (as needed; 
not to exceed 3 total doses) was 
used in one open-label COVID-19 
study in adults in China. 1 

Although investigated as a potential 
treatment during the early stages of the 
COVID-19 pandemic, 1, 6, 7 in vitro antivi-
ral activity against SARS-CoV-2 was not 
confirmed and there are no data to 
support the use of baloxavir in the 
treatment of COVID-19. 
  
NIH COVID-19 Treatment Guidelines 
Panel states that treatment of influenza 
is the same in all pts regardless of SARS-
CoV-2 coinfection. 3 (See Neuraminidase 
Inhibitors in this Evidence Table.)  Sig-
nificant drug interactions not expected 
with baloxavir and remdesivir. 3 
  
CDC states that baloxavir may be used 
for the treatment of suspected or con-
firmed uncomplicated influenza in out-
patients; the drug is not recommended 
for use in pregnant or nursing women, 
as monotherapy in severely immuno-
suppressed pts, or for the treatment of 
severe influenza. 5 

Chloroquine 
Phosphate 
  
Updated 
2/25/21 

8:30.08 
Antimalarial  
(4-
aminoquino-
line deriva-
tive) 

In vitro activity against 
various viruses, including 
coronaviruses 1-3, 13, 14 
  
In vitro activity against 
SARS-CoV-2 in infected 
Vero E6 cells reported; 
some evidence it may block 
infection in Vero E6 cells 
exposed to SARS-CoV-2  1, 4, 

12 
  
Active in vitro against SARS-
CoV-1 and MERS-CoV 2, 3, 5, 9 
  
Has immunomodulatory 
activity that theoretically 
could contribute to an anti-
inflammatory response in  

Only limited clinical trial data available to 
date to evaluate use of chloroquine for 
treatment or prevention of COVID-19 
  
Small, randomized study in hospitalized 
adults in China compared chloroquine 
with LPV/RTV (Huang et al): 10 pts (7 with 
moderate and 3 with severe COVID-19) 
received chloroquine (500 mg twice daily 
for 10 days) and 12 pts (7 with moderate 
and 5 with severe COVID-19) received LPV/
RTV (lopinavir 400 mg/ritonavir 100 mg 
twice daily for 10 days). All 10 pts treated 
with chloroquine had negative RT-PCR 
results for SARS-CoV-2 by day 13 and were 
discharged from the hospital by day 14; 
11/12 pts (92%) treated with LPV/RTV 
were negative for SARS-CoV-2 at day 14 
and only 6/12 (50%) were discharged from  

Consider: 500 mg of chloroquine 
phosphate is equivalent to 300 mg of 
chloroquine base 17 
  
Oral chloroquine phosphate dosage 
suggested in the EUA (now re-
voked): For treatment of hospital-
ized adults and adolescents weighing 
50 kg or more, suggested dosage was 
1 g on day 1, then 500 mg daily for 4-
7 days of total treatment based on 
clinical evaluation. 25 FDA now states 
that this dosage regimen is unlikely 
to have an antiviral effect in pts 
with COVID-19 based on a reassess-
ment of in vitro EC50/EC90 data and 
calculated lung concentrations; it is 
unclear whether this dosage regimen 
would provide any beneficial im-
munomodulatory effects. 57 

Efficacy and safety of chloroquine for 
treatment or prevention of COVID-19 
not established 10, 24, 39 
  
No data to date indicating that in vitro 
activity against SARS-CoV-2 corresponds 
with clinical efficacy for treatment or 
prevention of COVID-19 
  
Data from various published random-
ized, controlled clinical trials and retro-
spective, cohort studies have not sub-
stantiated initial reports of efficacy of 4-
aminoquinoline antimalarials for treat-
ment of COVID-19. (See Hydroxychloro-
quine in this Evidence Table.) 
  
NIH COVID-19 Treatment Guidelines 
Panel recommends against use of  
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  patients with viral infec-
tions 1-3, 13, 15-16 
  
Known pharmacokinetics 
and toxicity profile based 
on use for other indica-
tions 13, 17 
  
  

the hospital by day 14.  Note: Results sug-
gest that chloroquine was associated with 
shorter time to RT-PCR conversion and 
quicker recovery than LPV/RTV; however, 
this study included a limited number of pts 
and the median time from onset of symp-
toms to initiation of treatment was shorter 
in those treated with chloroquine than in 
those treated with LPV/RTV (2.5 vs 6.5 
days, respectively).20 
  
Double-blind, randomized, phase 2b study 
in Brazil (Borba et al; NCT04323527): Effi-
cacy and safety of two different chloro-
quine dosages were evaluated for adjunc-
tive therapy in hospitalized adults with 
severe COVID-19. According to the initial 
study protocol, pts were randomized 1:1 to 
receive high-dose chloroquine (600 mg 
twice daily for 10 days) or lower-dose chlo-
roquine (450 mg twice daily on day 1, then 
450 mg once daily on days 2-5); all pts also 
received azithromycin and ceftriaxone and 
some also received oseltamivir. An un-
planned interim analysis was performed 
and the high-dose arm of the study was 
halted because of toxicity concerns, partic-
ularly QTc prolongation and ventricular 
tachycardia, and because more deaths 
were reported in this arm. Analysis of data 
available for the first 81 enrolled pts indi-
cated that, by day 13, 16/41 pts (39%) 
treated with the high-dose regimen had 
died vs 6/40 (15%) treated with the lower-
dose regimen. QTc >500 msec occurred 
more frequently in the high-dose group 
(18.9%) than in the lower-dose group 
(11.1%).  Note: The high-dose arm included 
more pts prone to cardiac complications 
than the lower-dose arm. Data at the time 
of the interim analysis were insufficient to 
evaluate efficacy. 37 
  
See Hydroxychloroquine in this Evidence 
Table for additional information on clinical 
trials and experience with 4-
aminoquinoline antimalarials in the man-
agement of COVID-19. 
  
Several clinical trials evaluating chloroquine 
for treatment or prevention of COVID-19 
are registered at clinicaltrials.gov. 10 
  

Oral chloroquine phosphate dosage 
in Chinese guidelines: 500 mg twice 
daily for 7 days (adults 18-65 years 
weighing >50 kg); 500 mg twice daily 
on days 1 and 2, then 500 mg once 
daily on days 3-7 (adults weighing 
<50 kg) 11 
  
  
  
  
  
  
  
  
  
  

chloroquine (with or without azithromy-
cin) for the treatment of COVID-19 in 
hospitalized pts and recommends 
against use of chloroquine (with or 
without azithromycin) for the treatment 
of COVID-19 in nonhospitalized pa-
tients, except in a clinical trial. The pan-
el also recommends against use of high-
dose chloroquine (i.e., 600 mg twice 
daily for 10 days) for the treatment of 
COVID-19 because such dosage has 
been associated with more severe toxic-
ities compared with lower-dose chloro-
quine. 35 
  

IDSA recommends against use of chloro-
quine (with or without azithromycin) for 
the treatment of COVID-19 in hospital-
ized pts. 38 
 
NIH COVID-19 Treatment Guidelines 
Panel recommends against the use of 
any drugs, including chloroquine, for 
preexposure prophylaxis (PrEP) for pre-
vention of SARS-CoV-2 infection, except 
in a clinical trial. The NIH Panel recom-
mends against the use of hydroxychlo-
roquine for postexposure prophylaxis 
(PEP) for prevention of SARS-CoV-2 
infection (see Hydroxychloroquine in 
this Evidence Table) and also recom-
mends against the use of other drugs 
for PEP, except in a clinical trial. The 
panel states that, to date, no agent is 
known to be effective for preventing 
SARS-CoV-2 infection when given before 
or after an exposure. 35 
  
Because 4-aminoquinolines 
(chloroquine, hydroxychloroquine) are 
associated with QT prolongation, cau-
tion is advised if considering use of the 
drugs in pts with COVID-19 at risk for QT 
prolongation or receiving other drugs 
associated with arrhythmias; 13, 17, 36, 39  
diagnostic testing and monitoring rec-
ommended to minimize risk of adverse 
effects, including drug-induced cardiac 
effects. 35, 36, 39  (See Hydroxychloro-
quine in this Evidence Table.) 
  
NIH panel states that 4-aminoquinolines 
(chloroquine, hydroxychloroquine)  
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     should be used concomitantly with 
drugs that pose a moderate to high risk 
for QTc prolongation (e.g., antiarrhyth-
mics, antipsychotics, antifungals, fluoro-
quinolones, macrolides [including 
azithromycin]) only if necessary. The 
panel states that use of doxycycline 
(instead of azithromycin) should be 
considered for empiric therapy of atypi-
cal pneumonia in COVID-19 pts receiv-
ing chloroquine (or hydroxychloro-
quine). 35 
  
FDA issued a safety alert regarding ad-
verse cardiac effects (e.g., prolonged QT 
interval, ventricular tachycardia, ven-
tricular fibrillation) reported with use of 
chloroquine or hydroxychloroquine 
(either alone or in conjunction with 
azithromycin or other drugs known to 
prolong QT interval) in hospital and 
outpatient settings; FDA cautions 
against use of chloroquine or hy-
droxychloroquine outside of a clinical 
trial or hospital setting and urges 
healthcare professionals and pts to 
report adverse effects involving these 
drugs to FDA MedWatch. 39 
  
Emergency use authorization (EUA) for 
chloroquine (now revoked): Effective 
June 15, 2020, FDA has revoked the EUA 
for chloroquine and hydroxychloroquine 
57 previously issued on March 28, 2020 
that permitted distribution of the drugs 
from the strategic national stockpile 
(SNS) for use in adults and adolescents 
weighing 50 kg or more hospitalized 
with COVID-19 for whom a clinical trial 
was not available or participation not 
feasible. 24, 57  Based on a review of new 
information and reevaluation of infor-
mation available at the time the EUA 
was issued, FDA concluded that the 
original criteria for issuance of the EUA 
for these drugs are no longer met. 57 

Based on the totality of scientific evi-
dence available, FDA concluded that it is 
unlikely that chloroquine and hy-
droxychloroquine may be effective in 
treating COVID-19 and, in light of ongo-
ing reports of serious cardiac adverse 
events and several newly reported cas-
es of methemoglobinemia in COVID-19  
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     patients, the known and potential bene-
fits of chloroquine and hydroxychloro-
quine do not outweigh the known and 
potential risks associated with the use 
authorized by the EUA. 57 (See Hy-
droxychloroquine in this Evidence Ta-
ble.) 

Favipiravir 
(Avigan®, 
Avifavir®, 
Favilavir) 
  
Updated 
3/11/21 

8:18.32 
Antiviral 
  

Nucleoside analog pro-
drug; RNA polymerase 
Inhibitor 2, 11, 14 
  
Broad-spectrum antiviral 
with in vitro activity 
against various viruses, 
including coronaviruses 1–5 
  
In vitro evidence of activity 
against SARS-CoV-2 in in-
fected Vero E6 cells report-
ed with high concentra-
tions of the drug 1, 5, 16 
  
Licensed in Japan and Chi-
na for treatment of influ-
enza 2, 4, 6 
  

Some data regarding use of favipiravir for 
the treatment of COVID-19 are available 
from open-label, randomized or nonran-
domized studies and prospective or retro-
spective observational studies performed 
in various countries. 
  
Open-label, prospective, randomized, 
multicenter study in 236 adults with 
COVID-19 pneumonia in China 
(ChiCTR2000030254):  Favipiravir (1600 mg 
orally twice daily on day 1, then 600 mg 
orally twice daily thereafter for 7–10 days) 
was associated with greater clinical recov-
ery rate at 7 days (61 vs 52%) compared 
with the control group treated with 
umifenovir (Arbidol®; 200 mg 3 times daily 
for 7–10 days). Stratified by disease severi-
ty, clinical recovery rate at day 7 in pts with 
moderate COVID-19 pneumonia was 71% in 
the favipiravir group vs 56% in the 
umifenovir group; clinical recovery rate in 
those with severe to critical COVID-19 
pneumonia was 6% vs 0%, respectively. 
Twice as many pts in the favipiravir group 
had severe to critical disease compared 
with the group receiving umifenovir. 6 
  
Open-label, prospective, randomized, 
multicenter study in 60 hospitalized adults 
with moderate COVID-19 pneumonia in 
Russia (NCT04434248): Favipiravir (1600 
mg orally twice daily on day 1, then 600 mg 
twice daily on days 2–14 or 1800 mg twice 
daily on day 1, then 800 mg twice daily on 
days 2–14) was associated with higher rate 
of viral clearance at 10 days (92.5 vs 80%) 
compared with the control group receiving 
the standard of care. Favipiravir also was 
associated with decreased median time to 
normalization of body temperature (2 vs 4 
days) and higher improvement rate on 
chest CT imaging on day 15 (90 vs 80%) 
compared with the control group. Data are 
based on interim results of the pilot stage 
of the study. 24 
  

A favipiravir dosage of 1600 mg twice 
daily on day 1, then 600 mg twice 
daily thereafter for 7–10 or 14 days 
was used in several open-label 
COVID-19 studies in adults and ado-
lescents ≥16 years of age in other 
countries 6, 15, 24 
  
Protocols in many registered trials 
generally specify a favipiravir dosage 
of 1600 or 1800 mg twice daily on 
day 1, then a total daily dosage of 
1200–2000 mg in 2, 3, or 4 divided 
doses for 4–13 days for treatment of 
COVID-19 in adults 7 
  
Protocol in one trial (NCT04448119) 
specifies a prophylactic favipiravir 
dosage of 1600 mg twice daily on day 
1, then 800 mg twice daily on days 2
–25 and a treatment favipiravir dos-
age of 2000 mg twice daily on day 1, 
then 1000 mg twice daily on days 2–
14 in older adults in long-term care 
homes experiencing COVID-19 out-
breaks. The prophylactic regimen is 
considered pre-exposure prophylax-
is, post-exposure prophylaxis, or pre-
emptive therapy in this setting; those 
diagnosed with COVID-19 will be 
offered the treatment regimen 7 
  
Because high favipiravir concentra-
tions are required for in vitro activity 
against SARS-CoV-2, 1, 5, 13 it has been 
suggested that high favipiravir dosag-
es, like those used in the treatment 
of Ebola virus disease, should be 
considered for the treatment of 
COVID-19. 11, 19, 20  One such favipi-
ravir regimen used in the treatment 
of Ebola virus disease includes a 
loading dosage of 6000 mg (doses of 
2400 mg, 2400 mg, and 1200 mg 
given 8 hours apart on day 1), then a 
maintenance dosage of 1200 mg 
every 12 hours on days 2–10. 12, 13 

Not commercially available in the US 
  
Efficacy and safety of favipiravir for 
treatment of COVID-19 not established 
  
Additional data needed to substantiate 
initial reports of efficacy for treatment 
of COVID-19 and identify optimal dos-
age and treatment duration 
  
Given the lack of pharmacokinetic and 
safety data for the high favipiravir dos-
ages proposed for treatment of COVID-
19, the drug should be used with cau-
tion at such dosages. 19, 20  There is con-
flicting evidence as to whether favipi-
ravir is associated with QT prolongation. 
21, 41  Some have suggested close cardiac 
and hepatic monitoring during treat-
ment, as well as monitoring of plasma 
and tissue concentrations of the drug 
and, if possible, the active metabolite. 
19, 20, 21 Some data suggest that favipi-
ravir exposure may be greater in Asian 
populations. 17, 19 
  
Early embryonic deaths and teratogen-
icity observed in animal studies. Favipi-
ravir is contraindicated in women with 
known or suspected pregnancy and 
precautions should be taken to avoid 
pregnancy during treatment with the 
drug. 14 
  
Based on a pharmacokinetic interaction, 
if favipiravir is used in pts receiving ac-
etaminophen, the maximum recom-
mended daily dosage of acetaminophen 
is 3 g. 17, 18 Note that favipiravir-induced 
fever has been described in several 
COVID-19 pts receiving the drug. 36, 40 
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   Open-label, prospective, randomized, 
multicenter study in patients hospitalized 
with asymptomatic or mild COVID-19 in 
Japan (jRCTs041190120): Early treatment 
(beginning on day of hospital admission) 
with favipiravir (two 1800-mg doses given 
orally at least 4 hours apart on day 1, then 
800 mg orally twice daily for a total of up to 
19 doses over 10 days) (n=36) was not as-
sociated with significant improvement in 
viral clearance compared with late treat-
ment with favipiravir (same regimen begin-
ning day 6 after admission) (n=33). Viral 
clearance occurred by day 6 in 66.7 and 
56.1% of patients in the early and late 
treatment groups, respectively. Viral clear-
ance was assessed by RT-PCR of nasopha-
ryngeal specimens. Most common adverse 
effect was transient hyperuricemia (84.1% 
of patients). 29 
  
In an open-label, randomized controlled 
trial in Oman in 89 adults (≤75 years of 
age) hospitalized with moderate to severe 
COVID-19 pneumonia (NCT04385095), pts 
received favipiravir (1600 mg on day 1, 
then 600 mg twice daily for a maximum of 
10 days) in combination with inhaled inter-
feron β-1b (n=44) or standard of care 
(which included hydroxychloroquine) 
(n=45). At interim analysis, there were no 
differences between the groups in im-
provement in inflammatory markers or 
other clinical outcomes (e.g., hospital 
length of stay, hospital discharge, 14-day 
mortality); however, the study lacked suffi-
cient power to detect such differences. 43 
  
**In an open-label, randomized controlled 
trial in India in 150 adults with asympto-
matic, mild, or moderate COVID-19, pts 
received favipiravir (1800 mg twice daily on 
day 1, then 800 mg twice daily for up to 14 
days total) plus standard care (n=75) or 
standard care alone (n=75). The median 
time to cessation of oral viral shedding of 
SARS-CoV-2 (primary end point) was 5 days 
in the favipiravir group compared with 7 
days in the control group; this was numeri-
cally lower but not statistically significant. 
The median time to clinical cure among pts 
who were symptomatic at baseline was 
significantly faster in the favipiravir group 
(3 days) compared with the control group  

For the treatment of COVID-19, one 
pharmacokinetic simulation model 
suggested that a dosage of 2400 mg 
twice daily on day 1, followed by 
1600 mg twice daily on days 2–10 
should achieve adequate favipiravir 
trough plasma concentrations and 
may be more pharmacologically rele-
vant than lower dosages. 19 
  
Another pharmacokinetic simulation 
model suggested that, despite rapid 
clearance of the parent drug from 
plasma, a favipiravir dosage of 1600 
mg twice daily on day 1 followed by 
maintenance doses of 800 or 1200 
mg twice daily may be sufficient to 
provide therapeutic intracellular 
concentrations of the favipiravir 
metabolite across the dosing inter-
val, owing to its long intracellular half 
life. 46 
  
Pharmacokinetic data are available 
from a study in critically ill pts with 
COVID-19 requiring mechanical ven-
tilation who received a favipiravir 
dosage of 1600 mg twice daily on 
day 1, then 600 mg twice daily on 
days 2–5 (or longer if needed) via 
NG tube. Trough serum concentra-
tions of the drug in most samples 
were lower than the lower limit of 
quantification and lower than the in 
vitro EC50 of the drug reported for 
SARS-CoV-2; trough concentrations 
in these critically ill pts also were 
much lower than those previously 
reported in healthy individuals who 
received the same dosage. 22 
  
While its molecular weight, protein 
binding rate, and volume of distribu-
tion suggest that favipiravir would be 
eliminated by dialysis, data from a 
COVID-19 pt treated with favipiravir 
(1800 mg twice daily on day 1, then 
800 mg twice daily) who was under-
going hemodialysis (2 or 3 times 
weekly) indicated that blood concen-
trations of the drug were similar to 
those reported in nondialysis pts. 35 
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   (5 days). The authors noted that the lack of 
statistical significance of the primary end 
point may be attributable to limitations of 
the RT-PCR assay. 47 
  
In a randomized multicenter trial in Egypt 
in 96 adults with mild or moderate COVID-
19, pts received favipiravir (1600 mg twice 
daily on day 1, then 600 mg twice daily on 
days 2–10) (n=48) or chloroquine (600 mg 
twice daily for 10 days) (n=48) in addition 
to standard care. Pts in the favipiravir 
group had a lower, though not statistically 
significant, mean duration of hospital stay 
compared with pts in the chloroquine 
group (13.3 versus 15.9 days). No pts in the 
favipiravir group required mechanical ven-
tilation compared with 4 pts in the chloro-
quine group. 48 
  
In a small, open-label, nonrandomized 
study in patients with non-severe COVID-
19 in China (ChiCTR2000029600), favipi-
ravir (1600 mg orally twice daily on day 1, 
then 600 mg orally twice daily on days 2–
14) (n=35) was associated with decreased 
median time to viral clearance (4 vs 11 
days) and higher improvement rate on 
chest CT imaging on day 14 (91 vs 62%) 
compared with the control group receiving 
lopinavir/ritonavir (n=45); both groups also 
received aerosolized interferon α-1b. 15 
 
In a prospective, observational, single-
center study in 174 adults in Turkey with 
probable or confirmed COVID-19 (20.1% 
with mild disease, 61.5% with moderate 
disease, 18.4% with severe pneumonia) 
admitted to the hospital within a median of 
3 days after symptom onset, 32 pts re-
ceived a regimen that included favipiravir. 
Most pts who received favipiravir (93.8%) 
received the drug either in combination 
with, or as sequential therapy to, hy-
droxychloroquine with or without azithro-
mycin. In pts who received a favipiravir-
containing regimen, the median time to 
defervescence and to clinical improvement 
on therapy was 3 and 6 days, respectively. 
Critically ill pts with sepsis and/or ARDS at 
the time of admission were excluded. 31 
  
In a small, observational study in Turkey in 
107 critically ill adults with COVID-19  

Data from 4 critically ill pts with 
COVID-19 who received favipiravir 
1600 mg twice daily on day 1, then 
600 mg twice daily on days 2–7 (a 
dosage considered to be “low dose”) 
indicate that the drug was well-
tolerated in these pts. 39 
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   pneumonia, 65 pts received favipiravir 
(1600 mg twice daily on day 1, then 600 mg 
daily for 4 days) and 42 pts received lop-
inavir/ritonavir. While length of hospital 
stay in the favipiravir group was decreased 
(6.6 vs 9 days), mortality in the favipiravir 
group was increased (66.2 vs 54.8%). 42 
  
In an open-label, prospective, nonrandom-
ized, observational, single-center sequen-
tial cohort study in Hungary, 150 hospital-
ized adults with moderate to severe COVID-
19 received treatment with favipiravir 
(n=75) or other antivirals (n=75). Disease 
progression, 14-day all cause mortality, 
requirement for mechanical ventilation, 
and PCR negativity rate were unaffected in 
pts receiving favipiravir (1600 mg twice 
daily on day 1, then 600 mg twice daily for 
a total course of at least 10 days) compared 
with those receiving other antivirals (i.e., 
chloroquine/hydroxychloroquine, oseltami-
vir, or LPV/RTV). 44 
  
In a prospective, single-center study in 13 
pts requiring mechanical ventilation for 
severe COVID-19 in Japan, pts received 
favipiravir (3600 mg orally on day 1, then 
1600 mg orally on days 2–14), along with 
methylprednisolone, and low molecular 
weight heparin (LMWH) or unfractionated 
heparin. Improvements in PaO2/FiO2 (P/F 
ratio), interleukin-6 concentration, and 
prepsepsin concentration suggested that 
favipiravir may have some effect on inflam-
matory mediators, but could not complete-
ly control inflammatory mediators or res-
piratory status. 32 
  
In a retrospective, observational, multi-
center study in 63 adults with COVID-19 in 
Thailand who received favipiravir (median 
loading dose of 47.4 mg/kg on day 1 and 
median maintenance doses of 17.9 mg/kg 
per day for a median total duration of 12 
days), clinical improvement at day 7 was 
reported in 66.7% of patients (92.5% in 
patients not requiring oxygen supplemen-
tation, 47.2% in patients requiring oxygen 
supplementation) and clinical improvement 
at day 14 was reported in 85.7% of patients 
(100% in patients not requiring oxygen 
supplementation, 75% in patients requiring  
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   oxygen supplementation). Overall mortality 
at day 28 was 4.8%. Nearly all patients also 
received a chloroquine-based therapy and 
an HIV protease inhibitor. Multivariate 
analysis revealed that older age, higher 
baseline disease severity, and loading dos-
es <45 mg/kg per day were negative predic-
tors of early clinical improvement. 23 
  
In a retrospective cohort study of 26 pts 
with COVID-19 who received various antivi-
ral regimens in Japan, 3 pts ≥74 years of 
age received treatment that included favi-
piravir; 2 of these pts demonstrated im-
provement and 1 pt died. 38 
  
In a meta-analysis of 13 studies assessing 
the efficacy and safety of favipiravir in the 
treatment of COVID-19, clinical deteriora-
tion was less likely with favipiravir than 
with other antiviral agents, although the 
difference was not statistically significant, 
and those treated with favipiravir had sub-
stantial clinical and radiological improve-
ments compared with those treated with 
standard of care. Viral clearance, require-
ment for oxygen or noninvasive ventilation, 
and adverse effects were similar between 
the favipiravir and standard of care treat-
ment groups. 33  
  
Multiple clinical trials initiated in pts with 
COVID-19 in the US, China, Japan, and oth-
er countries to evaluate favipiravir alone or 
in conjunction with other antivirals or other 
agents. 

  

HIV Protease 
Inhibitors 
  
Updated 
2/25/21 

8:18.08.08 
HIV Protease 
Inhibitors 
  

Lopinavir (LPV): Some 
evidence of in vitro activity 
against SARS-CoV-2 in Vero 
E6 cells; 19 evidence of in 
vitro activity against SARS-
CoV-1 and MERS-CoV; 1, 2, 9 
some evidence of benefit 
in animal studies for treat-
ment of MERS-CoV 2, 7, 9, 11 
  
Atazanavir (ATV): Some 
evidence that ATV alone or 
with ritonavir (ATV/RTV) 
has in vitro activity against 
SARS-CoV-2 in Vero E6   

Lopinavir and Ritonavir (LPV/RTV; Kalet-
ra®) randomized, open-label trial in China 
(Cao et al) in hospitalized adults with se-
vere COVID-19 compared LPV/RTV in con-
junction with standard care (99 pts) vs 
standard care alone (100 pts). Primary end 
point was time to clinical improvement 
(time from randomization to improvement 
of two points on a seven-category ordinal 
scale or hospital discharge, whichever 
came first). In ITT population, time to clini-
cal improvement was not shorter with 
LPV/RTV compared with standard care 
(median time to clinical improvement 16 
days in both groups); in modified ITT popu-
lation, median time to clinical improvement  

LPV/RTV (COVID-19): LPV 400 mg/
RTV 100 mg orally twice daily for up 
to 14 days with or without other 
antivirals (e.g., interferon, umifeno-
vir) has been used. 3, 6, 15, 16, 24 
  
LPV/RTV (SARS): LPV 400 mg/RTV 
100 mg orally twice daily for 14 days 
with ribavirin (4-g oral loading dose, 
then 1.2 g orally every 8 hours or 8 
mg/kg IV every 8 hours) 1 
  
LPV/RTV (MERS): LPV 400 mg/RTV 
100 mg orally twice daily with ribavi-
rin (various regimens) and/or inter-
feron-α ; LPV 400 mg/RTV 100 mg  

LPV/RTV: Efficacy for the treatment of 
COVID-19, with or without other antivi-
rals, not established. 22, 23 Results of 
several large, randomized trials evalu-
ating LPV/RTV in pts with COVID-19 
have not revealed evidence of clinical 
benefit. 22, 23, 27, 29 
  
  
Darunavir: Manufacturer states they 
have no clinical or pharmacologic evi-
dence to support use of DRV/c for treat-
ment of COVID-19. Results of an open-
label, controlled study in China indicat-
ed that a 5-day regimen of DRV/c was 
not effective for treatment of  
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  cells, 17, 19 human epithelial 
pulmonary cells (A549), 17 
and human monocytes 17 
  
Darunavir (DRV): In one 
study, DRV with cobicistat 
had no in vitro activity 
against SARS-CoV-2 at 
clinically relevant concen-
trations in Caco-2 cells; 18 
in another study, high DRV 
concentrations were re-
quired for in vitro inhibi-
tion of SARS-CoV-2 in Vero 
E6 cells 19 
 

Nelfinavir (NFV), 19, 28 Ri-
tonavir (RTV), 19 Saquinavir 
(SQV), 19 and Tipranavir 
(TPV) 19: Some evidence of 
in vitro activity against 
SARS-CoV-2 in Vero cells 
  
LPV/RTV: Some evidence 
of clinical benefit when 
used in conjunction with 
ribavirin and/or interferon 
in pts with SARS or MERS. 
1, 8-11 
  

15 days in LPV/RTV group and 16 days in 
standard care only group. The 28-day mor-
tality rate was numerically lower in LPV/
RTV group (19.2% vs 25% in ITT population; 
16.7% vs 25% in modified ITT population). 
Some evidence that LPV/RTV initiation 
within 12 days after symptom onset is asso-
ciated with shorter time to clinical improve-
ment. No significant differences in reduc-
tion of viral RNA load, duration of viral 
RNA detectability, duration of oxygen 
therapy, duration of hospitalization, or 
time from randomization to death. LPV/
RTV stopped early in 13 pts because of 
adverse effects. 3 
  
LPV/RTV vs chloroquine in small, random-
ized study in hospitalized adults with 
COVID-19 in China (Huang et al): 10 pts (7 
with moderate and 3 with severe disease) 
received chloroquine (500 mg twice daily 
for 10 days) and 12 pts (7 with moderate 
and 5 with severe disease) received LPV/
RTV (lopinavir 400 mg/ritonavir 100 mg 
twice daily for 10 days). All 10 pts treated 
with chloroquine had negative RT-PCR re-
sults for SARS-CoV-2 by day 13 and were 
discharged from the hospital by day 14; 
11/12 pts (92%) treated with LPV/RTV were 
negative for SARS-CoV-2 at day 14 and only 
6/12 (50%) were discharged from the hos-
pital by day 14.  Note: Results suggest that 
chloroquine was associated with shorter 
time to RT-PCR conversion and quicker 
recovery than LPV/RTV; however, this 
study included a limited number of pts and 
the median time from onset of symptoms 
to initiation of treatment was shorter in 
those treated with chloroquine than in 
those treated with LPV/RTV (2.5 vs 6.5 
days, respectively). 24 
  
LPV/RTV with ribavirin and interferon β-
1b vs LPV/RTV alone in open-label, ran-
domized trial in adults with mild to mod-
erate COVID-19 in Hong Kong (Hung et al; 
NCT04276688): 127 pts were randomized 
2:1 to receive LPV/RTV (LPV 400 mg/RTV 
100 mg) twice daily for 14 days) with ribavi-
rin (400 mg twice daily) and interferon β-1b 
(8 million IU sub-Q on alternate days for up 
to 3 doses depending on how soon treat-
ment initiated after symptom onset) or a  

orally twice daily with interferon β-
1b (0.25 mg/mL sub-Q on alternate 
days) for 14 days 1, 4, 8 

COVID-19 21, 26 and there are no pub-
lished clinical studies that have evaluat-
ed efficacy and safety of DRV/RTV or the 
fixed combination of DRV, cobicistat, 
emtricitabine, and tenofovir alafena-
mide for treatment of COVID-19. 21 
  
Atazanavir, Nelfinavir, Saquinavir, 
Tipranavir: No clinical trial data to sup-
port use in the treatment of COVID-19 22 
  
NIH  COVID-19 Treatment Guidelines 
Panel recommends against the use of 
LPV/RTV or other HIV protease inhibi-
tors for the treatment of COVID-19 in  
hospitalized and nonhospitalized pa-
tients.  The panel states that, based on 
the pharmacodynamics of LPV/RTV, 
there are concerns whether it is possi-
ble to achieve drug concentrations that 
can inhibit SARS-CoV-2 proteases. In 
addition, results of large randomized 
clinical trials evaluating LPV/RTV in hos-
pitalized COVID-19 patients did not 
demonstrate efficacy and data are lack-
ing regarding use in nonhospitalized 
COVID-19 patients. 22 
  
IDSA recommends against use of LPV/
RTV for the treatment of COVID-19 in 
hospitalized pts. 23 
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   14-day regimen of LPV/RTV alone. Median 
time to negative RT-PCR results for SARS-
CoV-2 in nasopharyngeal samples was 7 
days in pts treated with the 3-drug regimen 
vs 12 days in those treated with LPV/RTV 
alone; median duration of hospitalization 
was 9 or 14.5 days, respectively. Adverse 
effects reported in 48% of those treated 
with the 3-drug regimen and in 49% of 
those treated with LPV/RTV alone. Note: 
Results indicate a 3-drug regimen that in-
cluded LPV/RTV, ribavirin, and interferon β-
1b was more effective than LPV/RTV alone 
in pts with mild to moderate COVID-19, 
especially when treatment was initiated 
within 7 days of symptom onset. 25 
  
LPV/RTV retrospective cohort study in 
China (Deng et al) evaluated use of LPV/
RTV with or without umifenovir (Arbidol®) 
in adults. Primary end point was negative 
conversion in nasopharyngeal samples and 
progression or improvement of pneumo-
nia. At 7 days, SARS-CoV-2 undetectable in 
nasopharyngeal specimens in 6/17 pts 
(35%) treated with LPV/RTV alone vs 12/16 
(75%) treated with both drugs; chest CT 
scans were improving in 29% of pts treated 
with LPV/RTV alone vs 69% of pts treated 
with both drugs. 6 (See Umifenovir in this 
Evidence Table.) 
  
LPV/RTV in randomized, controlled, open-
label, platform trial (NCT04381936; RE-
COVERY): This study is enrolling pts with 
suspected or confirmed COVID-19 from 176 
hospitals in the UK. In the LPV/RTV arm 
(now terminated), 1616 pts were random-
ized to receive LPV/RTV (LPV 400 mg/RTV 
100 mg every 12 hours for 10 days or until 
discharge, whichever came first) plus 
standard of care and 3424 pts were ran-
domized to standard of care alone. At the 
time of study enrollment, 26% of pts did 
not require oxygen support, 70% required 
oxygen support, and only 4% were on me-
chanical ventilation. The primary outcome 
was all-cause mortality at day 28. Results of 
this study indicated that LPV/RTV is not an 
effective treatment for COVID-19 in hospi-
talized pts. Mortality rate at 28 days was 
23% in those treated with LPV/RTV plus 
standard of care vs 22% in those treated  
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   with standard of care alone. In addition, 
LPV/RTV did not reduce the time to hospi-
tal discharge (median length of stay was 11 
days in both groups) and, in those not re-
quiring mechanical ventilation at baseline, 
LPV/RTV did not decrease the risk of pro-
gression to mechanical ventilation (10% in 
the LPV/RTV group vs 9% in standard of 
care alone group). Results were consistent 
across all prespecified pt subgroups (age, 
sex, ethnicity, level of respiratory support, 
time since symptom onset, and predicted 
28-day mortality risk at time of randomiza-
tion). 27 
  
Large, multinational, open-label, random-
ized, adaptive trial launched by the World 
Health Organization (WHO) to evaluate 
effects of 4 different treatments compared 
with local standard of care in adults hospi-
talized with COVID-19 and not previously 
treated with any of the study drugs 
(SOLIDARITY): The protocol-specified pri-
mary outcome is in-hospital mortality; pro-
tocol-specified secondary outcomes are 
initiation of ventilation and duration of 
hospitalization. 29, 30 From March 22 to July 
4, 2020, 1411 pts were randomized to re-
ceive LPV/RTV (two tablets containing LPV 
200 mg/RTV 50 mg orally twice daily for 14 
days) with local standard of care and 1380 
pts were randomized to LPV/RTV control 
(i.e., local standard of care only). Clinical 
characteristics at baseline were well bal-
anced between groups. Data analysis for 
the intention-to-treat (ITT) population 
(1399 pts in LPV/RTV group and 1372 pts in 
standard of care group) indicated that LPV/
RTV did not reduce in-hospital mortality 
(either overall or in any subgroup defined 
by age or ventilation status at study entry) 
and did not reduce the need for initiation 
of ventilation or the duration of hospitali-
zation. The log-rank death rate ratio for 
LPV/RTV in the ITT population was 1.00; 
148/1399 pts treated with LPV/RTV (9.7%) 
and 146/1372 pts treated with standard of 
care (10.3%) died. Ventilation was initiated 
after randomization in 126 pts receiving 
LPV/RTV and 121 pts receiving standard of 
care. 29 
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   Darunavir and cobicistat (DRV/c) random-
ized, open-label trial in China (Chen et al; 
NCT04252274):  A total of 30 adults with 
mild, laboratory-confirmed COVID-19 were 
randomized 1:1 to receive DRV/c (fixed 
combination darunavir 800 mg/cobicistat 
150 mg once daily for 5 days) or no DRV/c 
(control group); all pts received interferon 
alfa-2b and standard of care. The primary 
end point was viral clearance rate at day 7 
(defined as RT-PCR negative for SARS-CoV-2 
in at least 2 consecutive oropharyngeal 
swabs collected at least 1-2 days apart). At 
day 7, viral clearance rate in the intention-
to-treat (ITT) population was 47% in those 
treated with DRV/c and 60% in the control 
group. In the per-protocol (PP) population, 
viral clearance rate at day 7 was 50% in 
those treated with DRV/c and 60% in the 
control group. The median time from ran-
domization to negative RT-PCR result was 8 
and 7 days, respectively. This study indicat-
ed that a 5-day regimen of DRV/c in pts 
with mild COVID-19 did not provide clini-
cal benefits compared with use of stand-
ard care alone. 26 
  
Several clinical trials evaluating LPV/RTV for 
treatment of COVID-19 are registered at 
clinicaltrials.gov. 15 
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Hydroxychlo-
roquine 
(Plaquenil®) 
 
Updated 
2/25/21  

8:30.08 
Antimalarial 
 
(4-
aminoquino-
line deriva-
tive)  

In vitro activity against 
various viruses, including 
coronaviruses 5, 8. 12-14 
 
In vitro activity against 
SARS-CoV-2 in infected 
Vero E6 cells reported; 
may be more potent than 
chloroquine in vitro, but 
some data are conflicting 
and additional study need-
ed 8, 12 

 
Has immunomodulatory 
activity that theoretically 
could contribute to an anti-
inflammatory response in 
patients with viral infec-
tions  3, 8, 13, 15, 16 
 
Known pharmacokinetics 
and toxicity profile based 
on use for other indica-
tions 13 
 
Hydroxyl analog of chloro-
quine with similar mecha-
nisms of action and ad-
verse effects; 13, 14 may 
have more favorable dose-
related toxicity profile than 
chloroquine, 13-16  but cardi-
otoxicity (e.g., prolonged 
QT interval) is a concern 
with both drugs 13, 35 

 

Clinical experience in treating pts with 
COVID-19: Majority of data to date involves 
use in pts with mild or moderate COVID-19; 

7, 18, 31, 35, 47, 49 only limited clinical data on 
use in pts with severe and critical disease.35 

 

Hydroxychloroquine small pilot study con-
ducted in China: 15 treatment-naive pts 
received hydroxychloroquine sulfate (400 
mg daily for 5 days) with conventional 
treatments and 15 pts received convention-
al treatments alone; 18 both groups re-
ceived interferon and most pts also re-
ceived umifenovir (Arbidol®) or LPV/RTV. 

30 Primary end point was conversion to 
negative PCR in pharyngeal swabs on day 7. 
Negative PCR reported at day 7 in 13 pts 
(86.7%) treated with hydroxychloroquine 
and 14 pts (93.3%) not treated with the 
drug (data unclear for 3 pts); median dura-
tion from hospitalization to negative con-
version and to temperature normalization 
were similar in both groups; evidence of 
radiologic progression on CT in 5 pts treat-
ed with the drug and 7 pts not treated with 
the drug (all pts showed improvement at 
follow-up). 18 

 
Hydroxychloroquine randomized, parallel-
group study in adults in China 
(ChiCTR2000029559): 31 pts with COVID-
19 and pneumonia received hydroxychloro-
quine sulfate (200 mg twice daily for 5 
days) and standard treatment (O2, antiviral 
agents, antibacterial agents, immuno-
globulin, with or without corticosteroids) 
and 31 other pts received standard treat-
ment alone (control group). Exclusion 
criteria included severe and critical illness. 
Pts assessed at baseline and 5 days after 
treatment initiation for time to clinical re-
covery (TTCR; defined as normalization of 
fever and cough relief maintained for >72 
hours), clinical characteristics, and changes 
on chest CT. It was concluded that hy-
droxychloroquine was associated with 
symptom relief since time to fever normali-
zation was shorter in hydroxychloroquine 
group (2.2 days) vs control group (3.2 
days), time to cough remission was shorter 
in hydroxychloroquine group, and pneumo-
nia improved in 25/31 pts (80.6%) in hy-
droxychloroquine group vs 17/31 pts  

Oral hydroxychloroquine sulfate 
dosage suggested in the EUA (now 
revoked): For treatment of hospital-
ized adults and adolescents weighing 
50 kg or more, suggested dosage was 
800 mg on day 1, then 400 mg daily 
for 4-7 days of total treatment based 
on clinical evaluation.  26 FDA now 
states that this dosage regimen is 
unlikely to have an antiviral effect in 
pts with COVID-19 based on a reas-
sessment of in vitro EC50/EC90 data 
and calculated lung concentrations; 
it is unclear whether this dosage 
regimen would provide any benefi-
cial immunomodulatory effects. 57 
  
Oral hydroxychloroquine sulfate 
dosage used or being investigated in 
clinical trials: 400 mg once or twice 
daily for 5-10 days or 400 mg twice 
daily on day 1 then 200 mg twice 
daily on days 2-5 10, 18, 66 
  
Oral hydroxychloroquine sulfate 
with azithromycin (France): 200 mg 
3 times daily for 10 days with or 
without azithromycin (500 mg on day 
1, then 250 mg once daily on days 2-
5) 7, 34, 47 
  

Efficacy and safety of hydroxychloro-
quine for treatment or prevention of 
COVID-19 not established 10, 24, 35, 38, 39 
  
No data to date indicating that in vitro 
activity against SARS-CoV-2 corresponds 
with clinical efficacy for treatment or 
prevention of COVID-19 
  
Data from various published random-
ized, controlled clinical trials and retro-
spective, cohort studies have not sub-
stantiated initial reports of efficacy of 4-
aminoquinoline antimalarials (with or 
without azithromycin) for the treatment 
of COVID-19; 35, 38, 40, 45, 46, 53, 59, 60, 61, 64, 66  
a few studies reported benefits when 
hydroxychloroquine was used in pts 
with COVID-19. 35, 38, 58  There has been 
concern about limitations related to 
trial design of some studies evaluating 
efficacy of hydroxychloroquine (e.g., 
lack of blinding and/or randomization, 
retrospective and/or observational na-
ture, insufficient statistical power, in-
consistency regarding concomitant ther-
apy), and there are some ongoing stud-
ies. 10, 35, 38 
  
NIH COVID-19 Treatment Guidelines 
Panel recommends against use of hy-
droxychloroquine (with or without 
azithromycin) for the treatment of 
COVID-19 in hospitalized pts and recom-
mends against use of hydroxychloro-
quine (with or without azithromycin) for 
the treatment of COVID-19 in nonhospi-
talized pts, except in a clinical trial. 35 
  
IDSA recommends against use of hy-
droxychloroquine (with or without 
azithromycin) for the treatment of 
COVID-19 in hospitalized pts. 38 
  
NIH COVID-19 Treatment Guidelines 
Panel recommends against the use of 
any drugs, including hydroxychloro-
quine, for preexposure prophylaxis 
(PrEP) for prevention of SARS-CoV-2 
infection, except in a clinical trial. 35 The 
panel states that, to date, no agent is 
known to be effective for preventing 
SARS-CoV-2 infection when given before 
an exposure. 35 
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   (54.8%) in control group. Total of 4 pts 
progressed to severe illness (all in the con-
trol group). 31 Note: This study did not 
include pts with severe disease and pts 
received other anti-infectives in addition to 
hydroxychloroquine. At study entry, 9 pts 
without fever and 9 pts without cough 
were included in hydroxychloroquine group 
and 14 pts without fever and 16 pts with-
out cough were included in control group; 
unclear how these pts were addressed in 
TTCR calculations. Although initial regis-
tered study protocol specified 2 different 
hydroxychloroquine treatment groups and 
a placebo group (each with 100 pts) and 
primary end points of time to negative 
nucleic acid and T-cell recovery, 32 data 
provided only for certain clinical symptoms 
in 62 pts without severe disease and PCR 
results not reported. 31 

 
Hydroxychloroquine randomized, parallel-
group, open-label study in hospitalized 
adults with mild to moderate COVID-19 in 
China (ChiCTR2000029868): 150 pts (148 
with mild to moderate disease and 2 with 
severe disease) were randomized 1:1 to 
receive hydroxychloroquine (1200 mg daily 
for 3 days, then 800 mg daily for total treat-
ment duration of 2-3 weeks) with standard 
of care or standard of care alone. Mean 
time from onset of symptoms to randomi-
zation was 16.6 days (range: 3-41 days). 
Standard of care included IV fluids, O2, vari-
ous antivirals (e.g., umifenovir, LPV/RTV), 
antibiotics, and/or glucocorticoid therapy. 
By day 28, 73% of pts (53 treated with hy-
droxychloroquine with standard of care 
and 56 treated with standard of care alone) 
had converted to negative for SARS-CoV-2. 
The probability of negative conversion by 
day 28  in those treated with hydroxychlo-
roquine was similar to that in those treated 
with standard of care alone; the median 
time to negative seroconversion (6 and 7 
days) also was similar in both groups. Ad-
verse effects reported in 30% of those 
treated with hydroxychloroquine and 9% of 
those treated with standard of care alone.  
Note: Results indicate that use of hy-
droxychloroquine in pts with mild to mod-
erate COVID-19 did not provide additional 
benefits compared with use of standard of 
care alone. 49 

 NIH COVID-19 Treatment Guidelines 
Panel recommends against the use of 
hydroxychloroquine for postexposure 
prophylaxis (PEP) for prevention of SARS
-CoV-2 infection and also recommends 
against the use of other drugs for PEP, 
except in a clinical trial. 35 The panel 
states that, to date, no agent is known 
to be effective for preventing SARS-CoV-
2 infection when given after an expo-
sure. In addition, results of several ran-
domized, controlled trials evaluating 
hydroxychloroquine for PEP (see Trials 
or Clinical Experience) indicated the 
drug was not effective and increased 
the risk of adverse events compared 
with placebo. 35 
  
Because 4-aminoquinolines 
(hydroxychloroquine, chloroquine) and 
azithromycin are independently associ-
ated with QT prolongation and because 
concomitant use of the drugs may fur-
ther increase the risk of QT prolonga-
tion, caution is advised if considering 
use of hydroxychloroquine (with or 
without azithromycin) in pts with COVID
-19, especially in outpatients who may 
not receive close monitoring and in 
those at risk for QT prolongation or 
receiving other drugs associated with 
arrhythmias. 35, 36, 38, 39, 41-44 
  
NIH panel states that 4-aminoquinolines 
(hydroxychloroquine, chloroquine) 
should be used concomitantly with 
drugs that pose a moderate to high risk 
for QTc prolongation (e.g., antiarrhyth-
mics, antipsychotics, antifungals, fluoro-
quinolones, macrolides [including 
azithromycin]) only if necessary. In addi-
tion, because of the long half-lives of 
both hydroxychloroquine (up to 40 
days) and azithromycin (up to 72 hours), 
caution is warranted even when these 
drugs are used sequentially. The panel 
states that use of doxycycline (instead 
of azithromycin) should be considered 
for empiric therapy of atypical pneumo-
nia in COVID-19 pts receiving hy-
droxychloroquine (or chloroquine). 35 
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   Hydroxychloroquine with azithromycin 
open-label, nonrandomized study in 
France (Gautret et al): Preliminary data 
from an ongoing study in hospitalized pts 
with confirmed COVID-19 was used to as-
sess efficacy of hydroxychloroquine used 
alone or with azithromycin; untreated pts 
were used as a negative control. The prima-
ry end point was negative PCR results in 
nasopharyngeal samples at day 6. Data 
from 14 pts treated with hydroxychloro-
quine sulfate (200 mg 3 times daily for 10 
days), 6 pts treated with hydroxychloro-
quine and azithromycin (500 mg on day 1, 
then 250 mg daily on days 2-5), and 16 pts 
in the control group were analyzed. At day 
6, 8/14 (57%) in the hydroxychloroquine 
group, 6/6 (100%) in the hydroxychloro-
quine and azithromycin group, and 2/16 
(12.5%) in the control group had negative 
PCR results. At day 8, a positive PCR was 
reported in a pt treated with both drugs 
who had tested negative at day 6.7  Note: 
This was a small nonrandomized study that 
didn’t appear to be designed to compare 
hydroxychloroquine vs hydroxychloroquine 
and azithromycin (pts received antibiotics 
to prevent bacterial superinfection based 
on clinical judgment). Data on disease se-
verity were unclear (some asymptomatic 
pts were included when study initiated) 
and information on disease progression 
and clinical outcomes was not presented.  
 
Hydroxychloroquine with azithromycin 
open-label, uncontrolled study in France 
(Molina et al): 11 adults hospitalized with 
COVID-19 received hydroxychloroquine 
(600 mg daily for 10 days) and azithromycin 
(500 mg on day 1, then 250 mg daily on 
days 2-5). At time of treatment initiation, 
8/11 pts had significant comorbidities asso-
ciated with poor outcomes and 10/11 had 
fever and received O2. Within 5 days, 1 pt 
died and 2 transferred to ICU; the regimen 
was discontinued in 1 pt after 4 days be-
cause of prolonged QT interval. Nasopha-
ryngeal samples were still PCR positive at 
days 5 and 6 in 8/10 pts tested. 33 Note: In 
this small uncontrolled study, hydroxychlo-
roquine and azithromycin regimen did not 
result in rapid viral clearance or provide 
clinical benefit. 

 The benefits and risks of hydroxychloro-
quine (with or without azithromycin) 
should be carefully assessed; diagnostic 
testing and monitoring are recommend-
ed to minimize risk of adverse effects, 
including drug-induced cardiac effects. 
35, 36, 38, 39, 41-44 
  
FDA issued a safety alert regarding ad-
verse cardiac effects (e.g., prolonged QT 
interval, ventricular tachycardia, ven-
tricular fibrillation) reported with use of 
chloroquine or hydroxychloroquine 
(either alone or in conjunction with 
azithromycin or other drugs known to 
prolong QT interval) in hospital and 
outpatient settings; FDA cautions 
against use of chloroquine or hy-
droxychloroquine for treatment or pre-
vention of COVID-19 outside of a clinical 
trial or hospital setting and urges 
healthcare professionals and pts to 
report adverse effects involving these 
drugs to FDA MedWatch. 39 
  
Emergency use authorization (EUA) for 
hydroxychloroquine (now revoked): 
Effective June 15, 2020, FDA has re-
voked the EUA for hydroxychloroquine 
and chloroquine 57 previously issued on 
March 28, 2020 that permitted distribu-
tion of the drugs from the strategic 
national stockpile (SNS) for use in adults 
and adolescents weighing 50 kg or more 
hospitalized with COVID-19 for whom a 
clinical trial was not available or partici-
pation not feasible. 24, 57 Based on a 
review of new information and reeval-
uation of information available at the 
time the EUA was issued, FDA conclud-
ed that the original criteria for issuance 
of the EUA for these drugs are no long-
er met. Based on the totality of scien-
tific evidence available, FDA concluded 
that it is unlikely that hydroxychloro-
quine and chloroquine may be effective 
in treating COVID-19 and, in light of 
ongoing reports of serious cardiac ad-
verse events and several newly report-
ed cases of methemoglobinemia in 
COVID-19 patients, the known and po-
tential benefits of hydroxychloroquine 
and chloroquine do not outweigh the  

https://www.ashp.org/COVID-19
https://creativecommons.org/licenses/by-nc/4.0/
https://www.accessdata.fda.gov/scripts/medwatch/index.cfm


Updated 04-30-2021. The current version of this document can be found on the ASHP COVID-19 Resource Center. 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International 

Page 17 

Copyright © 2021, American Society of Health-System Pharmacists, Inc. All rights reserved. 

Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments 

   Hydroxychloroquine with azithromycin 
uncontrolled, retrospective, observational 
study in France (Gautret et al): 80 adults 
with confirmed COVID-19 (including 6 pts 
included in a previous study by the same 
group) were treated with hydroxychloro-
quine sulfate (200 mg 3 times daily for 10 
days) and azithromycin (500 mg on day 1, 
then 250 mg daily on days 2-5). Majority 
(92%) were considered low risk for clinical 
deterioration (low national early warning 
score for COVID-19 based on age, respira-
tory rate, O2 saturation, temperature, BP, 
pulse, level of consciousness); only 15% 
had fever; 4 pts were asymptomatic carri-
ers; mean time from onset of symptoms to 
treatment initiation was 4.9 days. Clinical 
outcome, contagiousness as assessed by 
nasopharyngeal PCR assay and culture, and 
length of stay in infectious disease (ID) unit 
were evaluated in pts who were treated for 
at least 3 days and followed for at least 6 
days. Favorable outcome was reported for 
81.3%; 15% required O2; 3 pts transferred 
to ICU; 1 pt died; mean time to discharge 
from ID unit was 4.1 days. At day 8, PCR 
results were negative in 93% of those test-
ed; at day 5, viral cultures were negative in 
97.5% of those tested. 34  Note: Almost all 
pts were considered low risk for clinical 
deterioration (including 4 pts described as 
asymptomatic carriers) and it is unclear 
how many would have had spontaneous 
conversion to negative nasopharyngeal 
samples during same time frame. Although 
80 pts were enrolled, PCR results available 
for fewer pts beginning on day 3 and only 
60 pts represented in day 6 data. This was 
an uncontrolled study and data presented 
cannot be used to determine whether a 
regimen of hydroxychloroquine with 
azithromycin provides benefits in terms of 
disease progression or decreased infec-
tiousness, especially for pts with more se-
vere disease. 
 
Hydroxychloroquine with azithromycin 
uncontrolled, observational, retrospective 
analysis in France (Million et al): Data for 
1061 pts with PCR-documented SARS-CoV-
2 RNA who were treated with a regimen of 
hydroxychloroquine  sulfate (200 mg 3 
times daily for 10 days) and azithromycin  

 known and potential risks associated 
with the use authorized by the EUA. 57 
  
The basis for the FDA decision to  re-
voke the EUA for hydroxychloroquine 
and chloroquine is summarized below: 
  
1) Suggested hydroxychloroquine and 
chloroquine dosage regimens as de-
tailed in the EUA fact sheets for 
healthcare providers are unlikely to 
produce an antiviral effect. 57 
  
2) Earlier observations of decreased 
viral shedding with hydroxychloroquine 
or chloroquine treatment have not been 
consistently replicated and recent data 
from a randomized controlled trial as-
sessing probability of negative conver-
sion showed no difference between 
hydroxychloroquine and standard of 
care alone. 57 
  
3) Current US treatment guidelines do 
not recommend the use of chloroquine 
or hydroxychloroquine in hospitalized 
patients with COVID-19 outside of a 
clinical trial and the NIH guidelines now 
recommend against such use outside of 
a clinical trial. 57 
  
4) Recent data from a large, random-
ized, controlled trial showed no evi-
dence of benefit in mortality or other 
outcomes such as hospital length of stay 
or need for mechanical ventilation for 
hydroxychloroquine treatment in hospi-
talized patients with COVID-19. 57 
  
Consult the FDA letter regarding the 
revocation of the EUA for hydroxychlo-
roquine and chloroquine and the FDA 
memorandum explaining the basis for 
the revocation for additional infor-
mation. 57 
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   (500 mg on day 1, then 250 mg daily on 
days 2-5) were analyzed for clinical out-
comes and persistence of viral shedding. 
Pts were included in the analysis if they 
received the combined regimen for at least 
3 days and were clinically assessable at day 
9. There were 56 asymptomatic and 1005 
symptomatic pts; the majority (95%) had 
relatively mild disease and were considered 
low risk for clinical deterioration; median 
age was 43.6 years (range: 14-95 years) and 
mean time between onset of symptoms 
and initiation of treatment was 6.4 days. 
Within 10 days of treatment, good clinical 
outcome reported in 973 pts (91.7%) and 
poor clinical outcome reported in 46 pts 
(4.3%). Persistent nasal carriage of SARS-
CoV-2 reported at completion of treatment 
in 47 pts (4.4%); 8 pts died.47  
 
Hydroxychloroquine (with or without 
azithromycin) in a retrospective analysis of 
patients hospitalized with COVID-19 in US 
Veterans Health Administration medical 
centers (Magagnoli et al): Data for 368 
males (median age >65 years) treated with 
hydroxychloroquine in addition to standard 
supportive management were analyzed for 
death rate and need for mechanical ventila-
tion. Death rate was 27.8% (27/97) in those 
treated with hydroxychloroquine, 22.1% 
(25/113) in those treated with hydroxychlo-
roquine and azithromycin, and 11.4% 
(18/158) in those not treated with hy-
droxychloroquine; rate of ventilation was 
13.3, 6.9, and 14.1%, respectively. Use of 
hydroxychloroquine alone (but not use of 
hydroxychloroquine and azithromycin) was 
associated with increased overall mortality 
compared with no hydroxychloroquine; use 
of hydroxychloroquine with or without 
azithromycin did not reduce the risk of 
mechanical ventilation. 40  Note: The pt 
population included only elderly males 59-
75 years of age, many with significant 
comorbidities. This analysis did not look at 
efficacy measures. 
 
Two different retrospective studies ana-
lyzed outcome data for hospitalized pts 
with confirmed COVID-19 in New York to 
assess the effects of treatment with hy-
droxychloroquine with or without  
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   azithromycin (Rosenberg et al, Geleris et 
al):  Results of these studies suggest that 
use of hydroxychloroquine with or without 
azithromycin is not associated with de-
creased in-hospital mortality. 45, 46  
 
Rosenberg et al analyzed data for 1438 
hospitalized pts (735 received hy-
droxychloroquine with azithromycin, 271 
received hydroxychloroquine alone, 211 
received azithromycin alone, 221 received 
neither drug) and assessed in-hospital mor-
tality (primary outcome). Overall, in-
hospital mortality was 20.3%; in-hospital 
mortality was 25.7, 19.9, 10, or 12.7% in 
those treated with hydroxychloroquine 
with azithromycin, hydroxychloroquine 
alone, azithromycin alone, or neither drug, 
respectively. 45  
 
Geleris et al analyzed data for 1376 hospi-
talized pts (811 received hydroxychloro-
quine [486 of these also received azithro-
mycin] and 565 did not receive hy-
droxychloroquine [127 of these received 
azithromycin]) and assessed the primary 
end point of time from study baseline to 
intubation or death. Overall, 346 pts 
(25.1%) progressed to a primary end point 
of intubation and/or death and the compo-
site end point of intubation or death was 
not affected by hydroxychloroquine treat-
ment (intubation or death reported in 
32.3% of pts treated with hydroxychloro-
quine and 14.9% of pts not treated with the 
drug). 46    

 
Large, randomized, controlled, open-label, 
platform trial evaluating efficacy of vari-
ous treatments in hospitalized pts with 
COVID-19 (NCT04381936; RECOVERY): This 
study is enrolling pts with suspected or 
confirmed COVID-19 from 176 hospitals in 
the UK. The protocol-specified primary 
outcome is all-cause mortality at day 28; 
secondary outcomes include duration of 
hospitalization and composite of initiation 
of invasive mechanical ventilation 
(including ECMO) or death among those 
not receiving invasive mechanical ventila-
tion at time of randomization. In the hy-
droxychloroquine sulfate arm (now termi-
nated), 1561 adults were randomized to  
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   receive hydroxychloroquine sulfate (two 
800-mg doses given 6 hours apart followed 
by two 400-mg doses given 12 and 24 
hours after the initial dose on day 1, then 
400 mg every 12 hours thereafter for 9 
days or until hospital discharge, whichever 
came first) plus standard of care and 3155 
were randomized to standard of care 
alone. Data analyses for this intention-to-
treat (ITT) population indicated that hy-
droxychloroquine did not reduce mortality 
and did not provide other benefits in pts 
hospitalized with COVID-19. The 28-day 
mortality rate was 27% in those treated 
with hydroxychloroquine plus standard 
care vs 25% in those treated with standard 
care alone (death rate ratio 1.09); results 
were consistent across all subgroups de-
fined at the time of randomization (age, 
sex, race, time since illness onset, level of 
respiratory support, predicted 28-day risk 
of death). In addition, pts in the hy-
droxychloroquine group had a longer dura-
tion of hospitalization than those in the 
standard care alone group (median time to 
discharge 16 vs 13 days) and a lower proba-
bility of discharge alive within 28 days. 
Among those not receiving invasive me-
chanical ventilation at baseline, the num-
ber of pts who progressed to invasive me-
chanical ventilation or death was higher in 
the hydroxychloroquine group than the 
standard care alone group (risk ratio 
1.14).53  
 
Large, multinational, open-label, random-
ized, adaptive trial launched by the World 
Health Organization (WHO) to evaluate 
effects of 4 different treatments compared 
with local standard of care in adults hospi-
talized with COVID-19 and not previously 
treated with any of the study drugs 
(SOLIDARITY): The protocol-specified pri-
mary outcome is in-hospital mortality; pro-
tocol-specified secondary outcomes are 
initiation of ventilation and duration of 
hospitalization. 64, 65 From March 22 to June 
19, 2020, 954 pts were randomized to re-
ceive hydroxychloroquine sulfate (two 800-
mg doses given 6 hours apart followed by a 
400-mg dose given 12 hours after the initial 
dose on day 1, then 400 mg twice daily for 
10 days) with local standard of care and  
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   909 pts were randomized to hydroxychlo-
roquine control (i.e., local standard of care 
only). Clinical characteristics at baseline 
were well balanced between groups. Data 
analysis for the intention-to-treat (ITT) 
population (947 pts in hydroxychloroquine 
group and 906 pts in standard of care only 
group) indicated that hydroxychloroquine 
did not reduce in-hospital mortality 
(either overall or in any subgroup defined 
by age or ventilation status at study entry) 
and did not reduce the need for initiation 
of ventilation or the duration of hospitali-
zation. The log-rank death rate ratio for 
hydroxychloroquine in the ITT population 
was 1.19; 104/947 pts treated with hy-
droxychloroquine (10.2%) and 84/906 pts 
treated with standard of care (8.9%) died. 
Ventilation was initiated after randomiza-
tion in 75 pts receiving hydroxychloroquine 
and 66 pts receiving standard of care. 64 

 
Multicenter, randomized, blinded, placebo
-controlled trial evaluating hydroxychloro-
quine in adults hospitalized with COVID-19 
(Self et al): A total of 479 adults with la-
boratory-confirmed SARS-CoV-2 infection 
were randomized 1:1 to receive hy-
droxychloroquine sulfate (400 mg twice 
daily on day 1, then 200 mg twice daily on 
days 2-5) or placebo. Baseline characteris-
tics were similar between both groups; 
median age was 57 years and median dura-
tion of symptoms prior to randomization 
was 5 days. The primary outcome was clini-
cal status at 14 days after randomization 
and clinical status was assessed using a 7-
category ordinal scale (COVID outcomes 
scale); secondary outcomes included all-
cause all-location mortality at 14 and 28 
days after randomization, time to recovery, 
composite of death or need for ECMO, and 
support-free days through 28 days (e.g., no 
need for hospitalization, oxygen, intensive 
care, ventilator, vasopressors). At day 14, 
there was no difference in clinical status 
between the hydroxychloroquine group 
(242 pts) and placebo group (237 pts); me-
dian score (interquartile range) on the 
COVID outcomes scale was 6 (4-7) in both 
groups (score of 6 was defined as not hos-
pitalized and unable to perform normal 
activities). There also was no difference in  
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   clinical status at day 14 between the hy-
droxychloroquine and placebo groups in 
any of the prespecified subgroups (e.g., 
based on age, sex, race/ethnicity, baseline 
illness severity, duration of symptoms). In 
addition, there were no differences in any 
of the secondary outcomes between the 
treatment groups. Data for pts with con-
firmed vital status at day 28 indicated that 
10.4% of those in the hydroxychloroquine 
group and 10.6% of those in the placebo 
group had died. 66 
 
Retrospective, comparative cohort study 
evaluating clinical outcomes in hospital-
ized COVID-19 pts treated with hy-
droxychloroquine vs hydroxychloroquine 
with azithromycin vs azithromycin alone 
(Arshad et al):  Data for 2541 consecutive 
pts with laboratory-confirmed COVID-19 
who were admitted to hospitals within the 
Henry Ford Health System in Michigan and 
received hydroxychloroquine and/or 
azithromycin or did not receive these drugs 
were analyzed. Median age of patients was 
64 years; the majority had BMI of 30 or 
greater and many had various other comor-
bidities; 68% received corticosteroid treat-
ment and 4.5% received tocilizumab; 
mSOFA scores were not available for 25% 
of pts and data were not available regard-
ing duration of symptoms prior to hospitali-
zation; and the median length of hospitali-
zation was 6 days. The primary end point 
was inpatient mortality; median follow-up 
was 28.5 days. Results indicated that crude 
mortality rates were 18.1% in the entire 
group, 13.5% in the hydroxychloroquine 
group, 20.1% in the hydroxychloroquine 
with azithromycin group, 22.4% in the 
azithromycin group, and 26.4% in those not 
treated with hydroxychloroquine and/or 
azithromycin. The primary causes of mor-
tality were respiratory failure (88%), cardi-
ac arrest (4%), and cardiopulmonary arrest 
and multi-organ failure (8%). Note: Only 
selected pts with minimal cardiac risk fac-
tors received hydroxychloroquine with 
azithromycin and all pts treated with hy-
droxychloroquine were monitored closely 
with telemetry and serial QTc evaluations. 
58 
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   Open-label, randomized study in hospital-
ized pts with mild to moderate COVID-19 
(Cavalcanti et al; Brazil; NCT04322123): 
Adults hospitalized with COVID-19 were 
randomized 1:1:1 to receive standard care 
(control group), hydroxychloroquine (400 
mg twice daily for 7 days) with standard 
care, or hydroxychloroquine (same dosage) 
plus azithromycin (500 mg once daily for 7 
days) with standard care. Pts not requiring 
supplemental oxygen or only requiring 
supplemental oxygen at a rate of 4 L/min or 
less at baseline were enrolled; pts with a 
history of severe ventricular tachycardia or 
with QTc of 480 msec or greater at baseline 
were excluded. The median time from on-
set of symptoms to randomization was 7 
days. The primary outcome was clinical 
status at day 15 evaluated using a 7-point 
ordinal scale. Data for the 504 pts in the 
modified intention-to-treat population with 
laboratory-confirmed COVID-19 (173 pts in 
the control group, 159 pts in the hy-
droxychloroquine group, 172 pts in the 
hydroxychloroquine and azithromycin 
group) indicated there was no significant 
difference in clinical status at day 15 in 
those treated with hydroxychloroquine 
with or without azithromycin compared 
with the control group. There also were no 
significant differences in secondary out-
comes (e.g., need for mechanical ventila-
tion, duration of hospitalization, in-hospital 
death) among the groups. 61 

 
Open-label, randomized study in outpa-
tients with mild COVID-19 (Mitja et al; 
Spain):  Total of 293 adults with laboratory
-confirmed COVID-19 who did not require 
hospitalization and had mild symptoms 
(i.e., fever, acute cough, shortness of 
breath, sudden olfactory or gustatory loss, 
influenza-like illness) for less than 5 days 
before study enrollment were randomized 
1:1 to receive hydroxychloroquine (800 mg 
on day 1, then 400 mg once daily for 6 
days) or usual care only. The primary out-
come was reduction of viral RNA load in 
nasopharyngeal swabs at days 3 and 7 after 
treatment initiation. Median age of pts was 
41.6 years, 53% reported chronic health 
conditions, and 87% were healthcare work-
ers. The median time from symptom onset  
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   to randomization was 3 days, and the mean 
viral load at baseline was 7.9 log10 copies/
mL. Results indicated that a 7-day hy-
droxychloroquine regimen did not provide 
any clinical benefits compared with usual 
care alone in these outpatients with mild 
COVID-19. There was no significant reduc-
tion in viral load at day 3 or 7 in those 
treated with hydroxychloroquine vs those 
treated with usual care only and there was 
no decrease in median time to resolution of 
COVID-19 symptoms (10 and 12 days, re-
spectively) and no decrease in risk of  hos-
pitalization (7 and 6%, respectively). 59 
 
Double-blind, randomized, placebo-
controlled study in outpatients with con-
firmed or probable early COVID-19 
(Skipper et al; US and Canada; 
NCT04308668):  A total of 423 sympto-
matic adults with laboratory-confirmed 
COVID-19 or with symptoms compatible 
with COVID-19 and a high-risk exposure to 
a contact with laboratory-confirmed COVID
-19 were randomized 1:1 to receive hy-
droxychloroquine (initial dose of 800 mg, 
600 mg given 6-8 hours later, then 600 mg 
once daily for the next 4 days) or placebo. 
Enrolled pts had been symptomatic for no 
more than 4 days and did not require hos-
pitalization at the time of enrollment. The 
primary efficacy end point specified in the 
initial study protocol was subsequently 
changed to overall symptom severity over 
14 days; symptoms and severity were self-
reported by the pts at days 3, 5, 10, and 14 
using a survey with a 10-point visual analog 
scale. Median age of pts was 40 years, 68% 
reported no chronic medical conditions, 
57% were healthcare workers, 25% had 
been exposed to COVID-19 through house-
hold contacts, and 56% of pts had enrolled 
within 1 day of symptom onset.  Results 
indicated that a 5-day hydroxychloroquine 
regimen did not provide any substantial 
improvement in symptom severity in 
these outpatients with confirmed or prob-
able COVID-19.  At day 5, 54% of pts in the 
hydroxychloroquine group and 56% in the 
placebo group reported symptoms. At day 
14, 24% of those treated with hydroxychlo-
roquine had ongoing symptoms compared 
with 30% of those treated with placebo.  
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   Overall, the decrease in prevalence of 
symptoms and the reduction in symptom 
severity score over 14 days were not signifi-
cantly different between the two groups 
(symptom severity in the 10-point scale 
decreased 2.6 points in those treated with 
hydroxychloroquine and 2.3 points in those 
treated with placebo). In addition, there 
was no difference between the groups in 
the incidence of hospitalization or death. 60 

 
Large, multinational, retrospective study 
analyzed outcome data for hospitalized 
pts with confirmed COVID-19 to assess the 
effects of hydroxychloroquine or chloro-
quine used with or without a macrolide 
(Mehra et al; now retracted):  Original 
publication included data obtained world-
wide for 96,032 pts hospitalized with 
COVID-19 between Dec 20, 2019 and Apr 
14, 2020,  including 14,888 pts who re-
ceived chloroquine or hydroxychloroquine 
with or without a macrolide (azithromycin 
or clarithromycin) initiated within 48 hours 
of diagnosis (treatment group) and 81,144 
pts who did not receive these drugs 
(control group). Based on those data, in-
hospital mortality rate in the control group 
was 9.3% compared with 18% in those 
treated with hydroxychloroquine alone 
(n=3016), 23.8% in those treated with hy-
droxychloroquine and a macrolide 
(n=6221), 16.4% in those treated with chlo-
roquine alone (n=1868), and 22.2% in those 
treated with chloroquine and a macrolide 
(n=3783). 50 Note: This published study has 
now been retracted by the publisher at 
the request of 3 of the original authors. 52 
Concerns were raised with respect to the 
veracity of the data and analyses conduct-
ed by a global healthcare data collabora-
tive. 51, 52   
 
Hydroxychloroquine for postexposure 
prophylaxis of COVID-19 randomized, 
placebo-controlled trial in the US and Can-
ada (NCT04308668): Asymptomatic adults 
with occupational or household exposure 
to an individual with COVID-19 were ran-
domly assigned 1:1 to receive postexposure 
prophylaxis with a 5-day regimen of hy-
droxychloroquine sulfate (initial 800-mg 
dose followed by a 600-mg dose given 6-8  
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   hours after first dose on day 1, then 600 mg 
once daily for 4 additional days) or placebo 
(folate tablets). A total of 821 asympto-
matic adults were enrolled within 4 days 
after COVID-19 exposure (414 randomized 
to hydroxychloroquine and 407 random-
ized to placebo); 66% were healthcare 
workers. Overall, 88% of participants re-
ported high-risk exposures (occurred at a 
distance of <6 feet for >10 minutes while 
not wearing a face mask or eye shield) and 
the others reported moderate-risk expo-
sures (occurred at a distance of <6 feet for 
>10 minutes while wearing a face mask but 
no eye shield). Note: Participants were 
recruited primarily through social media 
outreach and traditional media platforms 
and were enrolled using an internet-based 
survey. The exposure event and subse-
quent onset of new symptoms and illness 
compatible with COVID-19 after enroll-
ment were self-reported using email sur-
veys on days 1, 5, 10, and 14 and at 4-6 
weeks.  Results of these surveys and infor-
mation  obtained using additional forms of 
follow-up indicated that confirmed or prob-
able COVID-19 (based on self-reported 
symptoms or PCR testing) developed in 
13% of participants overall (107/821) and 
did not differ significantly between those 
who received hydroxychloroquine prophy-
laxis (11.8%) and those who received place-
bo (14.3%). 55  Note: The various limita-
tions of the trial design should be consid-
ered when interpreting the results. Expo-
sure to someone with confirmed COVID-19, 
time from the exposure event to initiation 
of prophylaxis, and all outcome data 
(including possible COVID-19 symptoms 
and PCR test results) were self-reported by 
study participants. COVID-19 was con-
firmed with PCR testing in only a small per-
centage (<3%) of participants who self-
reported COVID-19 symptoms. Survey re-
sults indicated that full adherence to the 5-
day prophylaxis regimen was reported by 
only 75% of patients randomized to hy-
droxychloroquine and 83% of those ran-
domized to placebo. In addition, a total of 
52 participants did not complete any sur-
veys after study enrollment. 55, 56   
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   Double-blind, placebo-controlled, random-
ized trial in the US to evaluate hy-
droxychloroquine for preexposure prophy-
laxis (PrEP) for prevention of COVID-19 
(Abella et al; NCT04329923): Healthcare 
personnel working ≥20 hours per week in 
hospital-based units (nurses, physicians, 
certified nursing assistants, emergency 
technicians, respiratory therapists) who 
had no known history of SARS-CoV-2 infec-
tion and no symptoms suggestive of COVID-
19 within 2 weeks prior to trial enrollment 
were randomized 1:1 to receive hy-
droxychloroquine (600 mg daily) or placebo 
for preexposure prophylaxis of COVID-19. 
Nasopharyngeal swab tests for SARS-CoV-2 
and serologic tests for anti-nucleocapside 
IgG, anti-spike protein receptor-binding 
domain (RBD) IgM, and anti-RBD IgG were 
performed at the time of randomization 
(baseline) and at 4 and 8 weeks; partici-
pants also were surveyed weekly for adher-
ence and adverse events. The primary out-
come was rate of conversion to SARS-CoV-2
-positive status based on nasopharyngeal 
swab testing at 8 weeks. A total of 125 
participants were evaluable for the primary 
outcome (64 in the hydroxychloroquine 
arm and 61 in the placebo arm); 22 of the 
evaluable participants (17.6%) discontinued 
study treatment early. Results indicate that 
preexposure prophylaxis with hy-
droxychloroquine did not provide clinical 
benefits in hospital-based healthcare per-
sonnel. The rate of COVID-19 positivity was 
similar in the hydroxychloroquine group 
(6.3%) and placebo group (6.6%); cases of 
infection occurred throughout the 8-week 
study period. All 8 individuals who became 
infected (4 in each group) were either 
asymptomatic or had mild disease with full 
recovery; none required hospitalization. 
After reviewing data at the time of a sec-
ond planned interim analysis, the data 
safety and monitoring board recommended 
that the trial be terminated early. Grade 3 
or 4 adverse events were not reported in 
any participants; the incidence of adverse 
events was significantly higher in the hy-
droxychloroquine group than the placebo 
group (45 vs 26%). Note: Limitations of this 
trial include the possibility that it was in-
sufficiently powered because of low  
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   enrollment, data are not available to quan-
tify the frequency of participant exposures 
to the virus or specific timing of such expo-
sures, and most participants were young 
and healthy. 62 
 
Efficacy of hydroxychloroquine for preex-
posure prophylaxis (PrEP) for prevention 
of COVID-19 was also evaluated in another 
double-blind, placebo-controlled, random-
ized trial in the US and Canada 
(Rajasingham et al; NCT04328467): This 
study enrolled 1483 healthcare personnel 
≥18 years of age at high risk because of 
ongoing exposure to patients with SARS-
CoV-2 (i.e., personnel working in emergen-
cy departments, intensive care units, or 
COVID-19 hospital wards; those performing 
aerosol-generating procedures; first re-
sponders) and randomized them to PrEP 
with hydroxychloroquine (two 400-mg 
doses given 6-8 hours apart, then 400 mg 
once or twice weekly for 12 weeks) or simi-
lar regimens of placebo (folic acid). The 
primary outcome was laboratory-
confirmed COVID-19 or COVID-19-
compatible illness. Results indicated that a 
once- or twice-weekly regimen of hy-
droxychloroquine did not reduce laborato-
ry-confirmed COVID-19 or COVID-19-
compatible illness in healthcare personnel 
at high risk of infection. Overall, COVID-19 
(laboratory-confirmed or symptomatic 
compatible illness) occurred in 39 (7.9%) of 
those in the placebo group compared with 
29 (5.9%) of those in the once-weekly 
hydroxychloroquine group and 29 (5.9%) of 
those in the twice-weekly hydroxychloro-
quine group. This corresponded to an inci-
dence of 0.38 events/person-year with 
placebo compared with 0.27 events/person
-year with once-weekly and 0.28 
events/person-year with twice-weekly 
hydroxychloroquine. 67 
 
Double-blind, placebo-controlled, random-
ized trial in the US to evaluate hy-
droxychloroquine for postexposure 
prophylaxis (PEP) for prevention of COVID-
19 following contact with an infected indi-
vidual (Barnabas et al; NCT04328961): 
Trial participants were adults with known 
exposure to an individual with SARS-CoV-2  
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   infection (household or healthcare-
associated exposure) within the prior 96 
hours. Households were randomly assigned 
in a 1:1 ratio to receive PEP with hy-
droxychloroquine (400 mg daily for 3 days, 
then 200 mg daily for 11 days) or ascorbic 
acid as placebo equivalent (500 mg daily for 
3 days, then 250 mg daily for 11 days); all 
eligible participants in the same household 
were randomly assigned to the same group 
to prevent unblinding between study par-
ticipants. The primary end point was labor-
atory-confirmed SARS-CoV-2 infection 
through day 14. Results indicated that a 14-
day hydroxychloroquine regimen was not 
effective for PEP in household contacts of 
individuals with COVID-19. A total of 689 
participants were included in the modified 
intention-to-treat (mITT) primary analysis. 
A total of 98 SARS-CoV-2 infections were 
detected in the first 14 days of follow-up 
among participants who were negative at 
baseline. Overall, there were 53 SARS-CoV-
2 acquisition events in the hydroxychloro-
quine group and 45 events the control 
group. 68 

 
Efficacy of hydroxychloroquine for postex-
posure prophylaxis (PEP) for prevention of 
COVID-19 following contact with an infect-
ed individual was also evaluated in anoth-
er double-blind, placebo-controlled, ran-
domized trial in the US and Canada 
(Boulware et al; NCT04308668): Trial par-
ticipants were adults with household or 
occupational exposure to an individual with 
laboratory-confirmed COVID-19 at a dis-
tance of <6 feet for >10 minutes while not 
wearing a face mask or eye shield (high-risk 
exposure) or while wearing a face mask but 
no eye shield (moderate-risk exposure). 
Within 4 days of exposure, participants 
were randomly assigned to receive PEP 
with hydroxychloroquine (800-mg dose, 
then 600 mg 6-8 hours later, then 600 mg 
daily for 4 days) or placebo (folic acid). The 
primary outcome was laboratory-
confirmed SARS-CoV-2 infection or COVID-
19-related symptoms through day 14. Re-
sults indicated that hydroxychloroquine 
was not effective for PEP in high- or mod-
erate-risk household or occupational con-
tacts of an individual  
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   with confirmed COVID-19. A total of 821 
participants (87.6% with high-risk expo-
sures) were included in the efficacy analy-
sis. COVID-19 (either PCR-confirmed or 
symptomatically compatible) developed in 
107 participants (13%) during the 14 days 
of follow-up. The incidence of new illness 
compatible with COVID-19 was 11.8% in 
the hydroxychloroquine group and 14.3% 
in the placebo group. 69 

 
Retrospective cohort study in the US to 
evaluate possible SARS-CoV-2 preventive 
benefits of hydroxychloroquine therapy 
used in pts with rheumatic conditions 
(Gentry et al): Possible benefit of long-
term hydroxychloroquine therapy used for 
management of rheumatic conditions for 
prevention of SARS-CoV-2 infection in such 
pts was investigated retrospectively using 
data obtained from the US Veterans Affairs 
Medical Centers (VAMCs) database. Adults 
in the database with ICD-10 diagnostic 
code entries for rheumatoid arthritis, sys-
temic lupus erythematosus, and associated 
rheumatologic conditions were identified 
and each such pt receiving hydroxychloro-
quine was matched to 2 such pts not re-
ceiving hydroxychloroquine (controls). The 
primary end point was the proportion of 
pts with PCR-confirmed SARS-CoV-2 infec-
tion between March 1 and June 30, 2020 
among those receiving long-term hy-
droxychloroquine therapy versus the pro-
pensity-matched patients not receiving 
hydroxychloroquine. Data analyses indicat-
ed that long-term hydroxychloroquine 
therapy in patients receiving the drug for 
rheumatic conditions was not associated 
with a preventive effect against SARS-CoV-
2 infection. The incidence of SARS-CoV-2 
infection was similar in pts receiving hy-
droxychloroquine (0.3%; 31 of 10,703 pts) 
and those not receiving the drug (0.4%; 78 
of 21,406 pts). In those who developed 
active SARS-CoV-2 infection, there were no 
significant differences in secondary out-
comes between the hydroxychloroquine 
group and control group. 63 

 
Various clinical trials evaluating hy-
droxychloroquine for treatment or preven-
tion of COVID-19 are registered at clinical-
trials.gov. 10 
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Neuramini-
dase inhibi-
tors (e.g., 
oseltamivir) 
  
Updated 
1/14/21 

8:18.28 
  

Antivirals active against 
influenza viruses 
  
Neither oseltamivir nor 
zanamivir has demonstrat-
ed inhibition of cytopathic 
effect against SARS-CoV-1 
in in vitro cell culture 4 
  
Oseltamivir did not 
demonstrate in vitro antivi-
ral activity against SARS-
CoV-2 in Vero E6 cells 6, 9 
  
Data are not available on in 
vitro antiviral activity of 
peramivir or zanamivir 
against SARS-CoV-2 8 

Oseltamivir has been included as a compo-
nent of various antiviral regimens used for 
the treatment of COVID-19.1, 5, 6, 7 While 
oseltamivir is noted to have been widely 
used for confirmed or suspected COVID-19 
cases in hospitals in China in the early stag-
es of the pandemic, there has been no 
evidence that oseltamivir is effective in the 
treatment of COVID-19. 2 
  
In a retrospective case series of 99 adults 
with COVID-19 at single center in Wuhan 
from 1/1/20 to 1/20/20, 76% of pts re-
ceived antiviral treatment, including oselta-
mivir (75 mg orally every 12 hours). At the 
time of evaluation, 58% of patients re-
mained hospitalized, 31% had been dis-
charged, and 11% had died. 1 
  
In a retrospective case series of 79 adults 
with COVID-19 who were negative for influ-
enza A and B, early use of oseltamivir had 
no effect on COVID-19 and did not effec-
tively slow the progression of the disease. 6 
  
In a retrospective cohort study of 1190 
adults with COVID-19 at a single center in 
Wuhan from 12/29/19 to 2/28/20, 61.6% 
of pts received antiviral therapy (e.g., osel-
tamivir, ganciclovir, lopinavir/ritonavir, 
interferon, umifenovir). A survival analysis 
indicated that administration of oseltamivir 
appeared to have reduced the risk of death 
in pts with severe disease and seemed to 
have been associated with less deteriora-
tion (i.e., progression from nonsevere to 
severe disease or severe disease to death). 
7  Note: Limitations of this study include 
missing laboratory data because of retro-
spective data extraction, lack of infor-
mation on possible mixed viral infections, 
and inability to analyze possible reasons for 
mortality benefit. 
  
Oseltamivir may be included in some 
COVID-19 clinical trials registered at clini-
caltrials.gov. 5 
  

Dosage of oseltamivir in the case 
series of 99 COVID-19 patients was 
75 mg orally every 12 hours. 1 
  
Dosages of oseltamivir from regis-
tered COVID-19 trials have included 
75 mg orally twice daily or 300 mg 
(or 4-6 mg/kg) orally daily. 5 

Although oseltamivir was suggested as a 
potential treatment and included in 
various antiviral regimens used during 
the early stages of the COVID-19 pan-
demic, 1, 5, 6, 7, 11 the drug does not ap-
pear to have in vitro activity against 
SARS-CoV-2 and there are no data to 
support the use of oseltamivir or other 
neuraminidase inhibitors in the treat-
ment of COVID-19. 
  
NIH COVID-19 Treatment Guidelines 
Panel states that, when SARS-CoV-2 and 
influenza are cocirculating, testing for 
both viruses is recommended in all hos-
pitalized pts with acute respiratory ill-
ness and also recommended in outpa-
tients with acute respiratory illness if 
results will change clinical management 
of the pt. Testing is the only way to 
distinguish between influenza and SARS-
CoV-2 and identify coinfection. Treat-
ment of influenza is the same in all pts 
regardless of SARS-CoV-2 coinfection. If 
SARS-CoV-2 and influenza are cocircu-
lating, the panel recommends that hos-
pitalized pts suspected of having one or 
both viral infections should receive osel-
tamivir for empiric influenza treatment 
as soon as possible without waiting for 
influenza testing results; empiric influ-
enza treatment can be de-escalated 
based on results of testing and intuba-
tion status. Significant drug interactions 
not expected with oseltamivir and 
remdesivir. 8 
  
CDC states that, when SARS-CoV-2 and 
influenza are cocirculating, priority 
groups for influenza antiviral treatment 
include pts who are hospitalized with 
respiratory illness; outpatients with 
severe, complicated, or progressive 
respiratory illness; and outpatients at 
higher risk for influenza complications 
presenting with any symptoms of acute 
respiratory illness (with or without fe-
ver). CDC recommends oseltamivir for 
treatment of hospitalized pts with sus-
pected or confirmed influenza and 
states that oseltamivir, zanamivir, or 
peramivir may be used for the treat-
ment of influenza in outpatients, taking 
into account the severity and progres-
sion of illness and the presence of com-
plications 10 

https://www.ashp.org/COVID-19
https://creativecommons.org/licenses/by-nc/4.0/


Updated 04-30-2021. The current version of this document can be found on the ASHP COVID-19 Resource Center. 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International 

Page 32 

Copyright © 2021, American Society of Health-System Pharmacists, Inc. All rights reserved. 

Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments 

Remdesivir 
(Veklury®) 
  
Updated 
4/30/21 

8:18.32 
Antiviral 

Nucleotide analog prodrug; 
RNA polymerase inhibitor 
46 
  
Broad-spectrum antiviral 
with activity against vari-
ous viruses, including coro-
naviruses 24 
  
In vitro evidence of activity 
against SARS-CoV-2 in Vero 
E6 cells; 1, 18 antiviral activi-
ty against SARS-CoV-2 in 
human airway epithelial 
(HAE) cells 46 
  
In Rhesus macaques infect-
ed with SARS-CoV-2, treat-
ment with a 6-day regimen 
of IV remdesivir initiated 
12 hours after virus inocu-
lation was associated with 
some benefits (lower dis-
ease severity scores, fewer 
pulmonary infiltrates, low-
er virus titers in bron-
choalveolar lavage sam-
ples) compared with vehi-
cle control; remdesivir 
treatment did not reduce 
viral loads or infectious 
virus titers in  nose, throat, 
or rectal swabs compared 
with vehicle control 19 
  
In vitro activity against 
SARS-CoV and MERS-CoV; 
active in animal models of 
SARS and MERS; prevented 
MERS in Rhesus macaques 
when given before infec-
tion and provided benefits 
when given after animal 
already infected 1-8 
  
Pharmacokinetic data 
available from studies in 
healthy adults 46 
  

Randomized, double-blind, placebo-
controlled trial in hospitalized adults with 
severe COVID-19 in China (NCT04257656; 
Wang et al): Pts were randomized 2:1 to 
receive remdesivir (200 mg IV on day 1, 
then 100 mg IV once daily on days 2-10) or 
placebo initiated within 12 days of symp-
tom onset. Primary outcome was time to 
clinical improvement within 28 days after 
randomization or hospital discharge, which-
ever came first. ITT population included 
158 pts treated with remdesivir and 78 pts 
treated with placebo; 32% of pts also re-
ceived interferon α-2b, 28% also received 
LPV/RTV, and 66% also received cortico-
steroids during hospitalization. Median 
time to clinical improvement was not sig-
nificantly different in remdesivir group (21 
days) vs placebo group (23 days); 28-day 
mortality rate was similar in both groups 
(14 vs 13%). When remdesivir was initiat-
ed within 10 days of symptom onset, medi-
an time to clinical improvement was nu-
merically shorter (but not statistically sig-
nificant) compared with placebo group (18 
vs 23 days). Duration of invasive mechani-
cal ventilation was numerically shorter (but 
not statistically significant) in remdesivir 
group; only a small percentage of pts 
(0.4%) were on invasive mechanical ventila-
tion at time of enrollment. Remdesivir did 
not result in significant reduction in SARS-
CoV-2 viral load in nasopharyngeal, oropha-
ryngeal, and sputum samples. Remdesivir 
was discontinued in 18 pts (12%) because 
of adverse effects.  Note: Enrollment was 
terminated before the pre-specified num-
ber of pts was attained (lack of available 
pts); trial was insufficiently powered to 
detect assumed differences in clinical out-
come. 21 
  
Phase 3 randomized, open-label trial in 
hospitalized pts with severe COVID-19 
(NCT04292899; GS-US-540-5773; SIMPLE-
Severe)  sponsored by the manufacturer 
(Gilead): Initial study protocol was designed 
to evaluate safety and antiviral activity of 5- 
and 10-day regimens of remdesivir (200 mg 
IV on day 1, followed by 100 mg IV once 
daily for total of 5 or 10 days) in conjunc-
tion with standard of care in adults with 
severe COVID-19 not receiving mechanical 
ventilation at study entry; 10 protocol was  

Remdesivir dosage for FDA-labeled 
indication for treatment of COVID-
19 in adults and pediatric patients 
≥12 years of age weighing at least 
40 kg (lyophilized powder formula-
tion or solution concentrate formu-
lation): Loading dose of 200 mg by 
IV infusion on day 1, followed by 
maintenance doses of 100 mg by IV 
infusion once daily from day 2. For 
pts not requiring invasive mechanical 
ventilation and/or ECMO, recom-
mended total treatment duration is 5 
days; if pt does not demonstrate 
clinical improvement, treatment may 
be extended for up to 5 additional 
days (i.e., up to a total treatment 
duration of 10 days). For those re-
quiring invasive mechanical ventila-
tion and/or ECMO, recommended 
total treatment duration is 10 days.46 
  
Emergency use authorization (EUA) 
remdesivir dosage for treatment of 
COVID-19 in pediatric patients 
weighing 3.5 to <40 kg (lyophilized 
powder formulation only): Loading 
dose of 5 mg/kg by IV infusion on day 
1, followed by maintenance doses of 
2.5 mg/kg by IV infusion once daily 
from day 2. For pts not requiring 
invasive mechanical ventilation and/
or ECMO, recommended total treat-
ment duration is 5 days; if pt does 
not demonstrate clinical improve-
ment, treatment may be extended 
for up to 5 additional days (i.e., up to 
a total treatment duration of 10 
days). For those requiring invasive 
mechanical ventilation and/or ECMO, 
recommended total treatment dura-
tion is 10 days.  26 
  
Emergency use authorization (EUA) 
remdesivir dosage for treatment of 
COVID-19 in pediatric patients <12 
years of age weighing ≥40 kg 
(lyophilized powder formulation 
only): Loading dose of 200 mg by IV 
infusion on day 1, followed by 
maintenance doses of 100 mg by IV 
infusion once daily from day 2. For 
pts not requiring invasive mechanical  

The only direct-acting antiviral (DAA) 
currently approved by FDA for treat-
ment of COVID-19 in certain popula-
tions. 
  
Received FDA approval on October 22, 
2020 for treatment of COVID-19 in 
adults and pediatric patients ≥12 years 
of age weighing at least 40 kg who are 
hospitalized or in a healthcare setting 
capable of providing acute care compa-
rable to inpatient hospital care. 46  FDA 
states that such alternative care sites 
may include temporary facilities intend-
ed to provide additional hospital surge 
capacity/capabilities for communities 
overwhelmed by patients with COVID-
19 and at-home care provided by hospi-
tals that have received CMS waiver 
approval as part of CMS’s Acute Hospi-
tal Care at Home (AHCaH) program. The 
drug may be used for the FDA-labeled 
indication to treat patients admitted 
directly to an alternative care site and, if 
clinically indicated, to complete the 
course of treatment in patients trans-
ferred to an alternative care site. 48 
  
Available under an emergency use 
authorization (EUA) for treatment of 
suspected or laboratory-confirmed 
COVID-19 in pediatric patients weigh-
ing 3.5 to <40 kg and pediatric patients 
<12 years of age weighing at least 3.5 
kg who are hospitalized or in a 
healthcare setting capable of providing 
acute care comparable to inpatient 
hospital care. 39 
  
Emergency use authorization (EUA) for 
remdesivir: The original EUA issued by 
FDA on May 1, 2020 permitted use of 
remdesivir for treatment of COVID-19 in 
hospitalized adults and children with 
suspected or laboratory-confirmed 
COVID-19 and severe disease (defined 
as oxygen saturation [SpO2] ≤94% on 
room air or requiring supplemental 
oxygen, mechanical ventilation, or 
ECMO); 25 on August 28, 2020, FDA 
broadened the EUA to allow use of the 
drug in hospitalized patients irrespec-
tive of disease severity. 38  In response  
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   subsequently modified to include pts 12 
years of age or older, add an extension 
phase, and include a cohort of pts receiving 
mechanical ventilation. 10, 23 Data for the 
initial 397 pts not requiring mechanical 
ventilation at study entry (200 received a 5
-day regimen and 197 received a 10-day 
regimen) indicate similar clinical improve-
ment with both treatment durations after 
adjusting for baseline clinical status. Pt 
demographics and clinical characteristics at 
baseline generally were similar in both 
groups, although the 10-day group included 
a higher percentage of pts in the most se-
vere disease categories and a higher pro-
portion of men (who are known to have 
worse COVID-19 outcomes than women); 
median duration of symptoms before first 
dose of remdesivir was similar in both 
groups (8 or 9 days). At day 14, 129/200 pts 
(65%) in the 5-day group and 106/197 pts 
(54%) in the 10-day group achieved clinical 
improvement (defined as an improvement 
of at least 2 points from baseline on a 7-
point ordinal scale). After adjusting for 
baseline imbalances in disease severity, 
data indicate that clinical status at day 14, 
time to clinical improvement, recovery, and 
death (from any cause) were similar in both 
groups. Although eligibility criteria accord-
ing to the initial study protocol excluded 
pts receiving invasive mechanical ventila-
tion, 4 pts in the 5-day group and 9 pts in 
the 10-day group were receiving invasive 
mechanical ventilation or ECMO (need 
identified after initial screening and before 
treatment initiation or pts were accepted 
as protocol deviations). There also were 
more pts in the 10-day group (30%) who 
required high-flow oxygen support at base-
line compared with the 5-day group (24%). 
Post-hoc analysis among pts receiving me-
chanical ventilation or ECMO at day 5 indi-
cate that, by day 14,  40% of such individu-
als who had received the 5-day regimen 
had died compared with 17% of those who 
had received the 10-day regimen. Treat-
ment with remdesivir beyond 5 days did 
not appear to improve outcomes among 
pts who were receiving noninvasive posi-
tive-pressure ventilation or high-flow oxy-
gen, low-flow oxygen, or breathing ambient 
air. Note: Results for the initial 397 study 
pts with severe COVID-19 not requiring  

ventilation and/or ECMO, recom-
mended total treatment duration is 5 
days; if pt does not demonstrate 
clinical improvement, treatment may 
be extended for up to 5 additional 
days (i.e., up to a total treatment 
duration of 10 days). For those re-
quiring invasive mechanical ventila-
tion and/or ECMO, recommended 
total treatment duration is 10 days.26 
  
NIH COVID-19 Treatment Guidelines 
Panel-recommended duration of 
remdesivir treatment: The NIH pan-
el recommends that hospitalized pts 
who require supplemental oxygen 
but do not require high-flow oxygen, 
noninvasive ventilation, mechanical 
ventilation, or ECMO, should receive 
remdesivir for a duration of 5 days or 
until hospital discharge, whichever 
comes first. If such pts progress to 
requiring high-flow oxygen, noninva-
sive ventilation, mechanical ventila-
tion, or ECMO during such treat-
ment, the panel recommends that 
the remdesivir course be completed. 
The panel states that there are in-
sufficient data on the optimal dura-
tion of remdesivir treatment for pts 
who have not shown clinical im-
provement after a 5-day regimen; 
some experts would extend the total 
duration of remdesivir treatment to 
up to 10 days in these patients. 20 
  

to FDA approval of remdesivir for use in 
adults and pediatric patients ≥12 years 
of age weighing at least 40 kg, the EUA 
was reissued on October 22, 2020 to 
allow continued authorization of the 
drug (lyophilized powder formulation 
only) for emergency use in pediatric 
patients weighing 3.5 to <40 kg and 
pediatric patients <12 years of age 
weighing at least 3.5 kg with suspected 
or laboratory-confirmed COVID-19. 39 
  
The EUA for remdesivir requires that 
the drug be administered by a 
healthcare provider in an inpatient hos-
pital setting (or alternative care site 
capable of providing acute care compa-
rable to general inpatient hospital care) 
via IV infusion at dosages recommended 
in the EUA. 26, 39  The EUA also requires 
that healthcare facilities and healthcare 
providers administering remdesivir 
comply with certain mandatory record 
keeping and reporting requirements 
(including adverse event reporting to 
FDA MedWatch). 26, 39 Although distribu-
tion of remdesivir under the EUA was 
previously directed by the HHS Office of 
the Assistant Secretary for Prepared-
ness and Response (ASPR) in collabora-
tion with state health departments, 25, 38 
the EUA now designates the manufac-
turer (Gilead) and its authorized distrib-
utor(s) as the parties responsible for 
distribution of the drug. 39 For addition-
al information about the remdesivir 
EUA, consult the EUA letter of authori-
zation, 39  EUA fact sheet for healthcare 
providers, 26 and EUA fact sheet for 
parents and caregivers. 27 
  
Healthcare providers should contact 
Gilead’s sole US distributor 
(AmerisourceBergen at 800-746-6273) 
to purchase remdesivir for age-
appropriate use under the FDA-
approved indication (lyophilized powder 
formulation or solution concentrate 
formulation) or the EUA (lyophilized 
powder formulation only). 47 
  
Concerns regarding variations in 
remdesivir packaging: The manufactur-
er is alerting healthcare providers that  
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   mechanical ventilation at study entry can-
not be extrapolated to critically ill pts re-
ceiving mechanical ventilation. 23 
  
Comparative analysis of data from phase 3 
SIMPLE-Severe trial and real-world retro-
spective cohort of patients: The manufac-
turer announced results of an analysis that 
compared data for 312 hospitalized pts 
with severe COVID-19 who received 
remdesivir in this randomized, open-label 
trial with a retrospective cohort of 818 pts 
with similar baseline characteristics and 
disease severity who received standard of 
care treatment (without remdesivir) during 
the same time period. More than 90% of 
pts in both groups were enrolled at North 
American trial sites and the rest were en-
rolled at European or Asian trial sites. Clini-
cal recovery (improvement in clinical status 
based on a 7-point ordinal scale) and mor-
tality rate for these 2 groups were com-
pared. By day 14, recovery was reported in 
74.4% of pts treated with remdesivir and 
59% of pts in the retrospective cohort 
treated with standard of care and the mor-
tality rate was 7.6 and 12.5%, respectively. 

34 
 
Subgroup analyses of data from Phase 3 
SIMPLE-Severe trial: The manufacturer 
announced results of subgroup analyses of 
229 hospitalized pts with severe COVID-19 
who received remdesivir in this random-
ized, open-label trial and were enrolled at 
US trial sites. Clinical improvement was 
defined as a 2-point or greater improve-
ment on a 7-point ordinal scale. At day 14, 
the rate of clinical improvement was 84% in 
black pts (n=43), 76% in Hispanic white pts 
(n=17), 67% in Asian pts (n=18), 67% in non
-Hispanic white pts (n=119), and 63% in pts 
who did not identify with any of these 
groups (n=32). An analysis of 397 pts who 
were enrolled globally indicated that black 
race, age less than 65 years, treatment 
outside of Italy, and requirement of only 
low-flow oxygen support or room air at 
baseline were factors significantly associat-
ed with clinical improvement of at least 2 
points on day 14.  Another subgroup analy-
sis was performed to evaluate outcomes in 
pts who received concomitant therapy with  

 there are variations in remdesivir pack-
aging and labeling (e.g., use of the 
tradename Veklury®, expiration dates) 
depending on whether the drug was 
originally manufactured for use under 
the EUA or for commercial use. 49 FDA 
states that, if patient safety can be as-
sured, they do not intend to object to 
remdesivir supplies that have labels 
specifying “for use under Emergency 
Use Authorization” being distributed for 
appropriate use under the FDA-labeled 
indication during the first six months 
after the drug received this approval. 48 

Questions related to carton or vial label-
ing or expiration dates should be di-
rected to Gilead at 866-633-4474 or 
www.askgileadmedical.com. 49 
  
The NIH COVID-19 Treatment Guide-
lines Panel issued the following recom-
mendations for use of remdesivir (with 
or without dexamethasone) for the 
management of COVID-19 based on 
disease severity: 
  
1) Hospitalized with moderate COVID-
19 not requiring supplemental oxygen: 
The panel states that data are insuffi-
cient to recommend either for or 
against routine use of remdesivir. For 
pts at high risk of disease progression, 
use of remdesivir may be appropriate. 20 
  
2) Hospitalized requiring supplemental 
oxygen but not requiring high-flow 
oxygen, noninvasive ventilation, inva-
sive mechanical ventilation, or ECMO: 
The panel recommends remdesivir (e.g., 
for pts requiring minimal supplemental 
oxygen) or remdesivir plus dexame-
thasone (e.g., for pts requiring increas-
ing amounts of supplemental oxygen) or 
dexamethasone alone (e.g., when com-
bination therapy with remdesivir is una-
vailable or cannot be used). In rare cir-
cumstances when corticosteroids can-
not be used, the panel states that 
remdesivir plus baricitinib can be used 
instead of remdesivir plus dexame-
thasone (see Baricitinib in this Evidence 
Table). The panel recommends against 
use of remdesivir plus dexamethasone 
plus baricitinib, except in a clinical trial. 
20 
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   remdesivir and hydroxychloroquine vs 
those who received only remdesivir. At a 
median follow-up of 14 days, the rates and 
likelihood of recovery were lower in those 
treated with both drugs (57%) compared 
with those treated with remdesivir alone 
(69%). Although concomitant hydroxychlo-
roquine was not associated with increased 
mortality at 14 days, the overall rate of 
adverse effects was higher and, after ad-
justing for baseline variables, the incidence 
of grade 3-4 adverse events was significant-
ly higher in those treated with both drugs.34 
  
Phase 3 randomized, open-label trial in 
hospitalized pts with moderate COVID-19 
(NCT04292730; GS-US-540-5774; SIMPLE-
Moderate) sponsored by the manufactur-
er (Gilead): Initial study protocol was de-
signed to evaluate safety and antiviral ac-
tivity of 5- and 10-day regimens of 
remdesivir (200 mg IV on day 1, followed 
by 100 mg IV once daily for total of 5 or 10 
days) in conjunction with standard of care 
compared with standard care alone in 
adults with moderate COVID-19 (i.e., hospi-
talized with evidence of pulmonary infil-
trates and SpO2 >94% on room air); proto-
col was subsequently modified to change 
the primary end point to clinical status on 
day 11 based on a 7-point ordinal scale, 
include pts 12 years of age or older, and 
add an extension phase to include addition-
al pts. 11, 30 Data for the initial group of 
adults who received a 5-day regimen of 
remdesivir with standard care (n=191), 10-
day regimen of the drug with standard care 
(n=193), or standard care alone (n=200) 
have been published. At day 11, 70, 65, or 
61% of pts in the 5-day, 10-day, or standard 
of care alone group, respectively, had clini-
cal improvement based on at least a 2-
point improvement from baseline on a 7-
point ordinal scale. Pts in the 5-day 
remdesivir group had statistically signifi-
cant higher odds of a better clinical status 
distribution on the 7-point scale on day 11 
than those receiving standard care (odds 
ratio: 1.65) but the difference was of uncer-
tain clinical importance; the difference in 
clinical status distribution between pts in 
the 10-day remdesivir group and the stand-
ard care group was not statistically signifi-
cant. At day 11, 4 deaths were reported in  

 3) Hospitalized requiring high-flow 
oxygen or noninvasive ventilation: The 
panel recommends dexamethasone 
alone or dexamethasone plus 
remdesivir. The panel recommends 
against use of remdesivir alone. In rare 
circumstances when corticosteroids 
cannot be used, the panel states that 
baricitinib plus remdesivir can be used 
(see Baricitinib in this Evidence Table). 
The panel recommends against use of 
remdesivir plus dexamethasone plus 
baricitinib, except in a clinical trial. 20 
  
4) Hospitalized requiring invasive me-
chanical ventilation or ECMO: The pan-
el recommends dexamethasone. Dexa-
methasone plus remdesivir may be con-
sidered for pts who were recently intu-
bated. The panel recommends against 
use of remdesivir alone. 20 
  
5) Not hospitalized, mild to moderate 
disease: The panel states that data are 
insufficient to recommend either for or 
against any specific antiviral or antibody 
therapy. The panel states that dexame-
thasone should not be used. 20 (See 
Corticosteroids [Systemic] in this Evi-
dence Table.) 
  
Although safety and efficacy of com-
bined use of remdesivir with dexame-
thasone or other corticosteroids have 
not been specifically studied in clinical 
trials to date, the NIH panel states that 
there are theoretical reasons that such 
combined therapy may be beneficial in 
some pts with severe COVID-19. Con-
comitant use of remdesivir with dexa-
methasone is expected to result in mini-
mal or no reduction in remdesivir expo-
sure. 20  
  
** IDSA issued the following recom-
mendations for use of remdesivir in 
hospitalized pts: 
  
** 1) Hospitalized with SpO2 >94% on 
room air without need for supple-
mental oxygen: IDSA suggests against 
routine use of remdesivir. Additional 
study needed to assess benefits and 
harms of remdesivir in pts with moder-
ate COVID-19. 52 

https://www.ashp.org/COVID-19
https://creativecommons.org/licenses/by-nc/4.0/


Updated 04-30-2021. The current version of this document can be found on the ASHP COVID-19 Resource Center. 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International 

Page 36 

Copyright © 2021, American Society of Health-System Pharmacists, Inc. All rights reserved. 

Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments 

   the standard care alone group compared 
with none in the 5-day group and 2 in the 
10-day group. There were no significant 
differences between the 5- or 10-day 
remdesivir groups and standard care group 
for any of the exploratory end points at day 
11 (time to 2-point or greater improvement 
in clinical status, time to 1-point or greater 
improvement in clinical status, time to 
recovery, time to modified recovery, time 
to discontinuation of oxygen support). At 
day 14, the clinical status of pts in the 5-day 
and 10-day remdesivir groups was signifi-
cantly different than that of the standard 
care group. Note: Effect of remdesivir on 
SARS-CoV-2 viral load was not assessed. 
Limitations of this study include the open-
label design and use of an ordinal scale to 
evaluate outcomes that was not ideal for 
detecting differences in pts with moderate 
COVID-19. 30 
  
Phase 3 adaptive, randomized, double-
blind, placebo-controlled trial 
(NCT04280705; NIAID Adaptive COVID-19 
Treatment Trial 1 [ACTT-1]) in hospitalized 
adults with COVID-19: Pts were random-
ized 1:1 to receive remdesivir (200 mg IV 
on day 1, then 100 mg IV once daily on 
days 2-10 or until hospital discharge or 
death) or placebo. All pts received sup-
portive care according to the standard of 
care for the trial site hospital. The primary 
outcome was time to recovery, defined as 
the first day within 28 days after enroll-
ment when clinical status met criteria for 
category 1, 2, or 3 on an 8-category ordinal 
scale (i.e., discharged from hospital with or 
without limitations on activities or require-
ment for home oxygen, or hospitalized but 
not requiring supplemental oxygen and no 
longer requiring ongoing medical care). A 
total of 1062 pts were randomized with 
541 assigned to remdesivir and 521 as-
signed to placebo (intention-to-treat popu-
lation). Baseline demographics and clinical 
characteristics (e.g., age, disease severity, 
comorbidities at study enrollment, time to 
initiation of treatment after symptom on-
set) were similar in both groups. A total of 
957 pts (90.1%) had severe disease (i.e., 
required mechanical ventilation, required 
supplemental oxygen, had SpO2 ≤94% on  

 ** 2) Hospitalized with severe COVID-
19 (i.e., SpO2  ≤94% on room air and 
requiring supplemental oxygen, me-
chanical ventilation, or ECMO): IDSA 
suggests use of remdesivir over no anti-
viral treatment. Based on available data, 
these experts recommend remdesivir 
be prioritized for those with severe, but 
not critical, COVID-19. IDSA also sug-
gests use of dexamethasone in pts with 
severe, but noncritical, COVID-19 and 
recommends use of dexamethasone in 
critically ill pts (see Corticosteroids 
[Systemic] in this Evidence Table). If 
corticosteroids cannot be used with 
remdesivir, these experts suggest use of 
baricitinib with remdesivir rather than 
remdesivir alone (see Baricitinib in this 
Evidence Table). IDSA states that a 10-
day remdesivir regimen may be desira-
ble in those on mechanical ventilation, 
but a 5-day regimen is suggested in 
those on supplemental oxygen but not 
on mechanical ventilation. 52 
  
Pregnant women: The NIH panel states 
that remdesivir should not be withheld 
from pregnant women if it is otherwise 
indicated. 20 The manufacturer states 
that available data from published case 
reports and compassionate use of 
remdesivir are insufficient to evaluate 
for a drug-associated risk of major birth 
defects, miscarriage, or adverse mater-
nal or fetal outcomes. 46 
  
Concomitant use of remdesivir and 
chloroquine or hydroxychloroquine is 
not recommended; 20, 26, 33, 46 FDA warns 
that there is in vitro evidence that chlo-
roquine antagonizes intracellular meta-
bolic activation and antiviral activity of 
remdesivir. 26 
 
Remdesivir clinical drug interaction 
studies have not been performed to 
date. In vitro studies indicate remdesivir 
is a substrate for cytochrome P-450 
(CYP) isoenzyme 3A4, organic anion 
transporting polypeptide (OATP) 1B1, 
and P-glycoprotein (P-gp), and is an 
inhibitor of CYP3A4, OATP1B1, 
OATP1B3, and multidrug and toxin ex-
trusion transporter (MATE) 1.  
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   room air, or had tachypnea with respiratory 
rate ≥24 breaths/minute) at study enroll-
ment, and the median time from symptom 
onset to randomization was 9 days (range: 
6-12 days). Final trial data indicated shorter 
median time to recovery in the remdesivir 
group (10 days) vs the placebo group (15 
days); recovery rate ratio 1.29.  Those who 
received remdesivir were more likely to 
have clinical improvement at day 15 than 
those who received placebo (odds ratio 
1.5). Kaplan-Meier estimates of mortality 
by day 15 were 6.7% in the remdesivir 
group vs 11.9% in the placebo group 
(hazard ratio 0.55); by day 29, mortality 
was 11.4 and 15.2%, respectively (hazard 
ratio 0.73). Posthoc analysis of efficacy 
based on disease severity at enrollment 
suggested that benefits of remdesivir were 
most apparent in hospitalized pts receiving 
low-flow oxygen (recovery rate ratio 1.45); 
the recovery rate ratio in the subgroup of 
pts on mechanical ventilation or ECMO at 
enrollment was 0.98. 42 There was no ob-
served benefit of remdesivir compared 
with placebo in the subgroup with mild to 
moderate disease (defined as SpO2 >94% 
on room air or a respiratory rate <24 beats/
minute without supplemental oxygen) at 
enrollment; however, the number of pts in 
this subgroup was relatively small. Alt-
hough there was no observed difference in 
time to recovery in subgroups requiring 
high-flow oxygen, noninvasive ventilation, 
mechanical ventilation, or ECMO at enroll-
ment, the trial was not powered to detect 
differences in outcomes within subgroups 
and there is uncertainty about the effects 
of remdesivir on the course of COVID-19 in 
patients who are mechanically ventilated or 
on ECMO. 20 
  
Large, multinational, open-label, random-
ized, adaptive trial launched by the World 
Health Organization (WHO) to evaluate 
effects of 4 different treatments compared 
with local standard of care in adults hospi-
talized with COVID-19 and not previously 
treated with any of the study drugs 
(NCT04315948; SOLIDARITY): The protocol
-specified primary outcome was in-hospital 
mortality; protocol-specified secondary 
outcomes were initiation of ventilation and  

 The clinical relevance of these in vitro 
assessments has not been established.  
46 
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   duration of hospitalization. 44, 53 From 
March 22 to October 4, 2020, 2750 pts 
were randomized to receive remdesivir 
(200 mg on day 1, then 100 mg on days 2-
10) with local standard of care and 2725 
pts were randomized to remdesivir control 
(i.e., local standard of care only). Clinical 
characteristics at baseline were well bal-
anced between groups. Data analysis for 
the intention-to-treat (ITT) population 
(2743 pts in remdesivir group and 2708 pts 
in standard of care group) indicated that 
remdesivir did not reduce in-hospital mor-
tality (either overall or in any subgroup 
defined by age or ventilation status at 
study entry) and did not reduce the need 
for initiation of ventilation or the duration 
of hospitalization. The log-rank death rate 
ratio for remdesivir in the ITT population 
was 0.95; 301/2743 pts treated with 
remdesivir (12.5%) and 303/2708 pts treat-
ed with standard of care (12.7%) died. Ven-
tilation was initiated after randomization in 
295 pts in the remdesivir group and 284 pts 
in the standard of care group. 44 
  
Data from the manufacturer’s compas-
sionate use program  (adults): Preliminary 
data are available for a cohort of 53 adults 
from multiple sites in the US, Italy, Japan, 
and other countries who were hospitalized 
with severe COVID-19 and received treat-
ment with remdesivir; 40 pts received the 
full 10-day regimen (200 mg IV on day 1, 
then 100 mg IV on days 2-10), 10 pts re-
ceived 5-9 days and 3 pts received less than 
5 days of treatment with the drug. At base-
line, 30 pts (57%) were receiving mechani-
cal ventilation and 4 (18%) were receiving 
extracorporeal membrane oxygenation 
(ECMO). Over a median follow-up of 18 
days after first dose, 36 pts (68%) showed 
clinical improvement based on oxygen-
support status and 8 pts (15%) worsened. 
There were 7 deaths (13%), including 6 pts 
receiving invasive ventilation. Adverse 
effects (e.g., increased hepatic enzymes, 
diarrhea, rash, renal impairment, hypoten-
sion) were reported in 32 pts (60%); 12 pts 
(23%) had serious adverse effects (e.g., 
multiple organ dysfunction syndrome, sep-
tic shock, acute kidney injury, hypoten-
sion); 4 pts (8%) discontinued the drug  
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   because of adverse effects. 16 Note: Data 
presented for this small cohort of pts offers 
only limited information regarding efficacy 
and safety of remdesivir for treatment of 
COVID-19. There was no control group and, 
although supportive therapy could be pro-
vided at the discretion of the clinician, it is 
unclear whether pts at any of the various 
study sites also received other therapeutic 
agents being used for treatment of COVID-
19. In addition, data were not presented 
regarding the effects of remdesivir on viral 
load. 
  
Data from the manufacturer’s compas-
sionate use program (pediatric pts): The 
manufacturer announced that preliminary 
data are available for 77 pediatric pts treat-
ed with remdesivir in the compassionate 
use program. Analysis of day-28 data indi-
cated that 73% of these pediatric pts were 
discharged from the hospital, 12% re-
mained hospitalized but on ambient air, 
and 4% had died. There were 39 critically ill 
pediatric pts who required invasive me-
chanical ventilation at baseline and 80% of 
these pts recovered; there were 38 pediat-
ric pts who did not require invasive ventila-
tion and 87% of these pts recovered. No 
new safety signals were identified for 
remdesivir in this population. 34 
  
Data from the manufacturer’s compas-
sionate use program (pregnant and post-
partum women): The manufacturer an-
nounced that preliminary data are available 
for 86 pregnant and postpartum women 
treated with remdesivir in the compassion-
ate use program. Analysis of data for these 
pts (median age 33 years) indicated that 
96% of the pregnant women and 89% of 
the postpartum women achieved improve-
ment in oxygen support levels. Those with 
more severe illness at baseline achieved 
similarly high rates of clinical recovery (93 
or 89% in those who were pregnant or 
postpartum, respectively). Pregnant wom-
en not on invasive oxygen support at base-
line had the shortest median time to recov-
ery (5 days), and both pregnant and post-
partum women on invasive ventilation at 
baseline had similar median times to recov-
ery (13 days).  No new safety signals were 
identified for remdesivir in this population;  
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   the most common adverse events were 
due to underlying disease and most labora-
tory abnormalities were 
grades 1–2. 34 
  
Phase 2/3 single-arm, open-label trial in 
pediatric patients (NCT04431453; CARA-
VAN): The manufacturer (Gilead) initiated 
a trial to evaluate safety, tolerability, phar-
macokinetics, and efficacy of remdesivir in 
pediatric pts (birth to <18 years of age) 
with laboratory-confirmed COVID-19. 35 
  
Phase 3 adaptive, randomized, double-
blind trial compared a regimen of 
remdesivir alone vs a regimen of 
remdesivir with baricitinib in hospitalized 
adults (NCT04401579; ACTT-2): Pts were 
randomized 1:1 to receive remdesivir (200 
mg IV on day 1, then 100 mg IV once daily 
for a total treatment duration of 10 days or 
until hospital discharge) with either bari-
citinib (4 mg once daily orally or through a 
nasogastric tube for 14 days or until hospi-
tal discharge) or 14-day regimen of oral 
placebo. The primary end point was time to 
recovery through day 29 (defined as dis-
charged without limitations on activities, 
discharged with limitations on activities 
and/or requiring home oxygen, or still hos-
pitalized but not requiring supplemental 
oxygen and no longer requiring ongoing 
medical care). Data for the 1033 pts in the 
intention-to-treat (ITT) population (515 in 
the remdesivir and baricitinib group and 
518 in the remdesivir alone group) indicate 
that those who received the combined 
regimen were more likely to have better 
clinical outcomes than those who received 
remdesivir alone. 29, 51   Based on results of 
this trial and other data, FDA issued an 
emergency use authorization (EUA) for 
baricitinib to permit use of the drug in com-
bination with remdesivir for treatment of 
suspected or laboratory-confirmed COVID-
19 in hospitalized adults and pediatric pts 
≥2 years of age. 51 (See Baricitinib in this 
Evidence Table.) 
  
Phase 3 adaptive, randomized, double-
blind trial to compare a regimen of 
remdesivir alone vs a regimen of 
remdesivir with interferon beta-1a  
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   (NCT04492475; ACTT-3): This iteration of 
NIAID’s Adaptive COVID-19 Treatment Trial 
(ACTT) is evaluating possible benefits of 
using interferon beta-1a in conjunction 
with remdesivir in hospitalized adults with 
laboratory-confirmed SARS-CoV-2 infec-
tion. 36, 37 Inclusion criteria include evidence 
of lung involvement (radiographic infil-
trates, SpO2 of 94% or lower on room air, 
or requiring supplemental oxygen or me-
chanical ventilation); exclusion criteria 
include need for ECMO, prior treatment 
with ≥3 doses of remdesivir, treatment 
with any interferon preparation within the 
previous 2 weeks, prior treatment with 
convalescent plasma or IGIV or various 
other drugs used for management of 
COVID-19. Pts will be randomized 1:1 to 
receive remdesivir (200 mg IV on day 1, 
then 100 mg IV once daily for the duration 
of hospitalization up to 10 days total) with 
either sub-Q interferon beta-1a (44 mcg 
once daily on days 1, 3, 5, and 7 during 
hospitalization for a total of 4 doses) or 
placebo. 36, 37 
  
Randomized, double-blind trial to com-
pare a regimen of remdesivir alone vs a 
regimen of remdesivir with tocilizumab 
(NCT04409262; REMDACTA): This trial is 
evaluating possible benefits of using tocili-
zumab (an interleukin-6 [IL-6] inhibitor) in 
conjunction with remdesivir in hospitalized 
patients 12 years of age or older with se-
vere COVID-19 pneumonia. Pts will be ran-
domized to receive remdesivir (IV loading 
dose on day 1, then once-daily IV mainte-
nance doses on days 2-10) with either tocil-
izumab (single IV infusion on day 1) or pla-
cebo. 32 
  
Phase 3 randomized, double-blind, place-
bo-controlled, adaptive trial sponsored by 
NIAID to evaluate safety, tolerability, and 
efficacy of a regimen of remdesivir vs a 
regimen of remdesivir with investigational 
SARS-CoV-2 immune globulin (anti-SARS-
CoV-2 hyperimmune globulin intravenous 
[hIGIV]) in hospitalized adults 
(NCT04546581; ITAC): Pts with document-
ed COVID-19 and duration of symptoms 
≤12 days will be randomized to receive 
remdesivir (200 mg IV on day 1, then 100  
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   mg IV once daily during hospitalization for 
up to 10 days total) with either placebo or 
investigational anti-SARS-CoV-2 hIGIV 
(single IV dose of 400 mg/kg). 45, 50 (See 
Immune Globulin in this Evidence Table.) 
  
Phase 3 randomized, double-blind, place-
bo-controlled trial to evaluate efficacy and 
safety of remdesivir for treatment of 
COVID-19 in outpatients (NCT 04501952): 
Manufacturer (Gilead) initiated a study to 
evaluate a 3-day regimen of IV remdesivir 
in adults and pediatric pts ≥12 years of age 
with early-stage COVID-19 to determine 
efficacy in an outpatient setting for reduc-
ing the rate of hospitalization or death. 41 

  

SARS-CoV-2-
Specific Mon-
oclonal Anti-
bodies 
  
Updated 
4/30/21 

8:18.24 
Monoclonal 
Antibodies 

Monoclonal antibodies 
(mAbs) used in the treat-
ment or prevention of 
infectious diseases are 
engineered versions of 
antibodies naturally pro-
duced by the immune sys-
tem in response to invad-
ing viruses or other patho-
gens. 1, 6, 21, 30, 31 
  
mAbs that are specific for 
certain infectious agents or 
their toxins (e.g., respirato-
ry syncytial virus, Bacillus 
anthracis, Clostridioides 
difficile) have been used for 
the treatment or preven-
tion of infections caused by 
these agents. 1 
  
Animal studies evaluating 
neutralizing mAbs specific 
for other coronaviruses 
(SARS-CoV-1, MERS-CoV) 
have demonstrated bene-
fits in such models. 1, 2, 4, 5, 6, 

30 
SARS-CoV-2-specific mAbs 
are designed to directly 
target the virus and may 
act as neutralizing antibod-
ies (nAbs).  Most SARS-CoV
-2-specific mAbs being 
investigated target 
epitopes on the spike pro-
tein (S protein) of the virus  

Clinical trials have been initiated to evalu-
ate several different SARS-CoV-2-specific 
mAbs, including the following: 
  
Casirivimab and Imdevimab (REGN10933 
and REGN10987; REGN-COV2): 
  
Randomized, placebo-controlled, phase 1/
phase 2/phase 3 trial sponsored by the 
manufacturer (Regeneron) to evaluate 
safety, tolerability, and efficacy of a single 
IV dose of casirivimab and imdevimab for 
treatment of COVID-19 in hospitalized 
adults (NCT04426695). 22 Initial study pro-
tocol included 4 different cohorts of pts 
(i.e., on low-flow oxygen, not requiring 
oxygen, on high-flow oxygen without me-
chanical ventilation, on mechanical ventila-
tion) to be randomized to receive 
casirivimab and imdevimab (administered 
together) or placebo. 22 The manufacturer 
announced that further enrollment of hos-
pitalized pts requiring high-flow oxygen or 
mechanical ventilation was terminated 
following a recommendation from the in-
dependent data monitoring committee 
(IDMC) based on a potential safety signal 
and unfavorable risk/benefit profile in such 
pts. Enrollment of hospitalized pts not re-
quiring oxygen or on low-flow oxygen is 
continuing as recommended by the IDMC. 

37 The manufacturer announced prelimi-
nary data analyses (not peer reviewed) for 
pts hospitalized with laboratory-confirmed 
COVID-19 who were on low-flow oxygen 
(defined as maintaining O2 saturation of 
>93% via nasal cannula, simple facemask,  

Because mAbs generally have long 
half-lives, it is likely that only a single 
dose of the SARS-CoV-2-specific 
mAbs may be required. 1 
  
Bamlanivimab (LY-CoV555) and 
Etesevimab (LY-CoV016): 
  
Emergency use authorization (EUA) 
dosage and administration of bam-
lanivimab and etesevimab for treat-
ment of mild to moderate COVID-19 
in adults and pediatric pts ≥12 years 
of age weighing ≥40 kg with positive 
results of direct SARS-CoV-2 viral 
testing who are outpatients and are 
at high risk for progressing to severe 
COVID-19 and/or hospitalization: 
Single dose of 700 mg of bam-
lanivimab and 1.4 g of etesevimab 
administered together after dilution 
as a single IV infusion; administer in 
an outpatient setting as soon as pos-
sible after positive viral test for SARS-
CoV-2 and within 10 days of symp-
tom onset. 65 
  
Casirivimab and Imdevimab 
(REGN10933 and REGN10987): 
  
Emergency use authorization (EUA) 
dosage and administration of 
casirivimab and imdevimab for 
treatment of mild to moderate 
COVID-19 in adults and pediatric pts 
≥12 years of age weighing ≥40 kg 
with positive results of direct  

SARS-CoV-2-specific mAbs are not com-
mercially available. 
  
Safety and efficacy of investigational 
SARS-CoV-2-specific mAbs for the treat-
ment or prevention of COVID-19 have 
not been established. 
  
Although results of controlled clinical 
trials are needed to provide additional 
information on safety and efficacy of 
mAbs that specifically target SARS-CoV-
2, preliminary data suggest that outpa-
tients may benefit from receiving a 
SARS-CoV-2-specific mAb early in the 
course of the infection 57 and it has been 
suggested that such mAbs may offer 
some advantages over other immuno-
therapies used for the treatment of 
COVID-19 (e.g., COVID-19 convalescent 
plasma, IGIV) in terms of specificity and 
safety. 2, 3, 30, 31 
  
Bamlanivimab (LY-CoV555): 
  
Effective April 16, 2021, FDA revoked 
the EUA for use of bamlanivimab alone 
(monotherapy) for the treatment of 
mild to moderate COVID-19. 81 Because 
of a sustained increase in SARS-CoV-2 
viral variants in the US that are resistant 
to bamlanivimab alone and because 
testing technologies are not available to 
enable healthcare providers to test 
individual COVID-19 patients for SARS-
CoV-2 viral variants prior to initiation of 
mAb treatment, there is an increased   
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  and block the receptor-
binding domain (RBD) of 
the S protein from inter-
acting with human angio-
tensin-converting enzyme 
2 (ACE2), thereby pre-
venting the virus from 
entering cells and inhib-
iting viral replication. 1-6, 25, 

27, 30 
SARS-CoV-2-specific mAbs 
potentially could limit or 
modify SARS-CoV-2 infec-
tion and may be effective 
for both treatment and 
prevention since such 
mAbs could provide imme-
diate and longer-term 
(weeks or months) protec-
tion against the virus. 1-3, 30 
  
Various mAbs specific for 
SARS-CoV-2 are being in-
vestigated for the treat-
ment and prevention of 
COVID-19, including the 
following: 
  
Casirivimab and Im-
devimab (REGN10933 and 
REGN10987; REGN-COV2): 
Combination of two differ-
ent recombinant neutraliz-
ing IgG1 mAbs (casirivimab 
and imdevimab) that bind 
to non-overlapping 
epitopes on the S protein 
RBD of SARS-CoV-2 and 
block the virus from bind-
ing to the human ACE2 
receptor; 21, 25, 27, 29, 49 pre-
clinical studies demon-
strated neutralizing activity 
in vitro and protective 
effects against SARS-CoV-2 
infection and viral replica-
tion in animal models. 27, 28 
  
Bamlanivimab (LY-
CoV555; LY3819253): Re-
combinant neutralizing 
IgG1 mAb that specifically 
binds to an epitope on the 
S protein of SARS-CoV-2  

or similar device) and were randomized to 
receive 2.4 g of casirivimab and imdevimab 
(1.2 g of each mAb; low dose), 8 g of 
casirivimab and imdevimab (4 g of each 
mAb; high dose), or placebo in addition to 
standard of care (67% received remdesivir 
and 74% received systemic corticosteroids). 
Results of the preliminary analysis (i.e., 
futility analysis) indicated that the mAb 
regimen had sufficient efficacy to warrant 
continuing the trial. Data for the 217 pts 
seronegative for endogenous antibodies 
against SARS-CoV-2 at baseline indicated 
that casirivimab and imdevimab treatment 
reduced the time-weighted average daily 
viral load through day 7 by -0.54 log10 cop-
ies/mL and through day 11 by -0.63 log10 
copies/mL (nominal p = 0.002 for combined 
doses). Data for the 270 pts seropositive at 
baseline indicated that clinical and virologic 
benefit of the mAb treatment was limited 
in these pts (time-weighted average viral 
load through day 7 reduced by  -0.20 log10 
copies/mL for combined doses). Efficacy of 
the low- and high-dose regimens of 
casirivimab and imdevimab was similar. 60 
  
Randomized, placebo-controlled, phase 1/
phase 2/phase 3 trial sponsored by the 
manufacturer (Regeneron) to evaluate 
safety, tolerability, and efficacy of a single 
IV dose of casirivimab and imdevimab 
(administered together) for treatment of 
COVID-19 in outpatients (NCT04425629). 23 
Results of a preplanned interim analysis 
that included the first 275 outpatients en-
rolled in the phase 1/phase 2 portion of 
this trial have been published.  Enrolled pts 
were randomized 1:1:1 to receive a single 
IV infusion of 2.4 g of casirivimab and im-
devimab (1.2 g of each mAb; low dose) or 8 
g of casirivimab and imdevimab (4 g of each 
mAb; high dose), or placebo in addition to 
usual standard of care. All pts had SARS-
CoV-2 infection confirmed by testing ≤72 
hour prior to randomization and had symp-
tom onset ≤7 days prior to randomization. 
Results of this interim analysis indicated 
that casirivimab and imdevimab reduced 
viral load and there was a positive trend in 
reduction of medical visits; benefits were 
greatest in those who had not mounted 
their own effective immune response. 58  

SARS-CoV-2 viral testing who are 
outpatients and are at high risk for 
progressing to severe COVID-19 
and/or hospitalization: Single dose 
of 1.2 g of casirivimab and 1.2 g of 
imdevimab administered together 
after dilution as a single IV infusion; 
administer in an outpatient setting as 
soon as possible after positive viral 
test for SARS-CoV-2 and within 10 
days of symptom onset. 65 
  
Concerns about medication errors 
and variations in packaging: The 
manufacturer is alerting healthcare 
providers that casirivimab and im-
devimab are packaged individually 
in separate cartons and vials, but 
must be combined and adminis-
tered together after dilution as a 
single IV infusion only. Beginning in 
February 2021, casirivimab and im-
devimab are being shipped in “dose 
packs” with the tradename REGEN-
COV®; although there are 4 different 
dose pack presentations, each con-
tains a sufficient number of cartons 
and vials of the drugs to prepare a 
single treatment dose. Although 
some cartons and vials of the drugs 
may be labeled “for intravenous 
infusion or subcutaneous injection”, 
52 the drugs must be administered 
together by IV infusion only as spec-
ified in the EUA. 49, 52 Casirivimab and 
imdevimab may each be supplied as 
two different vial sizes (1332 
mg/11.1 mL or 300 mg/2.5 mL); 49, 52 
instructions for preparing the 
casirivimab and imdevimab solution 
for IV infusion (e.g., number of vials) 
specified in the EUA fact sheet for 
healthcare providers must be fol-
lowed to ensure the correct dose. 49  

Some cartons and vials of casirivimab 
and imdevimab may be labeled REG-
N10933 and REGN10987, respective-
ly. 49, 52 

risk of treatment failure if bamlanivimab 
is administered alone. Therefore, based 
on the totality of scientific evidence 
available, FDA concluded that the 
known and potential benefits of bam-
lanivimab alone no longer outweigh the 
known and potential risks of monother-
apy with the drug. Note: The EUA for 
use of bamlanivimab in a combined 
regimen with etesevimab remains un-
changed. Healthcare facilities that have 
existing supplies of bamlanivimab 
alone, distributed prior to revocation 
of the EUA for use of the drug as mono-
therapy, should contact the authorized 
US distributor (AmerisourceBergen) to 
obtain etesevimab to pair with their 
existing supplies of bamlanivimab to 
enable use under the EUA for bam-
lanivimab and etesevimab. 81, 82 
  
Bamlanivimab (LY-CoV555) and Etese-
vimab (LY-CoV016): 
  
FDA issued an Emergency Use Authori-
zation (EUA) for bamlanivimab and 
etesevimab on February 9, 2021 that 
permits combined use of the drugs for 
the treatment of mild to moderate 
COVID-19 in adults and pediatric pts 
≥12 years of age weighing ≥40 kg with 
positive results of direct SARS-CoV-2 
viral testing who are outpatients and 
are at high risk for progressing to se-
vere COVID-19 and/or hospitalization. 
FDA states that, based on a review of 
data from an ongoing randomized, dou-
ble-blind, placebo-controlled phase 2/3 
trial in outpatients with mild to moder-
ate COVID-19 (BLAZE-1; NCT04427501), 
it is reasonable to believe that bam-
lanivimab and etesevimab administered 
together may be effective for the treat-
ment of mild to moderate COVID-19 in 
adults and pediatric patients ≥12 years 
of age weighing ≥40 kg with positive 
results of direct SARS-CoV-2 viral testing 
who are at high risk for progressing to 
severe COVID-19 and/or hospitalization 
and, when used under the conditions of 
the EUA, the known and potential bene-
fits of bamlanivimab and etesevimab 
administered together for treatment  
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  overlapping the ACE2 bind-
ing site; 12, 13, 43 preclinical 
studies demonstrated neu-
tralizing activity against 
SARS-CoV-2 in Vero E6 cells 
and protective effects 
against SARS-CoV-2 infec-
tion and viral replication in 
an animal model. 13 
  
Etesevimab (LY-CoV016; 
LY3832479; JS016): Re-
combinant, fully human 
neutralizing mAb that spe-
cifically binds to a region 
on the S protein of SARS-
CoV-2 complementary to 
the binding site of bam-
lanivimab; has high affinity 
for and effectively blocks 
the virus from binding to 
ACE2 host cell surface re-
ceptors; prophylactic and 
therapeutic effects against 
SARS-CoV-2 infection 
demonstrated in an animal 
model. 32 
  
VIR-7831 (GSK4182136): 
mAb that specifically tar-
gets the S protein of SARS-
CoV-2; preclinical studies 
demonstrated affinity for 
and highly potent neutral-
izing activity against the 
virus; 15 engineered for 
enhanced lung bioavailabil-
ity and extended half-life. 
34 
  
AZD7442: Contains two 
mAbs (AZD8895 and 
AZD1061) that specifically 
target SARS-CoV-2 at two 
non-overlapping sites; 20, 30 
has an extended half-life 
and reduced Fc receptor 
binding. 20 
  
COVID-GUARD (STI-1499) 
and COVI-AMG (STI-2020):  
Both of these mAbs specifi-
cally target the S protein of 
SARS-CoV-2; preclinical  

Key end points included the time-weighted 
average change in viral load from baseline 
through 7 and percentage of pts with at 
least one COVID-19-related medically 
attended visit through day 29. At least one 
medically attended visit was reported in 6 
or 3% of pts in the placebo or mAb group, 
respectively; among those who were anti-
body-negative at baseline, 15% in the pla-
cebo group and 6% in the mAb group re-
ported such visits. 58 The manufacturer 
subsequently announced results for an 
additional 524 outpatients enrolled in the 
phase 1/phase 2 portion of this trial (not 
peer reviewed) and stated that analysis of 
data for these pts confirmed that a com-
bined regimen of casirivimab and im-
devimab significantly reduces viral load, is 
associated with reduced COVID-19-related 
medical visits, and is most beneficial in pts 
who are at risk for poor outcomes due to 
higher viral load and/or no detectable anti-
bodies at baseline; data also indicated 
there were no significant differences in 
virologic or clinical efficacy between the 
high- and low-dose casirivimab and im-
devimab regimens. 36  Based on phase 1/
phase 2 results, the phase 3 protocol of this 
placebo-controlled trial in outpatients was 
amended to compare a dosage regimen of 
1.2 g of casirivimab and imdevimab or 2.4 g 
of casirivimab and imdevimab with place-
bo.  The manufacturer has announced pre-
liminary results of the phase 3 portion (not 
peer reviewed) indicating that the com-
bined regimen met the primary end point 
and all secondary end points. Compared 
with placebo, a single IV infusion of the 
combined regimen reduced the risk of hos-
pitalization or death by 70% (1.2 g of 
casirivimab and imdevimab) or 71% (2.4 g 
of casirivimab and imdevimab). 76 
  
Randomized, controlled, open-label, phase 
3 trial with a casirivimab and imdevimab 
arm is evaluating the combined use of 
these mAbs (single IV infusion containing 4 
g each of casirivimab and imdevimab) with 
standard of care vs standard of care alone 
for treatment in hospitalized COVID-19 pts 
≥12 years of age (NCT04381936; RECOV-
ERY). 26, 38 
  

 of COVID-19 in such pts outweigh the 
known and potential risks. 64 
  
Casirivimab and Imdevimab 
(REGN10933 and REGN10987): 
  
FDA issued an Emergency Use Authori-
zation (EUA) for casirivimab and im-
devimab on November 21, 2020 that 
permits combined use of these drugs 
for the treatment of mild to moderate 
COVID-19 in adults and pediatric pts 
≥12 years of age weighing ≥40 kg with 
positive results of direct SARS-CoV-2 
viral testing who are outpatients and 
are at high risk for progressing to se-
vere COVID-19 and/or hospitalization. 
FDA states that, based on a review of 
phase 1/2 data from an ongoing ran-
domized, double-blind, placebo-
controlled, phase 1/2/3 trial of 
casirivimab and imdevimab in outpa-
tients with mild to moderate COVID-19 
(NCT04425629), it is reasonable to be-
lieve that casirivimab and imdevimab 
administered together may be effective 
for the treatment of mild to moderate 
COVID-19 in adults and pediatric pa-
tients ≥12 years of age weighing ≥40 kg 
with positive results of direct SARS-CoV-
2 viral testing who are at high risk for 
progressing to severe COVID-19 and/or 
hospitalization and, when used under 
the conditions of the EUA, the known 
and potential benefits of casirivimab 
and imdevimab for treatment of COVID-
19 in such pts outweigh the known and 
potential risks. 48, 49 
  
The EUAs for currently available SARS-
CoV-2-specific mAbs define pts at high 
risk for progressing to severe COVID-19 
and/or hospitalization as those who 
meet at least one of the following crite-
ria: BMI ≥35, chronic kidney disease, 
diabetes, immunosuppressive disease, 
immunosuppressive treatment; ≥65 
years of age; ≥55 years of age with car-
diovascular disease or hypertension or 
COPD or other chronic respiratory dis-
ease; 12-17 years of age with BMI ≥85th 
percentile for their age and gender 
based on CDC growth charts, sickle cell  
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  studies demonstrated that 
both have neutralizing 
activity against SARS-CoV-2 
in Vero E6 cells and protec-
tive effects against the 
virus in an animal model; 
STI-2020 is an affinity-
matured version of STI-
1499 and has greater in 
vitro potency than STI-
1499. 17, 18 
  
Note that various recombi-
nant humanized monoclo-
nal antibodies that target 
key immunologic and in-
flammatory mediators 
(e.g., complement, granu-
locyte-macrophage colony-
stimulating factor [GM-
CSF], interleukin-6 [IL-6]) 
but do not target the SARS-
CoV-2 virus are being in-
vestigated for the treat-
ment of COVID-19. 7, 8 (See 
Sarilumab, Siltuximab, and 
Tocilizumab in this Evi-
dence Table.) 

Randomized, double-blind, placebo-
controlled, phase 3 trial sponsored by the 
manufacturer (Regeneron) is evaluating 
safety, tolerability, and efficacy of a single 
sub-Q dose of casirivimab and imdevimab 
for prevention of SARS-CoV-2 infection in 
healthy, asymptomatic, household contacts 
of individuals infected with SARS-CoV-2 
(NCT04452318). Initial study protocol only 
included adults; protocol was modified to 
include adults and adolescents ≥12 years of 
age weighing ≥40 kg. 24 The manufacturer 
announced preliminary results of this study 
(not peer reviewed) indicating that a single 
dose of 1.2 g of casirivimab and imdevimab 
administered sub-Q to uninfected house-
hold contacts reduced the risk of sympto-
matic SARS-CoV-2 infection by 72% during 
the first week and by 81% through day 29 
compared with placebo. 77 
  
Bamlanivimab (LY-CoV555) and Etese-
vimab (LY-CoV016): 
  
Randomized, placebo-controlled, double-
blind, sponsor-unblinded, single ascending 
dose, phase 1 study sponsored by the man-
ufacturer (Eli Lilly) evaluated safety, tolera-
bility, pharmacokinetics, and pharmacody-
namics of an IV dose of bamlanivimab in 
hospitalized adults with COVID-19. Study 
completed; results not yet published 
(NCT04411628). 9 
  
Randomized, placebo-controlled, phase 1 
study sponsored by the manufacturer (Eli 
Lilly) evaluated safety, tolerability, pharma-
cokinetics, and immunogenicity of an IV 
dose of etesevimab) in healthy adults. 
Study completed; results not yet published 
(NCT04441931). 33 
  
Randomized, double-blind, placebo-
controlled phase 2/3 study is evaluating 
efficacy and safety of bamlanivimab used 
alone or with  etesevimab for early treat-
ment of COVID-19 in adults and adoles-
cents ≥12 years of age who are outpatients 
with mild to moderate disease 
(NCT04427501; BLAZE-1). 10  Results of a 
preplanned interim analysis of the 3 bam-
lanivimab monotherapy arms (single IV 
dose of 700 mg, 2.8 g, or 7 g) of the phase 2  

 disease, congenital or acquired heart 
disease, neurodevelopmental disorder 
such as cerebral palsy, medical-related 
technological dependence such as tra-
cheostomy, gastrostomy, or positive 
pressure ventilation not related to 
COVID-19, or asthma or reactive airway 
or other chronic respiratory disease that 
requires daily medication for control. 43, 

49, 65 
The EUAs for currently available SARS-
CoV-2-specific mAbs state that these 
drugs are not authorized for use in pts 
who are hospitalized due to COVID-19, 
require oxygen therapy due to COVID-
19, or are on chronic oxygen therapy 
due to an underlying non-COVID-19-
related comorbidity and require an 
increase in baseline oxygen flow rate 
due to COVID-19. 48, 49, 64, 65  Benefits 
have not been observed when used in 
hospitalized pts; SARS-CoV-2-specific 
mAbs may be associated with worse 
clinical outcomes when administered to 
hospitalized COVID-19 pts requiring high 
flow oxygen or mechanical ventilation. 
49, 65 
If a patient is hospitalized for reasons 
other than COVID-19 (e.g., an elective 
orthopedic procedure) and reports mild 
to moderate symptoms of COVID-19, 
confirmed with positive results of a 
direct SARS-CoV-2 viral test, FDA states 
that treatment with a SARS-CoV-2-
specific mAb available under an EUA 
may be appropriate if the patient is also 
at high risk for progressing to severe 
COVID-19 and/or hospitalization for 
COVID-19 and terms and conditions of 
the EUA are met. 56, 67, 69 
  
The EUAs for currently available SARS-
CoV-2-specific mAbs require that the 
dosage of these drugs recommended in 
their respective EUAs be administered 
via IV infusion by a healthcare provider 
in an outpatient setting where there is 
immediate access to medications to 
treat a severe infusion reaction such as 
anaphylaxis and ability to activate the 
emergency medical system (EMS) as 
necessary. The EUAs also require that 
healthcare facilities and healthcare pro-
viders administering bamlanivimab,  
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   portion of this ongoing study have been 
published. At the time of the interim analy-
sis, data were available for 452 outpatients 
≥18 years of age with mild or moderate 
COVID-19  (309 pts randomized to bam-
lanivimab and 143 randomized to placebo). 
Based on the primary outcome (change in 
SARS-CoV-2 viral load from baseline to day 
11 assessed by RT-PCR of nasopharyngeal 
swabs), only the 2.8-g dose group had low-
er viral load than the placebo group; de-
creased viral load at day 11 did not appear 
to be a clinically meaningful end point since 
viral load was substantially reduced from 
baseline for the majority of pts, including 
those in the placebo group. 39  A final analy-
sis of data for 309 adults randomized to the 
3 bamlanivimab monotherapy arms, 112 
adults randomized to the bamlanivimab 
and etesevimab combination arm (single IV 
infusion containing 2.8 g of each mAb), and 
156 adults randomized to placebo have 
now been published. There was a statisti-
cally significant difference in change in 
SARS-CoV-2 viral load from baseline to day 
11 in the bamlanivimab and etesevimab 
group compared with placebo; however, 
the change in viral load in each of the 3 
bamlanivimab monotherapy dosage 
groups was not significantly different com-
pared with placebo. At day 29, the propor-
tion of pts with hospitalizations or emer-
gency department visits related to COVID-
19 was 1-2% in the bamlanivimab mono-
therapy groups, 0.9% in the bamlanivimab 
and etesevimab group, and 5.8% in the 
placebo group. 61 
  
Randomized, double-blind, placebo-
controlled phase 2 study evaluating various 
mAb regimens for treatment of mild to 
moderate COVID-19 in outpatients 
(NCT04634409; BLAZE-4): Certain treat-
ment arms evaluated bamlanivimab with 
etesevimab. Pts were randomized to re-
ceive a single IV infusion of bamlanivimab 
700 mg and etesevimab 1.4 g (158 pa-
tients), bamlanivimab 2.8 g and etesevimab 
2.8 g (101 patients), bamlanivimab 700 mg 
alone (103 patients), or placebo (153 pa-
tients). The primary end point was the pro-
portion of pts with SARS-CoV-2 viral load by 
cycle threshold (CT) greater than 5.27 on  

 bamlanivimab and etesevimab, or 
casirivimab and imdevimab comply with 
certain mandatory record keeping and 
reporting requirements (including ad-
verse event reporting to FDA Med-
Watch). 48, 49, 64, 65 
 
The EUAs for the SARS-CoV-2-specific 
mAbs were each reissued to require 
that manufacturers establish a process 
for monitoring genomic databases for 
emergence of global viral variants of 
SARS-CoV-2 and, if requested by FDA, 
assess activity of the drugs against any 
global SARS-CoV-2 variants of interest. 
48, 64 
The EUA fact sheets for healthcare pro-
viders for each currently available mAb 
includes information on specific variants 
and resistance. 49, 65 Information on 
SARS-CoV-2 viral variants circulating in 
the US collected through CDC’s national 
genomic surveillance program is availa-
ble at https://www.cdc.gov/
coronavirus/2019-ncov/cases-updates/
variant-proportions.html and may help 
guide treatment decisions. 73, 74 
  
Allocation of currently available SARS-
CoV-2-specific mAbs for use under their 
respective EUAs is being directed by 
the HHS Office of the Assistant Secre-
tary for Preparedness and Response 
(ASPR) in collaboration with state and 
territorial health departments and the 
manufacturers. Healthcare providers 
should contact the authorized US dis-
tributor (AmerisourceBergen) to obtain 
these mAbs. 46, 51,  70  Information on 
specific locations in the US administer-
ing the drugs may be available at the 
HHS protect public data hub  (https://
protect-public.hhs.gov/pages/
therapeutics-distribution) or National 
Infusion Center Association (NICA) web-
site (https://covid.infusioncenter.orgw. 
56, 67, 69 
 Bamlanivimab and Etesevimab: For 
additional information about the EUA, 
consult the bamlanivimab and etese-
vimab EUA letter of authorization, 64 
EUA fact sheet for healthcare providers, 
65 and EUA fact sheet for patients, par-
ents and caregivers. 66 
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   day 7. Initial results indicate the two differ-
ent dosage regimens of bamlanivimab and 
etesevimab result in similar virologic out-
comes. Day 7 data (range 7-9 days) indi-
cate that 31% of the placebo group still had 
viral load by CT greater than 5.27 com-
pared with 14% of the group treated with 
bamlanivimab 700 mg and etesevimab 1.4 
g and 10% of the group treated with bam-
lanivimab 2.8 g and etesevimab 2.8 g. 65 
  
Randomized, double-blind, placebo-
controlled phase 3 trial initiated by the 
manufacturer (Eli Lilly) in collaboration with 
NIAID is evaluating efficacy and safety of 
bamlanivimab used alone or with etese-
vimab for prevention of SARS-CoV-2 infec-
tion in adult residents and staff of skilled 
nursing or assisted living facilities 
(NCT04497987; BLAZE-2). 11  The manufac-
turer (Eli Lilly) announced results of data 
analyses for 965 study participants who 
tested negative for SARS-CoV-2 at baseline 
(299 residents and 666 staff) and were 
randomized to receive prophylaxis with 
bamlanivimab (4.2 g as a single dose) or 
placebo. At 8 weeks of follow-up, there was 
a significantly lower frequency of sympto-
matic COVID-19 (the primary end point) 
overall in the bamlanivimab group vs the 
placebo group (odds ratio 0.43). Subgroup 
analyses for the 299 residents also indicat-
ed a significantly lower frequency of symp-
tomatic COVID-19 in the bamlanivimab 
group vs the placebo group (odds ratio 
0.20); there were 4 deaths attributed to 
COVID-19 in the residents and all occurred 
in the placebo group. 62 
  
Multicenter, adaptive, randomized, place-
bo-controlled, phase 3 trial evaluating 
safety and efficacy of various therapeutics 
for hospitalized pts with COVID-19 spon-
sored by NIAID (NCT04501978; TICO; AC-
TIV-3): Trial included a treatment arm to 
evaluate bamlanivimab  with standard of 
care vs placebo with standard of care in 
hospitalized adults. 40, 41 NIAID announced 
that the bamlanivimab treatment arm was 
terminated following a recommendation 
from the independent data and safety 
monitoring board (DSMB) based on low 
likelihood of clinical benefit in hospitalized 
pts. 41 Data for the 314 enrolled pts  

 Casirivimab and Imdevimab: For addi-
tional information about the EUA, con-
sult the casirivimab and imdevimab EUA 
letter of authorization, 48 EUA fact sheet 
for healthcare providers, 49 and EUA fact 
sheet for patients, parents and caregiv-
ers. 50 
  
NIH COVID-19 Treatment Guidelines 
Panel states that, based on data availa-
ble to date, use of bamlanivimab and 
etesevimab or casirivimab and im-
devimab is recommended for treat-
ment of outpatients with mild to mod-
erate COVID-19 who are at high risk of 
clinical progression as defined by the 
EUA criteria. These experts state that 
SARS-CoV-2-specific mAb treatment 
should be given as soon as possible 
after COVID-19 diagnosis is confirmed 
by positive SARS-CoV-2 antigen or nu-
cleic acid amplification test (NAAT) and 
within 10 days after symptom onset. 
The panel recommends against use of 
SARS-CoV-2-specific mAbs in pts hospi-
talized because of COVID-19, except in 
a clinical trial; however, such treat-
ment should be considered in those 
with mild to moderate COVID-19 who 
are hospitalized for reasons other than 
COVID-19 but who otherwise meet the 
EUA criteria. Although data are not 
available regarding the comparative 
efficacy and safety of bamlanivimab and 
etesevimab vs casirivimab and im-
devimab and it is not known whether in 
vitro susceptibility data correlate with 
clinical outcomes, some panel members 
would preferentially use casirivimab and 
imdevimab in regions where SARS-CoV-
2 variants with reduced in vitro suscep-
tibility to bamlanivimab and etesevimab 
are common. 57 
  
** IDSA suggests use of bamlanivimab 
and etesevimab or casirivimab and im-
devimab rather than no SARS-CoV-2-
specific mAb treatment in outpatients 
with mild to moderate COVID-19 at 
high risk for progression to severe dis-
ease since expected benefits likely out-
weigh any potential harms. These ex-
perts state that susceptibility of local  
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   included in the prespecified interim futility 
assessment have been published. Enrolled 
pts were hospitalized with documented 
SARS-CoV-2 infection (duration of symp-
toms ≤12 days, no end-organ failure at 
baseline) and randomized 1:1 to receive 
bamlanivimab (163 pts) or placebo (151 
pts). Pts also received remdesivir (95% of 
pts), corticosteroids (49% of pts), and sup-
plemental oxygen when indicated. The 
futility assessment evaluated pulmonary 
function on day 5 based on a 7-category 
ordinal scale and indicated that a single IV 
infusion of bamlanivimab did not result in 
better clinical outcomes at day 5 com-
pared with placebo. The odds ratio of be-
ing in a more favorable category in the 
bamlanivimab group compared with the 
placebo group was 0.85 (95% CI, 0.56 to 
1.29; P = 0.45). Among 167 pts who were 
followed for at least 28 days or died within 
28 days, 82 or 79% in the bamlanivimab or 
placebo group, respectively, had sustained 
recovery (rate ratio 1.06).The percentage 
of patients with the primary safety out-
come (a composite of death, serious ad-
verse events, or clinical grade 3 or 4 ad-
verse events through day 5) was similar in 
the bamlanivimab and placebo group (19% 
and 14%, respectively). 59 
  
VIR-7831 (GSK4182136): 
  
Manufacturer (Vir Biotechnology) in collab-
oration with GlaxoSmithKline initiated a 
randomized, double-blind, placebo- con-
trolled, phase 2/phase 3 trial to assess safe-
ty, tolerability, efficacy, and pharmacoki-
netics of a single IV dose of VIR-7831 for 
treatment of mild or moderate COVID-19 
in outpatients at high risk of disease pro-
gression (NCT04545060; COMET-ICE). 14, 15  
The manufacturers announced that interim 
results of the ongoing phase 3 portion of 
this study (not peer reviewed) indicate that 
a single IV dose of VIR-7831 (500 mg) re-
duced the risk of hospitalization or death 
by 85% compared with placebo. 78 
  
Randomized, double-blind, placebo-
controlled phase 2 study evaluating various 
mAb regimens for treatment in adult out-
patients with mild to moderate COVID-19  

 SARS-CoV-2 variants may be considered 
when choosing the most appropriate 
SARS-CoV-2-specific mAb treatment. 68 
  
Pregnant women: NIH panel states that 
currently available SARS-CoV-2-specific 
mAbs  should not be withheld from a 
pregnant woman who has a condition 
that poses a high risk of progression to 
severe COVID-19 if the clinician thinks 
that the potential benefits outweigh 
potential risks. 57 
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   (NCT04634409; BLAZE-4): One treatment 
arm is evaluating a regimen of bam-
lanivimab with VIR-7831 (SARS-CoV-2-
specific mAbs that bind to different regions 
of the S protein of SARS-CoV-2). 72, 75  The 
primary outcome measure is the percent-
age of pts with SARS-CoV-2 viral load >5.27 
on day 7. The manufacturers (Lilly, VIR 
Biotechnology, and GlaxoSmithKline) an-
nounced that preliminary data (not peer 
reviewed) indicate that a single-dose regi-
men of IV bamlanivimab (700 mg) and VIR-
7831 (500 mg) met the primary end point. 
The combined regimen resulted in a 70% 
relative reduction in persistently high viral 
load (>5.27; CT <27.5) at day 7 compared 
with placebo. In addition, the combined 
regimen resulted in a statistically significant 
reduction in the key virologic secondary 
end point (i.e., mean change in viral load 
from baseline to days 3, 5, and 7) com-
pared with placebo. By day 29, there were 
no COVID-19-related hospitalizations or 
fatalities in either the bamlanivimab and 
VIR-7831 group or the placebo group. 75 
  
AZD7442: 
  
Double-blind, placebo-controlled, phase 1 
trial initiated by the manufacturer 
(AstraZeneca) to evaluate safety, tolerabil-
ity, and pharmacokinetics of IV and IM 
doses of AZD-7442 in healthy adults 
(NCT04507256). 19 
  
Randomized, double-blind, placebo-
controlled, phase 3 trial initiated by the 
manufacturer (AstraZeneca) to evaluate 
safety and efficacy of a single IM dose of 
AZD7442 for treatment of mild to moder-
ate COVID-19 in outpatient adults 
(NCT04723394; TACKLE). 71 
  
** Adaptive platform, randomized, placebo
-controlled, phase 2/3 trial evaluating vari-
ous drugs for the treatment of COVID-19 in 
outpatients includes a treatment arm to 
evaluate AZD7442 in such pts 
(NCT04518410; ACTIV-2). 47 
  
Randomized, double-blind, placebo-
controlled, phase 3 trials initiated by the 
manufacturer (AstraZeneca) to evaluate 
safety and efficacy of a single IM dose of  
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   AZD7442 for preexposure prophylaxis 
(NCT04625725; PROVENT) or postexposure 
prophylaxis (NCT04625972; STORM CHAS-
ER) of SARS-CoV-2 infection in adults. 54, 55 
  
COVI-AMG (STI-2020): 
  
Manufacturer (Sorrento Therapeutics) initi-
ated a randomized, double-blind, placebo-
controlled, phase 1/phase 2 study to evalu-
ate safety and efficacy of single 40-, 100-, 
and 200-mg IV doses of COVI-AMG for 
treatment of COVID-19 in adult outpatients 
(NCT04738175). 79 
  
Manufacturer (Sorrento Therapeutics) initi-
ated a randomized, double-blind, placebo-
controlled, phase 2 study to evaluate safety 
and efficacy of single 100- and 200-mg IV 
doses of COVI-AMG for treatment in adults 
hospitalized with COVID-19 
(NCT04771351). 79 

  

Umifenovir 
(Arbidol®) 
  
Updated 
1/14/21 

8:18.92 
Antiviral 

Broad-spectrum antiviral 
with in vitro activity 
against various viruses, 
including coronaviruses 4 
  
Although data limited, in 
vitro activity against SARS-
CoV-1 4 and SARS-CoV-2 5 
reported 
  
Licensed in China, Russia, 
Ukraine, and possibly other 
countries for prophylaxis 
and treatment of influenza 
4 
  
  

Limited data do not suggest benefit in pts 
with COVID-19. 
 
Meta-analysis of 10 retrospective and 2 
prospective, randomized controlled studies  
conducted in China (total of 1052 adults 
with laboratory-confirmed COVID-19; high 
heterogeneity) suggested that treatment 
with umifenovir was not associated with 
benefit in pts with COVID-19, as assessed 
by time to negative RT-PCR conversion, 
rate of negative RT-PCR on day 7, rate of 
fever or cough alleviation on day 7, hospital 
length of stay, or a composite endpoint of 
admission to intensive care unit, need for 
mechanical ventilation, or death, in studies 
that measured these endpoints. An in-
creased rate of negative RT-PCR on day 14 
was noted. 13 
  
Retrospective cohort study in 50 adults 
with COVID-19 in China suggests better 
viral suppression with umifenovir vs LPV/
RTV. All pts received conventional therapy, 
including interferon α-2b. At 7 days after 
hospital admission, SARS-CoV-2 was unde-
tectable in 50% of pts treated with 
umifenovir vs 23.5% treated with LPV-RTV; 
at 14 days, viral load undetectable in all pts 
treated with umifenovir vs 44.1% treated 
with LPV/RTV. Duration of positive  SARS-
CoV-2 RNA positive test was shorter with 
umifenovir vs LPV-RTV 8 

Dosage recommended for treatment 
of COVID-19 in China: Adults, 200 
mg orally 3 times daily for up to 10 
days 5, 7 
  
Dosage used in COVID-19 clinical 
trials: 200 mg orally 3 times daily for 
duration of 7-10 days or longer 2, 3, 6, 8 
  
Dosage recommended for treatment 
of COVID-19 in Russia: 200 mg orally 
every 6 hours for 5 days 11 
  
  

Not commercially available in the US 
  
Has been included in COVID-19 treat-
ment guidelines used in some other 
countries (e.g., China, Russia) 7, 11, 12 
  
Efficacy for the treatment of COVID-19 
not established 
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    Retrospective cohort study in 33 adults 
with COVID-19 in China suggests more fa-
vorable outcome with LPV/RTV plus 
umifenovir vs LPV/RTV alone: Primary end 
point was negative conversion in nasopha-
ryngeal samples and progression or im-
provement of pneumonia. At 7 days, SARS-
CoV-2 undetectable in nasopharyngeal 
specimens in 12/16 pts (75%) treated with 
LPV/RTV plus umifenovir vs 6/17 pts (35%) 
treated with LPV/RTV alone; at 14 days, 
undetectable in 15/16 pts (94%) treated 
with both drugs vs 9/17 pts (53%) treated 
with LPV/RTV alone. At 7 days, chest CT 
scans were improving in 11/16 pts (69%) 
treated with both drugs vs 5/17 pts (29%) 
treated with LPV/RTV alone 1 
  
Retrospective cohort study in 81 hospital-
ized, non-ICU adults with COVID-19 in Chi-
na found no difference in clearance of SARS
-CoV-2 virus between pts receiving 
umifenovir vs those who did not. At 7 days, 
SARS-CoV-2 undetectable in pharyngeal 
specimens in 33/45 pts (73.3%) treated 
with umifenovir vs 28/36 pts (77.8%) who 
did not receive umifenovir. No difference in 
median time from onset of symptoms to 
negative SARS-CoV-2 test (18 vs 16 days) 9 
  
Open-label, prospective, randomized, 
multicenter study in 236 adults with 
COVID-19 in China (ChiCTR200030254): 
When favipiravir was compared with 
umifenovir, clinical recovery rate was 
greater in those treated with favipiravir 
than in those treated with umifenovir. 6 
(See Favipiravir in this Evidence Table.) 
  
Randomized, single-center, partially blind-
ed trial in China (NCT0425885) evaluated 
efficacy of umifenovir in conjunction with 
standard care vs LPV/RTV in conjunction 
with standard care vs standard care with-
out an antiviral in hospitalized adults with 
mild/moderate COVID-19. 2, 10 Data for the 
86 enrolled pts suggest no difference in 
mean time for positive-to-negative conver-
sion of SARS-CoV-2 nucleic acid in respira-
tory specimens and no difference in clinical 
outcomes between pts treated with 
umifenovir or LPV/RTV compared with no 
antiviral therapy 10 
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SUPPORTING AGENTS 

Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments 

Anakinra 
(Kineret®) 
  
Updated 
4/15/21 

92:36 Disease-
modifying Anti
-rheumatic 
Drug 

Recombinant human inter-
leukin-1 (IL-1) receptor 
antagonist 1 
  
IL-1 levels are elevated in 
patients with COVID-19; 
anakinra may potentially 
combat cytokine release 
syndrome (CRS) symptoms 
in severely ill COVID-19 
patients 2, 3, 4, 7 
  
Anakinra has been used off
-label for severe chimeric 
antigen receptor T cell 
(CAR T-cell)-mediated cyto-
kine release syndrome 
(CRS) and macrophage 
activation syndrome 
(MAS)/secondary 
hemophagocytic lympho-
histiocytosis. IL-1 levels are 
elevated in patients with 
these conditions.  Case 
reports and series describe 
a favorable response to 
anakinra in these syn-
dromes, including survival 
benefit in sepsis and re-
versing cytokine storm in 
adults 
with MAS after tocilizumab 
failure. 7 

There are case study data but no known 
published prospective clinical trial evidence 
supporting efficacy or safety of anakinra for 
treatment of COVID-19 7 
  
France:  A cohort study (Ana-COVID) in-
cluded a prospective cohort of 52 adults 
with severe COVID-19 treated with ana-
kinra plus standard of care and a historical 
comparison group of 44 patients who re-
ceived standard and supportive care at 
Groupe Hospitalier Paris Saint-Joseph.  
Inclusion criteria included severe COVID-19
-associated bilateral pneumonia on chest x-
ray or lung CT scan, laboratory-confirmed 
SARS-CoV-2 or typical lung infiltrates on a 
lung CT scan, and an oxygen saturation of 
≤93% under oxygen ≥6 L/min or deteriora-
tion (saturation ≤93% under oxygen 3 L/
min with loss of 3% oxygen saturation in 
ambient air over previous 24 hours). Ana-
kinra was given subcutaneously in a dosage 
of 100 mg twice daily on days 1–3, then 
100 mg once daily from day 4–10. The pri-
mary outcome measure was a composite of 
either ICU admission for invasive mechani-
cal ventilation or death.  Admission to the 
ICU or death occurred in 13 (25%) of ana-
kinra-treated patients and in 32 (73%) of 
patients in the historical comparison group. 
9 
  
France:  A small case series (9 patients) of 
open-label anakinra treatment in hospital-
ized (non-ICU) adults with moderate to 
severe COVID-19 pneumonia has been 
published with encouraging results 8 
  
Italy:  Retrospective cohort study (part of 
NCT04318366) with high- or low-dose ana-
kinra in adults with COVID-19, moderate to 
severe acute respiratory distress syndrome 
(ARDS), and hyperinflammation (defined as 
elevated serum C-reactive protein [CRP] 
and/or ferritin levels) managed with non-
invasive ventilation outside of the ICU at a 
Milan hospital.  Patients received standard 
therapy (hydroxychloroquine and lopinavir/
ritonavir) and either high-dose anakinra (5 
mg/kg twice daily by IV infusion for a  

Various dosage regimens are being 
studied 3, 8 
  
Some studies under way in Europe 
are evaluating 100 mg given subcuta-
neously once to 4 times daily for 7 to 
28 days or until hospital discharge  3 
  
  
In a French case series and a French 
cohort study, anakinra was given 
subcutaneously in a dosage of 100 
mg twice daily (i.e., every 12 hours)  
on days 1–3, then 100 mg once daily 
from day 4–10 8, 9 
  
A retrospective cohort study in Italy 
compared high-dose anakinra by IV 
infusion (5 mg/kg twice daily) and 
low-dose anakinra (100 mg twice 
daily) given subcutaneously 10 
  
(Note: Anakinra is approved only for 
subcutaneous administration in the 
U.S.) 1, 7 
  

NIH COVID-19 Treatment Guidelines 
Panel states that there are insufficient 
clinical data to  recommend either for 
or against use of anakinra in the treat-
ment of COVID-19 7 
  
Safety profile:  Well established in 
adults with sepsis and has been studied 
extensively in severely ill pediatric pa-
tients with complications of rheumato-
logic conditions; pediatric data on use in 
acute respiratory distress syndrome/
sepsis are limited 7 
  
Pregnancy:  Limited evidence to date: 
unintentional first trimester exposure 
considered unlikely to be harmful 7 
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   median of 9 days followed by daily low-
dose subcutaneous administration [100 mg 
twice daily] for 3 additional days to prevent 
relapse) or low-dose anakinra (100 mg 
twice daily subcutaneously) and were com-
pared with a historical cohort of patients 
who did not receive anakinra. At 21 days, 
high-dose anakinra was associated with 
reduced CRP levels and progressive im-
provement in respiratory function in 21 of 
29 (72%) of patients; 5 patients (17%) were 
placed on mechanical ventilation and 3 
patients (10%) died. High-dose IV anakinra 
appeared to be relatively well tolerated.  
Anakinra was discontinued in the low-dose 
subcutaneous anakinra group after 7 days 
because of a lack of improvement in CRP 
levels and clinical status.  In the standard 
treatment alone group (retrospective co-
hort), 8 out of 16 patients (50%) showed 
respiratory improvement at 21 days; 1 
patient (6%) was placed on mechanical 
ventilation and 7 patients (44%) died. 10 
  
Various clinical trials evaluating anakinra 
alone or in conjunction with other drugs 
for treatment of COVID-19 are registered 
at clinicaltrials.gov. 3 
  

  

Ascorbic acid 
  
Updated 
3/11/21 
  
  
  

88:12 Vitamin 
C 

Antioxidant and cofactor 
for numerous physiologic 
reactions; may support 
host defenses against in-
fection and protect host 
cells against infection-
induced 
oxidative stress. 3-5, 7 
  
Presence of infection may 
decrease vitamin C concen-
trations. 2-5 

IV ascorbic acid: 
  
Open-label, randomized, nonblinded, con-
trolled trial in 60 hospitalized adults with 
laboratory-confirmed or suspected severe 
COVID-19 (with manifestations of ARDS or 
myocarditis and SpO2 <93%): Treatment 
with ascorbic acid (1.5 g IV every 6 hours 
for 5 days) plus standard care (daily regi-
men of lopinavir/ritonavir plus single hy-
droxychloroquine dose upon hospitaliza-
tion) failed to improve outcomes compared 
with standard care alone. Body tempera-
ture and SpO2 at discharge, length of ICU 
stay, and mortality rate were not signifi-
cantly different between the treatment 
groups. Median hospital stay was longer in 
the ascorbic acid group compared with the 
control group (8.5 vs 6.5 days). Patients 
receiving ascorbic acid had lower mean  

IV ascorbic acid: 
  
Various dosages of IV ascorbic acid 
used in COVID-19 studies. 1 In one 
study, ascorbic acid 1.5 g IV every 6 
hours for 5 days failed to improve 
outcomes. 18 
  
Various dosages of IV ascorbic acid 
used in sepsis studies; 50 mg/kg eve-
ry 6 hours for 4 days used in CITRIS-
ALI study; 50 mg/kg (maximum 
3 g) every 12 hours for 48 hours used 
in ATESS study; 1.5 g every 6 hours 
used in VITAMINS,  HYVCTTSSS, 
ACTS, and ORANGES studies, but 
treatment duration varied by study. 
4, 8-10, 13-16 
  

Efficacy for the treatment of COVID-19 
not established. 
  
NIH COVID-19 Treatment Guidelines 
Panel states that there are insufficient 
data to recommend either for or against 
use of ascorbic acid for the treatment of 
COVID-19 in critically ill patients. The 
panel states that there are no complet-
ed controlled trials of ascorbic acid in 
patients with COVID-19, and the availa-
ble observational data are sparse and 
inconclusive. Studies of ascorbic acid in 
patients with sepsis or ARDS have 
shown variable efficacy and few safety 
concerns. 12 
  
NIH COVID-19 Treatment Guidelines 
Panel also states that there are insuffi-
cient data to recommend either for  
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   body temperature on admission and on day 
3 and higher mean SpO2 on day 3. 18 
 
Phase 3 randomized, blinded, placebo-
controlled trial (NCT03680274; LOVIT) eval-
uating effect of high-dose IV ascorbic acid 
on mortality and persistent organ dysfunc-
tion in septic ICU patients (including COVID-
19 patients);  other clinical trials of high-
dose IV ascorbic acid for treatment of 
COVID-19 (including NCT04401150 [LOVIT-
COVID]) are registered at clinicaltrials.gov. 1 
 
Oral ascorbic acid: 
  
Randomized, open-label study 
(NCT04342728; COVID A to Z) in an outpa-
tient setting in 214 adults with confirmed 
SARS-CoV-2 infection: A 10-day oral regi-
men of ascorbic acid (8 g daily given in 2 or 
3 divided doses with meals), zinc gluconate 
(50 mg at bedtime), or both supplements in 
combination failed to reduce the time re-
quired to achieve a 50% reduction in 
symptom severity compared with usual 
care alone. The mean number of days from 
peak symptom score to 50% resolution of  
symptoms (including fever/chills, cough, 
shortness of breath, and fatigue, each rat-
ed on a 4-point scale) was 5.5 days with 
ascorbic acid, 5.9 days with zinc, 5.5 days 
with ascorbic acid and zinc, or 6.7 days with 
usual care alone. Target enrollment was 
520 patients; the study was stopped early 
for futility. 17 
  
Other clinical trials of outpatient oral ascor-
bic acid treatment are registered at clinical-
trials.gov. 1 
  
Included at lower dosages as an active or 
placebo-equivalent comparator (control) in 
other COVID-19 prevention or treatment 
studies. 1 
  
Included as a component of some combina-
tion regimens being studied for prevention 
or treatment of COVID-19. 1 
  
Other infections: 
Sepsis: Meta-analysis of several small stud-
ies suggested beneficial effects from IV 
ascorbic acid.8  However, primary end  

Oral ascorbic acid: 
  
NCT04342728 (COVID A to Z): Oral 
ascorbic acid dosage of 8 g daily, 
given in 2 or 3 divided doses, did not 
reduce duration of symptoms in 
outpatients. 17 
  
NCT04395768 (outpatients): Ascorbic 
acid 1 g orally 3 times daily for 7 days 
following initial 200-mg/kg IV dose. 1 
  
Laboratory test interference:  May 
interfere with laboratory tests based 
on oxidation-reduction reactions 
(e.g., blood and urine glucose testing, 
nitrite and bilirubin concentrations, 
leukocyte counts). 11  High circulating 
vitamin C concentrations may affect 
accuracy of point-of-care glucome-
ters. 12  Manufacturer states to delay 
oxidation-reduction reaction-based 
tests until 24 hours after infusion, if 
possible. 11 
  
Sodium content: May be substantial 
with high-dose IV therapy (e.g., each 
mL of ascorbic acid 500-mg/mL injec-
tion provides 65 mg of sodium). 11 
  
Oxalate nephrolithiasis: Potential 
for prolonged, high-dose IV therapy 
to increase risk of oxalate nephro-
lithiasis or nephropathy. 11, 14 

or against use of ascorbic acid for the 
treatment of COVID-19 in noncritically ill 
patients. The panel states that the role 
of ascorbic acid in this setting is un-
known since patients who are not criti-
cally ill with COVID-19 are less likely to 
experience oxidative stress or severe 
inflammation. 12 
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   points not improved in CITRIS-ALI study 
(NCT02106975) in patients with sepsis and 
ARDS, HYVCTTSSS study (NCT03258684) in 
patients with sepsis or septic shock, or 
VITAMINS study (NCT03333278), ACTS 
study (NCT03389555), or ATESS study in 
patients with septic shock; one primary end 
point (resolution of shock [i.e., discontinu-
ance of vasopressor support]) was im-
proved but other primary end point 
(change in SOFA score) was not improved 
in ORANGES study (NCT03422159) in pa-
tients with sepsis or septic shock; variable 
findings reported with respect to certain 
primary or secondary outcomes. 9, 10, 13-16  
Additional studies under way. 4, 6 
  
Pneumonia: Limited study data available 
regarding ascorbic acid (oral) in hospital-
ized patients with pneumonia. 2, 3 
  
Common cold: Effect of oral supplementa-
tion studied extensively; decreases dura-
tion of symptoms, may decrease incidence 
of common cold in individuals under heavy 
physical stress but not in overall popula-
tion. 2, 3 

  

Azithromycin 
  
Updated 
3/11/21 

8:12.12 
Macrolides 

Antibacterial with some in 
vitro activity against some 
viruses (e.g., influenza A 
H1N1, Zika) 1, 3-5, 35 
  
Some evidence of in vitro 
activity against SARS-CoV-2 
in infected Vero E6 and 
Caco-2 cells; clinical im-
portance unclear 36 
  
Has immunomodulatory 
and anti-inflammatory 
effects, including effects on 
proinflammatory cyto-
kines; precise mechanisms 
of such effects not fully 
elucidated  2, 6, 8, 9, 11-14, 17, 35 
  
Has been used as adjunc-
tive therapy to provide 
antibacterial coverage and 
potential immunomodula-
tory and anti-inflammatory 
effects in the treatment of 
some viral respiratory tract  

Adjunctive therapy in certain respiratory 
viral infections: Although contradictory 
results reported, some evidence of benefi-
cial immunomodulatory or anti-
inflammatory effects when used in pts with 
some viral infections (e.g., influenza). 10, 12, 

13 However, in a retrospective cohort study 
in critically ill pts with laboratory-confirmed 
MERS, there was no statistically significant 
difference in 90-day mortality rates or 
clearance of MERS-CoV RNA between those 
who received macrolide therapy and those 
who did not. 12 
  
Adjunctive therapy in certain respiratory 
conditions: Some evidence of beneficial 
immunomodulatory or anti-inflammatory 
effects when used in pts with certain res-
piratory conditions (e.g., ARDS). 8  In a ret-
rospective cohort study in pts with moder-
ate or severe ARDS, a statistically signifi-
cant improvement in 90-day survival was 
reported in those who received adjunctive 
azithromycin. 8 
  
 

Adjunctive treatment in certain viral 
infections: 500 mg once daily has 
been used 13 
  
COVID-19: 500 mg on day 1, then 
250 mg once daily on days 2-5 or 500 
mg once daily for 7 days has been 
used in conjunction with a  5-, 7-, or 
10-day regimen of hydroxychloro-
quine 7, 18, 19, 23, 24, 29, 37 

Only limited information available re-
garding the frequency and microbiology 
of bacterial pulmonary coinfections or 
superinfections in pts with COVID-19. 
Empiric coverage for bacterial patho-
gens has been used, but is not required 
in all pts with confirmed COVID-19-
related pneumonia. If bacterial pneu-
monia or sepsis is strongly suspected or 
confirmed, empiric antibacterial treat-
ment should be administered. 21, 32 Alt-
hough data are limited, bacterial patho-
gens in COVID-19 pts with community-
acquired pneumonia (CAP) are likely the 
same as those seen in other pts with 
CAP. Therefore, if antibacterial coverage 
for CAP is indicated in COVID-19 pts, the 
usually recommended regimens for 
empiric treatment of CAP should be 
used. 32 Antimicrobial stewardship poli-
cies should be used to guide appropri-
ate use of antibacterials in COVID-19 
pts; such drugs should be discontinued 
if bacterial infection is not confirmed. 21 
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  infections (e.g., influenza) 
10, 13 
Has been used as adjunc-
tive therapy to provide 
antibacterial coverage and 
potential immunomodula-
tory and anti-inflammatory 
effects in the management 
of certain respiratory con-
ditions (e.g., bronchiecta-
sis, bronchiolitis, cystic 
fibrosis, COPD exacerba-
tions, ARDS) 6, 8,  17 

Clinical experience in pts with COVID-19: 
Has been used for antibacterial coverage in 
hospitalized pts with COVID-19 15 
  
Use in conjunction with hydroxychloro-
quine in pts with COVID-19: Azithromycin 
(500 mg on day 1, then 250 mg daily on 
days 2-5) has been used in addition to a 10-
day regimen of hydroxychloroquine (600 
mg daily) in an open-label nonrandomized 
study in France (6 pts), 7 open-label uncon-
trolled study in France (11 pts), 18 uncon-
trolled observational study in France (80 
pts),19 and larger uncontrolled observation-
al study in France (1061 pts).23  Data pre-
sented to date are insufficient to evaluate 
possible clinical benefits of azithromycin in 
pts with COVID-19. (See Hydroxychloro-
quine in this Evidence Table.) 
  
Use in conjunction with hydroxychloro-
quine in hospitalized pts with COVID-19:  
Data from 2 retrospective studies that ana-
lyzed outcome data for hospitalized pts in 
New York treated with hydroxychloroquine 
with or without azithromycin indicate that 
use of the 4-aminoquinoline antimalarial 
with or without azithromycin is not associ-
ated with decreased in-hospital mortality. 
30, 31  (See Hydroxychloroquine in this Evi-
dence Table.) 
  
Open-label, randomized, multicenter trial 
in adults hospitalized with severe COVID-
19 in Brazil (NCT04321278; COALITION II): 
Patients were randomized 1:1 to receive 
oral azithromycin (500 mg once daily for 10 
days) plus standard of care (n=214) or 
standard of care (control group; n=183). All 
pts received oral hydroxychloroquine (400 
mg twice daily for 10 days) as part of stand-
ard of care; concomitant use of corticoster-
oids, other immunomodulators, antibiotics 
(no macrolides), and antivirals was allowed. 
Inclusion criteria required at least one se-
verity criterion (use of oxygen supplemen-
tation at more than 4 L/minute, high-flow 
nasal cannula, noninvasive positive-
pressure ventilation, or mechanical ventila-
tion). Exclusion criteria included history of 
severe ventricular cardiac arrhythmia or 
QTc ≥480 msec in any ECG performed be-
fore randomization. The primary outcome  

 Data from various randomized, con-
trolled clinical trials and retrospective 
studies have not shown evidence of 
clinical benefit when azithromycin was 
used alone or in conjunction with hy-
droxychloroquine for the treatment of 
COVID-19 in hospitalized pts; 21, 22, 30, 31, 

34, 37, 38 there are data indicating that 
combined use of azithromycin and chlo-
roquine or hydroxychloroquine may be 
associated with an increased risk of 
adverse cardiac effects. 21, 22, 33 (See 
Hydroxychloroquine in this Evidence 
Table.) 
  
NIH COVID-19 Treatment Guidelines 
Panel recommends against use of a 
combined regimen of hydroxychloro-
quine (or chloroquine) and azithromycin 
for the treatment of COVID-19 in hospi-
talized pts and recommends against use 
of a combined regimen of hydroxychlo-
roquine (or chloroquine) and azithromy-
cin for the treatment of COVID-19 in 
nonhospitalized pts, except in the con-
text of a clinical trial. 21 
  
IDSA recommends against use of a com-
bined regimen of hydroxychloroquine 
(or chloroquine) and azithromycin for 
the treatment of COVID-19 in hospital-
ized pts. 22 
  
Because azithromycin and 4- amino-
quinolines (hydroxychloroquine, chloro-
quine) are independently associated 
with QT prolongation, caution is advised 
if considering use of azithromycin with 
one of these drugs in pts with COVID-
19, especially in outpatients who may 
not receive close monitoring and in 
those at risk for QT prolongation or 
receiving other drugs associated with 
arrhythmias. 20-22, 25-28, 33 
  
NIH panel states that macrolides 
(including azithromycin) should be used 
concomitantly with hydroxychloroquine 
(or chloroquine) only if necessary. In 
addition, because of the long half-lives 
of both azithromycin (up to 72 hours) 
and hydroxychloroquine (up to 40 days), 
caution is warranted even when the  
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   was clinical status at day 15 based on a 6-
level ordinal scale that ranged from not 
hospitalized (1) to death (6); the key sec-
ondary outcome was mortality at day 29. 
Results for the modified intention-to-treat 
(mITT) population (i.e., those with con-
firmed COVID-19) indicated that addition of 
azithromycin to standard of care was not 
superior to standard of care alone. At day 
15, there was no difference in the propor-
tional odds of being in higher categories on 
the 6-point ordinal scale between the 
azithromycin group and control group. At 
day 29, 42% of pts in the azithromycin 
group and 40% of those in the control 
group had died. There also was no differ-
ence between the groups in the proportion 
of pts with QTc interval prolongation (20% 
in azithromycin group and 21% in control 
group). 34 
  
Azithromycin in randomized, controlled, 
open-label, adaptive, platform trial 
(NCT04381936; RECOVERY): This study is 
enrolling pts with suspected or confirmed 
COVID-19 from 176 hospitals in the UK. In 
the azithromycin arm (now terminated), 
2582 pts were randomized to receive 
azithromycin (500 mg by mouth, NG tube, 
or IV once daily for 10 days or until dis-
charge, whichever came first) plus standard 
of care and 5181 pts were randomized to 
standard of care alone. The primary out-
come was all-cause mortality at day 28. 
Results of this study indicated that 
azithromycin is not an effective treatment 
for pts hospitalized with COVID-19. There 
was no difference in the 28-day mortality 
rate between the azithromycin plus stand-
ard of care group and the standard of care 
alone group (22% in both groups). In addi-
tion, the time to hospital discharge was 
similar (median 10 days in the azithromycin 
group and 11 days in the standard of care 
alone group) and, in those not requiring 
mechanical ventilation at baseline, azithro-
mycin did not decrease the risk of progres-
sion to mechanical ventilation or death 
(25% in azithromycin group vs 26% in 
standard of care alone group). Results were 
consistent across all prespecified pt sub-
groups (age; sex; ethnicity; and symptom 
duration, level of respiratory support, and  

 drugs are used sequentially. The panel 
states that use of doxycycline (instead 
of azithromycin) should be considered 
for empiric therapy of atypical pneumo-
nia in COVID-19 pts receiving hy-
droxychloroquine (or chloroquine). 21 
  
The benefits and risks of a combined 
regimen of azithromycin and hy-
droxychloroquine (or chloroquine) 
should be carefully assessed; if the regi-
men is used, diagnostic testing and 
monitoring are recommended to mini-
mize risk of adverse effects, including 
drug-induced cardiac effects. 20-22, 25-28, 33 

(See Hydroxychloroquine in this Evi-
dence Table.) 
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   use of corticosteroids at time of randomiza-
tion). 38 
  
Azithromycin in randomized, controlled, 
open-label, adaptive, platform trial in the 
UK (PRINCIPLE): Adult outpatients with 
PCR-confirmed or suspected COVID-19 and 
ongoing symptoms for ≤14 days who were 
considered at increased risk of adverse 
outcomes (i.e., ≥65 years of age or ≥50 
years of age with at least one comorbidity) 
were randomly assigned to various inter-
ventions with usual care or usual care 
alone. Patients randomized to the azithro-
mycin intervention arm received oral 
azithromycin (500 mg once daily for 3 days) 
with usual care, and results were compared 
with those for pts randomized to usual care 
alone. The two coprimary end points were 
time to first self-reported recovery and 
COVID-19-related hospital admission or 
death (both end points measured within 28 
days after randomization). Results of this 
study indicated that use of azithromycin in 
symptomatic outpatients with known or 
suspected COVID-19 did not provide bene-
fits in terms of reducing time to recovery 
or risk of hospitalization. A Bayesian pri-
mary analysis for 500 pts treated with 
azithromycin and usual care and 823 pts 
treated with usual care alone indicated that 
80% of those who received azithromycin 
and 77% of those who received usual care 
alone reported feeling recovered within 28 
days (median time to first reported recov-
ery was 7 and 8 days, respectively); 3% of 
pts in each group were hospitalized within 
28 days; there were no deaths in either 
group. Enrollment in the azithromycin arm 
of the study was terminated when anal-
yses indicated the prespecified criterion 
for futility was met. 39 
  
  
Various clinical trials evaluating azithro-
mycin alone or in conjunction with other 
drugs for treatment of COVID-19 are regis-
tered at clinicaltrials.gov. 29 
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Baricitinib 
  
(Olumiant®) 
  
Updated 
2/25/21 

92:36 Disease- 
modifying Anti
-rheumatic 
Drug 

Janus kinase (JAK) 1 and 2 
inhibitor; disrupts regula-
tors of endocytosis (AP2- 
associated protein kinase 1 
[AAK1] and cyclin G-
associated kinase [GAK]), 
which may help reduce 
viral entry and inflamma-
tion; also may interfere 
with intracellular virus 
particle assembly 1, 2 
  
Inhibits JAK1 and JAK2-
mediated cytokine release; 
may combat cytokine re-
lease syndrome (CRS) in 
severely ill patients 1, 2, 4, 5 
  
Ability to inhibit a variety 
of proinflammatory cyto-
kines, including interferon, 
has been raised as a possi-
ble concern with the use of 
JAK inhibitors in the man-
agement of hyperinflam-
mation resulting from viral 
infections such as COVID-
19 5 

There is some clinical trial evidence that 
baricitinib may be beneficial in the treat-
ment of patients with COVID-19 11, 13, 18, 19, 24 
  
In a small (12 patients) open-label study in 
Italy (NCT04358614), use of baricitinib (4 
mg orally once daily for 2 weeks) in combi-
nation with lopinavir/ritonavir was evaluat-
ed in patients with moderate COVID-19 
pneumonia.13, 14  Baricitinib was well toler-
ated with no serious adverse events report-
ed.13 At week 1 and week 2, patients who 
received baricitinib had significant improve-
ment in respiratory function parameters 
and none of the patients required ICU sup-
port.13 
  
Phase 3 adaptive, randomized, double-
blind trial compared a regimen of 
remdesivir alone vs a regimen of 
remdesivir with baricitinib in hospitalized 
adults (NCT04401579; ACTT-2):  Inclusion 
criteria included laboratory-confirmed 
SARS-CoV-2 infection with at least one of 
the following: radiographic infiltrates by 
imaging, SpO2 ≤94% on room air, or requir-
ing supplemental oxygen,  mechanical ven-
tilation, or ECMO. Patients were random-
ized 1:1 to receive remdesivir (200 mg IV 
on day 1, then 100 mg IV once daily for a 
total treatment duration of 10 days or until 
hospital discharge) with  either baricitinib 
(4 mg orally once daily for 14 days or until 
hospital discharge) with  either baricitinib 
(4 mg orally or through a nasogastric tube 
once daily for 14 days or until hospital dis-
charge) or placebo. 17, 19, 24  The primary end 
point was time to recovery through day 29 
(defined as discharged without limitations 
on activities, discharged with limitations on 
activities and/or requiring home oxygen, or 
still hospitalized but not requiring supple-
mental oxygen and no longer requiring 
ongoing medical care). Data for 1033 pa-
tients in the intent-to-treat population (515 
in the remdesivir and baricitinib group and 
518 in the remdesivir alone group) indicate 
that those who received the combined 
regimen were more likely to have better 
clinical outcomes than those who received 
remdesivir alone. Use of the combined 
regimen of remdesivir and baricitinib met 
the primary end point of reduced time to  

Therapeutic dosages of baricitinib (2 
or 4 mg orally once daily) are suffi-
cient to inhibit AAK1 1, 2, 5 
  
Optimal dosage and duration for 
treatment of COVID-19 not known 
(see Trials or Clinical Experience) 
  
Emergency use authorization (EUA) 
baricitinib dosage  for use in combi-
nation with remdesivir for treat-
ment of COVID-19 in hospitalized 
adults and pediatric patients ≥9 
years of age: 4 mg orally once daily 
for 14 days or until hospital dis-
charge, whichever comes first. For 
pediatric patients 2 to <9 years of 
age, 2 mg orally once daily for 14 
days or until hospital discharge, 
whichever comes first. Not author-
ized for pediatric patients <2 years of 
age.   Dosage adjustment is neces-
sary for laboratory abnormalities, 
including renal and hepatic impair-
ment. Consult the baricitinib EUA 
fact sheet for healthcare providers 
for additional dosage adjustment 
information. 19 
  
NIH COVID-19 Treatment Guidelines 
Panel states that there are limited 
data on concurrent use of baricitinib 
and potent OAT3 inhibitors and that 
such combined use is generally not 
recommended. 11 If baricitinib and 
potent OAT3 inhibitors are used in 
combination, the EUA and NIH Panel 
recommend adjustment of baricitinib 
dosage. 11, 19 
  
  

Emergency use authorization (EUA) for 
baricitinib in combination with 
remdesivir: FDA issued an EUA on No-
vember 19, 2020 that permits use of 
baricitinib in combination with 
remdesivir for treatment of suspected 
or laboratory-confirmed COVID-19 in 
hospitalized adults and pediatric pa-
tients ≥2 years of age requiring supple-
mental oxygen, invasive mechanical 
ventilation, or extracorporeal mem-
brane oxygenation (ECMO). FDA states 
that, based on review of data from a 
randomized, double-blind, placebo-
controlled trial comparing baricitinib in 
combination with remdesivir to 
remdesivir alone (NCT04401579; ACTT-
2), baricitinib data that were reviewed 
for the FDA-approved indication of 
rheumatoid arthritis, and data from 
populations studied for other indica-
tions (including pediatric patients), it is 
reasonable to believe that baricitinib 
may be effective in combination with 
remdesivir for the treatment of suspect-
ed or laboratory-confirmed COVID-19 in 
the patient population specified in the 
baricitinib EUA and, when used under 
the conditions described in the EUA, the 
known and potential benefits of bari-
citinib when used to treat COVID-19 in 
such patients outweigh the known and 
potential risks. 18 
  
Consult the baricitinib EUA letter of 
authorization, 18 EUA fact sheet for 
healthcare providers, 19 and EUA fact 
sheet for patients, parents and caregiv-
ers 20 for additional information. 
  
NIH COVID-19 Treatment Guidelines 
Panel states that data are insufficient 
to recommend either for or against the 
use of baricitinib in combination with 
remdesivir for the treatment of COVID-
19 in hospitalized patients when corti-
costeroids can be used. In rare circum-
stances when corticosteroids cannot be 
used, the panel recommends use of 
baricitinib in combination with 
remdesivir for the treatment of COVID-
19 in hospitalized nonintubated patients 
who require oxygen supplementation. 
(See Remdesivir in this Evidence Table.)  
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   recovery compared with use of remdesivir 
alone (median time to recovery was 7 days 
in those receiving the combined regimen vs 
8 days in those receiving remdesivir). Pa-
tients treated with combined remdesivir 
and baricitinib were also more likely to 
have a better clinical status at day 15 com-
pared with those receiving remdesivir 
alone. The proportion of patients who pro-
gressed to ventilation (noninvasive or inva-
sive) by day 29 was lower in patients re-
ceiving combined remdesivir and bari-
citinib.  In addition, the mortality rate at 
day 29 was 4.7% in those treated with the 
combined regimen and 7.1% in those treat-
ed with remdesivir alone.19, 24 Based on 
results of this trial and other data, FDA 
issued an emergency use authorization 
(EUA) for baricitinib that permits use of the 
drug in combination with remdesivir. 18 
  
Adaptive phase 2/3 clinical trial: Open-
label study planned to evaluate safety and 
efficacy of baricitinib in hospitalized pa-
tients with COVID-19 (NCT04340232) 6 
  
A randomized, double-blind, placebo-
controlled, phase 3 trial (COV-BARRIER; 
NCT04421027) sponsored by the manufac-
turer (Lilly) is currently under way to eval-
uate the efficacy and safety of baricitinib in 
hospitalized adults with COVID-19 who 
have at least one elevated marker of in-
flammation but do not require mechanical 
ventilation upon study entry. Targeted 
enrollment is 400 patients; study will be 
conducted in the U.S., Europe, and Latin 
America.  Patients in the baricitinib treat-
ment arm will receive an oral dosage of 4 
mg daily for up to 14 days or until hospital 
discharge in addition to their background 
therapy. 15, 16 
  
Various clinical trials evaluating baricitinib 
alone or in conjunction with other drugs 
for treatment of COVID-19 are registered 
at clinicaltrials.gov. 25 
  

 The panel recommends against the use 
of baricitinib without remdesivir, except 
in a clinical trial. The panel states that 
there are insufficient data to recom-
mend either for or against use of bari-
citinib in combination with corticoster-
oids for the treatment of COVID-19.  
Because both baricitinib and cortico-
steroids are potent immunosuppres-
sants, there is potentially an additive 
risk of infection. 11 
  
NIH COVID-19 Treatment Guidelines 
Panel states that use of baricitinib is 
not recommended in patients with he-
patic or renal impairment (GFR <60 mL/
min/1.73 m2) (see Dosage). 11 
  
Minimal interaction with CYP enzymes 
and drug transporters and low protein 
binding of baricitinib allow for com-
bined use with antiviral agents and 
many other drugs; 4, 14  however, dosage 
adjustment recommended when used 
with strong OAT3 inhibitors 11, 19 
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Colchicine 
  
Updated 
4/30/21 

92:16 An-
tigout Agents 

Exerts broad anti-
inflammatory and im-
munomodulatory effects 
through multiple mecha-
nisms, including inhibition 
of NOD-like receptor pro-
tein 3 (NLRP3) inflam-
masome assembly and 
disruption of cytoskeletal 
functions through inhibi-
tion of microtubule 
polymerization 2,3,5,6 
  
May combat the hyper-
inflammatory state of 
COVID-19 (e.g., cytokine 
storm) by suppressing 
proinflammatory cytokines 
and chemokines 2 
  
NLRP3 inflammasome acti-
vation results in release of 
interleukins, including IL-
1β 3,5,6,8,11 
  
In experimental models of 
acute respiratory distress 
syndrome/acute lung inju-
ry (ARDS/ALI), the NLRP3 
inflammasome had a major 
role in the development of 
lung injury 3,11 
  
Potential to limit COVID-19
-related myocardial dam-
age also has been hypothe-
sized 2,3  based on the 
drug’s mechanisms of ac-
tion and promising results 
of ongoing research on 
colchicine in various cardi-
ac conditions 3,6-10, 19 
  
SARS-CoV-1 envelope (E) 
protein, a viroporin in-
volved in replication and 
virulence, activates the 
NLRP3 inflammasome in 
vitro in Vero E6 cells by 
forming calcium-
permeable ion channels, 
leading to increased IL-1β 
production 2,12,13 
  

Limited anecdotal experience and clinical 
trial data reported to date in COVID-19; 
results pending from multiple clinical trials.  
2, 4, 16, 17, 24 
On March 5, 2021, researchers announced 
that enrollment into the colchicine arm of 
the RECOVERY trial had been halted on the 
advice of the data monitoring committee 
(DMC) when a preliminary analysis re-
vealed no difference in mortality between 
hospitalized patients receiving colchicine 
for treatment of COVID-19 and those re-
ceiving usual care alone; full data are not 
available yet, but the researchers stated 
that the DMC found no convincing evi-
dence that further recruitment would pro-
vide conclusive proof of worthwhile mortal-
ity benefit overall or in any prespecified 
subgroup. 26, 27 
  
Retrospective review of computerized 
healthcare database found no difference in 
baseline use of colchicine (0.53 vs 0.48%) 
between patients with a positive RT-PCR 
result for SARS-CoV-2 (n = 1317) and those 
with a negative result (n = 13,203), sug-
gesting a lack of protective effect for colchi-
cine against SARS-Cov-2 infection; indica-
tion for and duration of colchicine use were 
unknown 15 
  
Hospitalized Patients: 
  
Several single-center, proof-of-concept or 
small comparative cohort studies conduct-
ed in hospitalized patients with COVID-19 
suggest beneficial effects of colchicine on 
mortality and other clinical outcomes; 20-22  
in one observational study (not peer re-
viewed), mortality rate in patients with 
COVID-19 pneumonia was numerically 
lower in those receiving colchicine com-
pared with those not receiving the drug, 
but the effect of the drug was not statisti-
cally significant; 80% of patients in the 
study received corticosteroids. 23  The stud-
ies had substantial limitations, and larger 
well-designed studies are needed to fur-
ther evaluate efficacy. 20-23 
  
Open-label, randomized, 16-hospital clini-
cal trial (NCT04326790, GRECCO-19) in 
hospitalized adults with RT-PCR-confirmed  

Dosage in NCT04326790 (GRECCO-
19): Colchicine loading dosage: 1.5 
mg followed in 1 hour by 0.5 mg 
(reduced to a single 1-mg dose in 
those receiving azithromycin); 
maintenance dosage: 0.5 mg twice 
daily (reduced to 0.5 mg once daily in 
those weighing <60 kg) until hospital 
discharge or maximum of 21 days 17 
  
Dosage in another ongoing trial:  
Colchicine 0.5 mg 3 times daily for 5 
days, then 0.5 mg twice daily for 5 
days (initial dose is 1 mg if body 
weight ≥80 kg); dosage is reduced for 
renal impairment. 18 
  
Dosage in NCT04322682 
(COLCORONA): Colchicine 0.5 mg 
orally twice daily for 3 days, then 0.5 
mg once daily for 27 days 1 ,  24 
  
Other studies are evaluating various 
colchicine dosages and durations for 
treatment of COVID-19 2 
  
Consider possible need for colchicine 
dosage adjustment; 2 manufacturer-
recommended dosages for labeled 
indications depend on patient's age, 
renal and hepatic function, and con-
comitant use of interacting drugs, 
including protease inhibitors (e.g., 
lopinavir/ritonavir), other moderate 
or potent CYP3A4 inhibitors, and P-
glycoprotein (P-gp) inhibitors 5 
  
Use of colchicine in patients with 
renal or hepatic impairment receiv-
ing P-gp inhibitors or potent CYP3A4 
inhibitors is contraindicated 5 

Safety and efficacy for treatment of 
COVID-19 not established 
  
The potential for toxic doses of colchi-
cine to affect alveolar type II pneumo-
cytes (which may inhibit surfactant re-
lease and contribute to ARDS) and in-
crease the risk of multiple-organ failure 
and disseminated intravascular coagula-
tion (DIC) has been raised as a possible 
concern with the use of colchicine in 
COVID-19 patients 14 
  
** NIH COVID-19 Treatment Guidelines 
Panel states that there are insufficient 
data to recommend either for or against 
use of colchicine for the treatment of 
nonhospitalized patients with COVID-
19. 
The COLCORONA trial did not reach its 
primary efficacy end point of reducing 
hospitalizations and death, although a 
slight reduction in hospitalizations was 
observed in the subset of patients with 
PCR-confirmed disease. 28 
  
** NIH COVID-19 Treatment Guidelines 
Panel recommends against use of col-
chicine in hospitalized patients for the 
treatment of COVID-19, except in a 
clinical trial. 28 
  
** Pregnancy: Limited data are availa-
ble on use of colchicine during pregnan-
cy; data are lacking on use in pregnant 
women with acute COVID-19.  Fetal risk 
cannot be ruled out. 5, 28 
  
** Pediatric use: Colchicine use in chil-
dren is limited mainly to treatment of 
familial Mediterranean fever; data are 
lacking on use for treatment of acute 
COVID-19 or multisystem inflammatory 
syndrome in children (MIS-C). 28 
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   COVID-19: 55 patients received colchicine 
plus standard treatment and 50 received 
standard treatment alone; colchicine was  
administered orally as a loading dose of 1.5 
mg followed in 1 hour by 0.5 mg (reduced 
to a single 1-mg dose in those receiving 
azithromycin) followed by a maintenance 
dosage of 0.5 mg twice daily (reduced to 
0.5 mg once daily in those weighing <60 kg) 
until hospital discharge or for a maximum 
of 21 days. Most patients also received 
chloroquine or hydroxychloroquine (98%) 
and azithromycin (92%). Clinical deteriora-
tion (2-grade increase on a 7-grade ordinal 
scale) was observed in a greater propor-
tion of control patients than colchicine-
treated patients (7 patients [14%] vs 1 
patient [1.8%]); cumulative 10-day event-
free survival was higher with colchicine 
than with control (97 vs 83%). Baseline 
score on the 7-grade scale was 3 or 4 in 
97% of study patients. No difference ob-
served between the groups in baseline or 
peak high-sensitivity cardiac troponin or 
peak C-reactive protein concentration. 
Small number of clinical events limited the 
statistical robustness of the results. 17 
  
Interim analysis (not peer reviewed) of a 
single-center, randomized, double-blind, 
placebo-controlled trial in hospitalized 
adults with moderate to severe, RT-PCR-
confirmed COVID-19 with pneumonia (not 
requiring ICU admission): Analysis of first 
38 patients randomized 1:1 to colchicine or 
placebo indicated shorter duration of oxy-
gen supplementation (3 vs 7 days) and 
shorter hospital stay (6 vs 8.5 days) in 
colchicine group vs placebo group. One 
patient in each group required ICU admis-
sion. Median duration of symptoms prior to 
treatment was 9 days (colchicine group) or 
7 days (placebo group). Colchicine dosage 
was 0.5 mg 3 times daily for 5 days, then 
0.5 mg twice daily for 5 days (initial dose 
was 1 mg if body weight ≥80 kg); dosage 
was reduced for renal impairment. Stand-
ard concomitant treatment included 7-day 
azithromycin regimen, up to 10-day hy-
droxychloroquine regimen, and heparin 
with or without methylprednisolone 
(depending on oxygenation status). 18 
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   Nonhospitalized Patients: 
  
Uncontrolled case series: 9 patients in 
community setting with COVID-19 received 
colchicine (1 mg orally every 12 hours on 
day 1, then 1 mg daily until third day of 
temperature <37.5°C); colchicine was initi-
ated at a median of 8 days (range: 6-13 
days) after symptom onset and after 3-5 
days of spiking fever despite acetamino-
phen or antibiotic treatment. Deferves-
cence occurred within 72 hours in all pa-
tients. One patient was hospitalized be-
cause of persistent dyspnea and discharged 
after 4 days of oxygen therapy. Basis for 
diagnosis of COVID-19 not stated. 16 
  
Phase 3, randomized, double-blind, place-
bo-controlled study (NCT04322682; COL-
CORONA) (not peer reviewed): A total of 
4488 adult outpatients (including 4159 
patients with PCR-confirmed COVID-19) 
with at least 1 high-risk criterion were ran-
domized within 24 hours of COVID-19 diag-
nosis to receive colchicine (0.5 mg twice 
daily for 3 days, then 0.5 mg once daily for 
27 days) or placebo. The mean time from 
symptom onset to enrollment was 5.3 days. 
The primary end point was the composite 
of death or hospitalization due to COVID-19 
within 30 days after randomization. Investi-
gators (not the data safety monitoring 
board) decided to halt enrollment for logis-
tical reasons prior to reaching the target of 
6000 patients. In the intention-to-treat 
population, colchicine did not result in a 
statistically significant reduction in the 
composite end point of death or hospitali-
zation due to COVID-19 compared with 
placebo (4.7 vs 5.8%, respectively) or in the 
individual end points of death, hospitaliza-
tion due to COVID-19, or need for mechani-
cal ventilation. In those with PCR-confirmed 
COVID-19, a statistically significant differ-
ence was observed between the colchicine 
and placebo groups in the composite end 
point of death or hospitalization (4.6 vs 6%, 
respectively) and in the rate of hospitaliza-
tion, but not in the individual end points of 
death or need for mechanical ventilation. 
Pulmonary embolism occurred in 11 pa-
tients receiving colchicine compared with 2 
placebo recipients. 24, 25 
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   Other registered randomized, parallel-
group studies are evaluating the effects of 
colchicine on various outcome measures 
(e.g., mortality, markers of myocardial 
damage, clinical status, need for mechani-
cal ventilation, duration of hospitalization) 
in patients with COVID-19. 2,3 

  

Corticoster-
oids 
(systemic) 
  
Updated 
4/30/21 

68:04 
Adrenals 

Potent anti-inflammatory 
and antifibrotic properties; 
use of corticosteroids may 
prevent an extended cyto-
kine response and may 
accelerate resolution of 
pulmonary and systemic 
inflammation in pneumo-
nia 3, 9 
  
Evidence suggests that 
cytokine storm, a hyperin-
flammatory state resem-
bling secondary hemopha-
gocytic lymphohistiocytosis 
(HLH), is a contributing 
factor in COVID-19-
associated mortality. 8, 18 
Immunosuppression from 
corticosteroids has been 
proposed as a treatment 
option for such hyperin-
flammation. 18 
  
May improve dysregulated 
immune response caused 
by sepsis  (possible compli-
cation of infection with  
COVID-19)  and increase BP 
when low 4, 11 

Observational studies in other respiratory 
infections (e.g., SARS, MERS, influenza): In 
these studies, corticosteroid use was asso-
ciated with no survival benefit and possible 
harm (e.g., delayed viral clearance, avascu-
lar necrosis, psychosis, diabetes). 1, 24, 25 
  
  
Randomized controlled studies in acute 
respiratory distress syndrome  (ARDS):  
Systemic corticosteroid therapy has been 
studied in several randomized controlled 
studies for the treatment of ARDS; overall 
evidence is low to moderate in quality and 
most studies were performed prior to 
widespread implementation of lung protec-
tion strategies. 5, 8,  9,  14, 17 
  
  
Randomized, controlled, open-label, adap-
tive trial with a Dexamethasone arm 
(NCT04381936; RECOVERY): This trial was 
conducted to evaluate the effect of poten-
tial treatments (including low-dose dexa-
methasone) on all-cause mortality in hospi-
talized patients with COVID-19.  The study 
enrolled patients with suspected or con-
firmed COVID-19 from 176 hospitals in the 
UK. In the dexamethasone treatment arm, 
2104 patients were randomized to receive 
dexamethasone (6 mg once daily orally or 
IV for up to 10 days) plus standard care and 
4321 patients were randomized to receive 
standard care alone. Preliminary data anal-
ysis indicates that overall 28-day mortality 
was reduced in patients receiving dexame-
thasone compared with those receiving 
standard care alone with the greatest ben-
efit observed in patients requiring mechan-
ical ventilation at enrollment.  Overall, 
22.9% of patients receiving dexamethasone 
and 25.7% of those receiving standard care 
died within 28 days of study enrollment. In 
patients receiving dexamethasone, the 
incidence of death was lower than that in 
the standard care group among those  

The NIH COVID-19 Treatment Guide-
lines Panel recommends an IV or oral 
Dexamethasone dosage of 6 mg 
daily for up to 10 days or until hos-
pital discharge, whichever comes 
first, in COVID-19 patients requiring 
mechanical ventilation and in pa-
tients who require supplemental 
oxygen but who are not mechanically 
ventilated. Although the clinical ben-
efits of other corticosteroids (e.g., 
hydrocortisone, methylprednisolone, 
prednisone) are not clear, the panel 
recommends using total daily dosag-
es of these drugs equivalent to dexa-
methasone 6 mg (IV or oral) as fol-
lows: 

 
Hydrocortisone 160 mg, 
Methylprednisolone 32 mg, or 
Prednisone 40 mg. Based on half-life 
and duration of action, frequency of 
administration varies among these 
corticosteroids. Dexamethasone is 
long-acting and administered once 
daily. Methylprednisolone and Pred-
nisone are intermediate-acting and 
administered once daily or in 2 divid-
ed doses daily. Hydrocortisone is 
short-acting and administered in 2-4 
divided doses daily. 24 
  
Regimens used in early cases of 
COVID-19 in China were typically 
methylprednisolone 40-80 mg IV 
daily for a course of 3-6 days.   Some 
experts suggest that equivalent dos-
ages of dexamethasone (i.e., 7-15 mg 
daily, typically 10 mg daily) may 
have an advantage of producing less 
fluid retention, since dexamethasone 
has less mineralocorticoid activity. 8  

This dosage of dexamethasone is 
consistent with those used in the 
DEXA-ARDS trial. 8, 17 However, lower  

Data on the use of corticosteroids in 
COVID-19 are limited. 3, 5, 7, 24, 25  The 
benefits and risks of corticosteroid ther-
apy should be carefully weighed before 
use in patients with COVID-19. 1, 7 
  
NIH, CDC, WHO, IDSA, and other experts 
have issued guidelines for the use of 
corticosteroids in patients with COVID-
19 based on the currently available 
information.  Recommendations are 
made according to the severity of ill-
ness, indications, and underlying medi-
cal conditions and should be considered 
on a case-by-case basis. 1, 2, 8, 12, 24, 25, 43 
  
Non-severe or non-critical patients: 
Corticosteroids generally should not be 
used in the treatment of early or mild 
disease since the drugs can inhibit im-
mune response, reduce pathogen clear-
ance, and increase viral shedding. 3, 8, 24 
  
The NIH COVID-19 Treatment Guide-
lines Panel recommends against the use 
of dexamethasone or other corticoster-
oids in nonhospitalized patients with 
mild to moderate COVID-19 or in hospi-
talized patients with COVID-19 who do 
not require supplemental oxygen. 24 
  
The WHO Guideline Development 
Group suggests not using systemic corti-
costeroids in the treatment of patients 
with non-severe COVID-19, regardless 
of hospitalization status. However, if the 
clinical condition of such non-severe 
patients worsens (e.g., increased respir-
atory rate, signs of respiratory distress, 
or hypoxemia), systemic corticosteroids 
are recommended for treatment. The 
WHO Guideline Development Group 
recommends against discontinuing sys-
temic corticosteroids in patients with 
non-severe COVID-19 who are receiving 
systemic corticosteroids for chronic  
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   receiving invasive mechanical ventilation 
(29.3 vs 41.4%) and among those receiving 
supplemental oxygen without invasive 
mechanical ventilation (23.3 vs 26.2%).  

However, no survival benefit was observed 
with dexamethasone and there was a pos-
sibility of harm in patients who did not 
require respiratory support at enrollment; 
the incidence of death in such patients 
receiving dexamethasone compared with 
standard care was 17.8 vs 14%, respective-
ly.  Dexamethasone was associated with a 
reduction in 28-day mortality among pa-
tients with symptoms for >7 days com-
pared with those having more recent symp-
tom onset. Dexamethasone treatment also 
was associated with a shorter duration of 
hospitalization and a greater probability of 
discharge within 28 days with the greatest 
effect observed among patients receiving 
invasive mechanical ventilation at baseline. 
24, 32, 33    Note:  Data regarding potential 
adverse effects, efficacy in combination 
with other treatments (e.g., remdesivir), 
and efficacy in other patient populations 
(e.g., pediatric patients and pregnant wom-
en) not available to date. 24 
  
Dexamethasone randomized, controlled, 
open-label, multicenter study 
(NCT04327401; CoDEX): This trial was con-
ducted to determine whether IV dexame-
thasone increases the number of ventilator
-free days among patients with COVID-19-
associated ARDS. The study enrolled adults 
with COVID-19 and moderate or severe 
ARDS who were receiving mechanical venti-
lation from 41 ICUs in Brazil. In the dexa-
methasone treatment arm, 151 patients 
were randomized to receive dexame-
thasone (20 mg IV once daily for 5 days 
followed by 10 mg IV once daily for another 
5 days or until ICU discharge) plus standard 
care; 148 patients were randomized to 
receive standard care alone. The primary 
study end point was ventilator-free days 
(defined as number of days alive and free 
from mechanical ventilation) during the 
first 28 days. Preliminary data analysis indi-
cates that use of IV dexamethasone plus 
standard care was associated with a higher 
mean number of ventilator-free days (6.6 
days) compared with those receiving  

dosages of dexamethasone (i.e., 6 
mg once daily for 10 days) were used 
in the RECOVERY trial. 32, 33 
  
Higher dosages of IV Dexamethasone 
(i.e., 20 mg once daily for 5 days 
followed by 10 mg once daily for an 
additional 5 days or until ICU dis-
charge, whichever came first) were 
used in the CoDEX trial in patients 
with COVID-19 and moderate or 
severe ARDS. 39 
 
Continuous IV infusion of Hydrocorti-
sone 200 mg/day for 7 days, fol-
lowed by 100 mg/day for 4 days, and 
then 50 mg/day for 3 days (total of 
14 days) was used in the CAPE COVID 
study. If a patient’s respiratory and 
general status sufficiently improved 
by day 4, a shorter treatment regi-
men of Hydrocortisone was used at a 
dosage of 200 mg/day for 4 days 
followed by 100 mg/day for 2 days 
and then 50 mg/day for 2 days (total 
of 8 days). 40 
  
A fixed dosage of IV Hydrocortisone 
(50 or 100 mg every 6 hours for 7 
days) or a shock-dependent regimen 
of IV hydrocortisone (50 mg every 6 
hours for up to 28 days in the pres-
ence of clinically evident shock) was 
used in the REMAP-CAP study. 41 
  
  
  
  

conditions (e.g., COPD, autoimmune 
diseases). 43 
  
Severely or critically ill patients: The 
Surviving Sepsis Campaign COVID-19 
subcommittee (a joint initiative of the 
Society of Critical Care Medicine and the 
European Society of Intensive Care 

Medicine) supports a strong recom-
mendation to use a short course of sys-
temic corticosteroids over not using 
corticosteroids in adults with severe or 
critical COVID-19. 52   However, these 
experts generally support a weak rec-
ommendation to use dexamethasone 
over other systemic corticosteroids 
when such therapy is considered for the 
treatment of adults with severe or criti-
cal COVID-19. 52  If dexamethasone is 
not available, these experts state that 
clinicians may use other systemic corti-
costeroids at dosages equivalent to 
dexamethasone 6 mg  daily for up to 10 
days. 52 
  
Based on findings to date from the RE-
COVERY trial, the NIH COVID-19 Treat-
ment Guidelines Panel recommends the 
use of dexamethasone (6 mg daily for 
up to 10 days or until hospital discharge, 
whichever comes first) in patients with 
COVID-19 who are receiving mechanical 
ventilation or in those who require sup-
plemental oxygen but are not on me-
chanical ventilation. 24  (See Remdesivir 
in this Evidence Table for recommenda-
tions from the NIH guidelines panel 
regarding use of dexamethasone with 
or without remdesivir in COVID-19 pa-
tients based on disease severity.) 
  
**Based on findings to date from the 
RECOVERY and REMAP-CAP studies, 
the NIH COVID-19 Treatment Guide-
lines Panel recommends the use of 
dexamethasone with or without 
remdesivir in hospitalized patients 
requiring oxygen delivery through a 
high-flow device or noninvasive venti-
lation. For such patients who were 
recently hospitalized with rapidly in-
creasing oxygen needs and systemic 
inflammation, the panel also  
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   standard care alone (4 days). Although 
there was no significant difference in all-
cause mortality at 28 days between the 
treatment groups, the trial was terminated 
early after results of the RECOVERY trial 
became available and, therefore, likely 
underpowered to determine secondary 
outcomes such as mortality. Dexame-
thasone was not associated with an in-
creased risk of adverse effects in this study 
population of critically ill COVID-19 pa-
tients. 24, 39 
  
Hydrocortisone randomized, double-blind 
sequential trial (NCT02517489; CAPE 
COVID): This trial was conducted to evalu-
ate the effect of low-dose hydrocortisone 
compared with placebo on treatment fail-
ure in critically ill patients with COVID-19-
related acute respiratory failure. The study 
enrolled adults with COVID-19-associated 
acute respiratory failure from 9 ICUs in 
France. In the hydrocortisone treatment 
arm, 76 patients received a continuous IV 
infusion of hydrocortisone at an initial dos-
age of 200 mg/day for 7 days followed by 
100 mg/day for 4 days, and then 50 mg/day 
for 3 days (total of 14 days; some patients 
received a shorter regimen); 73 patients 
received placebo. The primary study end 
point was treatment failure (defined as 
death or persistent dependency on me-
chanical ventilation or high-flow oxygen 
therapy) on day 21. Treatment failure on 
day 21 occurred in 42.1% of patients in the 
hydrocortisone group compared with 
50.7% of patients in the placebo group. The 
difference between the treatment groups 
was not statistically significant; however, 
the study was discontinued early after re-
sults of the RECOVERY trial were an-
nounced and, therefore, likely underpow-
ered to determine a statistically and clini-
cally important difference in the primary 
outcome. 24, 40 
  
Hydrocortisone multicenter, ongoing, in-
ternational open-label trial using a ran-
domized, embedded multifactorial adap-
tive platform (NCT02735707; REMAP-CAP): 
This trial randomized patients to multiple 
interventions within multiple domains. In 
the COVID-19 corticosteroid domain, adults  

 recommends the addition of tocili-
zumab to either monotherapy with 
dexamethasone or combination thera-
py with dexamethasone and 
remdesivir. The NIH panel also recom-
mends use of 
dexamethasone plus tocilizumab for 
hospitalized patients with COVID-19 
who are receiving invasive mechanical 
ventilation or ECMO and who are with-
in 24 hours of ICU admission with rapid 
respiratory decompensation 24 (See 
Tocilizumab in this Evidence Table for 
recommendations from the NIH guide-
lines panel regarding use of dexame-
thasone with tocilizumab in COVID-19 
patients.) 
  
The NIH guidelines panel states that 
prolonged use of systemic corticoster-
oids in patients with COVID-19 may 
increase the risk of reactivation of latent 
infections (e.g., hepatitis B virus [HBV], 
herpesvirus, strongyloidiasis, tuberculo-
sis). The risk of reactivation of latent 
infections following a 10-day course of 
dexamethasone (6 mg once daily) is not 
well established. When initiating dexa-
methasone in patients with COVID-19, 
appropriate screening and treatment to 
reduce the risk of Strongyloides hyper-
infection in those at high risk of strongy-
loidiasis (e.g., patients from tropical, 
subtropical, or warm, temperate re-
gions or those engaged in agricultural 
activities) or fulminant reactivations of 
HBV should be considered. 24, 37, 38 
  
The NIH guidelines panel also states 
that it is not known at this time whether 
other corticosteroids will have a similar 
benefit as dexamethasone. However, if 
dexamethasone is not available, the 
panel recommends using alternative 
corticosteroids (e.g., hydrocortisone, 
methylprednisolone, prednisone).24 
  
IDSA suggests the use of dexame-
thasone over no dexamethasone  thera-
py in hospitalized patients with severe, 
but noncritical, COVID-19 (i.e., defined 
as patients with SpO2 ≤94% on room air 
including those who require  
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   from 8 countries with suspected or con-
firmed COVID-19 following admission to an 
ICU for respiratory or cardiovascular organ 
support were randomized to receive a fixed 
7-day regimen of IV hydrocortisone (50 or 
100 mg every 6 hours), a shock-dependent 
regimen of IV hydrocortisone (50 mg every 
6 hours when shock was clinically evident), 
or no hydrocortisone or other corticoster-
oid. The primary study end point was organ 
support-free days (defined as days alive 
and free of ICU-based respiratory or cardio-
vascular support) within 21 days. The 7-day 
fixed regimen and the shock-dependent 
regimen of hydrocortisone were associated 
with a 93 and 80% probability of benefit in 
terms of organ support-free days compared 
with no hydrocortisone. However, the trial 
was discontinued early after results of the 
RECOVERY trial were announced and no 
treatment strategy met the prespecified 
criteria for statistical superiority, precluding 
definitive conclusions. In addition, serious 
adverse effects were reported in 2.6% of 
patients in the study (4 patients receiving 
the fixed-dosage regimen and 5 patients 
receiving the shock-dependent regimen 
compared with 1 patient receiving no hy-
drocortisone). 24, 41 
  
Prospective meta-analysis of studies using 
systemic corticosteroids (i.e., dexame-
thasone, hydrocortisone, or methylpredni-
solone) from the WHO Rapid Evidence 
Appraisal for COVID-19 Therapies (REACT) 
Working Group: This meta-analysis pooled 
data from 7 randomized clinical trials in 12 
countries that evaluated the efficacy of 
corticosteroids in 1703 critically ill patients 
with COVID-19. The primary outcome was 
all-cause mortality up to 30 days after ran-
domization to treatment. Administration of 
systemic corticosteroids was associated 
with lower all-cause mortality at 28 days 
compared with usual care or placebo (222 
deaths among 678 patients who received 
corticosteroids and 425 deaths among 
1025 patients who received usual care or 
placebo). The effect of corticosteroids on 
reduced mortality was observed in critically 
ill patients who were and were not receiv-
ing mechanical ventilation at randomiza-
tion and also in patients from the  

 supplemental oxygen). IDSA recom-
mends the use of dexamethasone over 
no dexamethasone in hospitalized, criti-
cally ill patients with COVID-19 (i.e., 
defined as patients who are receiving 
mechanical ventilation or ECMO includ-
ing those with end organ dysfunction as 
seen in cases of septic shock or ARDS). 
These experts suggest the use of dexa-
methasone 6 mg orally or IV daily for 
10 days or until hospital discharge, 
whichever comes first, or substitution of 
equivalent daily dosages of other corti-
costeroids (e.g., methylprednisolone 32 
mg, prednisone 40 mg) if dexame-
thasone is unavailable. However, IDSA 
suggests against using corticosteroids in 
hospitalized patients with nonsevere 
COVID-19 without hypoxemia (i.e., de-
fined as patients with SpO2 >94% on 
room air and not requiring supple-
mental oxygen). 25 
  
The WHO Guideline Development 
Group strongly recommends the use of 
systemic corticosteroids (e.g., dexame-
thasone 6 mg orally or IV daily or hydro-
cortisone 50 mg IV every 8 hours for 7-
10 days) over no systemic corticosteroid 
therapy for the treatment of patients 
with severe and/or critical COVID-19, 
regardless of hospitalization status. This 
treatment recommendation includes 
critically ill patients with COVID-19 who 
could not be hospitalized or receive 
oxygen supplementation because of 
resource limitations. This treatment 
recommendation is less clear for popu-
lations under-represented in recent 
clinical trials (e.g., children, patients 
with tuberculosis, immunocompromised 
individuals); however, the risk of not 
using systemic corticosteroids and de-
priving such patients of potentially life-
saving therapy should be considered. 
The WHO treatment recommendation 
does not apply to the following uses of 
corticosteroids: transdermal or inhaled 
administration, high-dose or long-term 
dosage regimens, or prophylaxis.  43 
  
Cytokine storm: There is no well-
established or evidence-based  
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   RECOVERY trial who required supplemental 
oxygen with or without noninvasive ventila-
tion but who were not receiving invasive 
mechanical ventilation at the time of ran-
domization. The odds ratios for the associa-
tion between corticosteroids and mortality 
were similar for dexamethasone and hydro-
cortisone. The optimal dosage and duration 
of corticosteroid treatment could not be 
determined from this analysis; however, 
there was no evidence suggesting that a 
higher dosage of corticosteroids was asso-
ciated with greater benefit than a lower 
dosage. The authors also concluded that 
there was no suggestion of an increased 
risk of serious adverse effects associated 
with corticosteroid use. 24, 42 
  
Methylprednisolone randomized, parallel, 
double-blind, placebo-controlled, phase 
IIb trial (NCT04343729; Metcovid): This 
trial was conducted to evaluate the effect 
of a short course of IV methylprednisolone 
compared with placebo in hospitalized 
adults with suspected COVID-19 infection 
from a single center in Brazil. Patients were 
enrolled prior to laboratory confirmation of 
COVID-19 to avoid treatment delays. The 
presence of COVID-19 was later confirmed 
based on RT-PCR testing in 81.3% of these 
patients. 24, 47 At time of enrollment, 34% of 
patients in each treatment group required 
invasive mechanical ventilation. Supple-
mental oxygen was required in 51% of pa-
tients receiving methylprednisolone and in 
45% of those receiving placebo. 24 In the 
methylprednisolone treatment arm, 194 
patients received IV methylprednisolone at 
a dosage of 0.5 mg/kg twice daily for 5 
days; 199 patients received placebo. A 
modified intent-to-treat analysis was con-
ducted; the primary study end point was 28
-day mortality. Overall, the 28-day mortali-
ty rate was 37.1 or 38.2% in patients who 
received methylprednisolone or placebo, 
respectively, showing no significant differ-
ence in overall mortality between the 
treatment groups. However, a subgroup 
analysis found a lower mortality rate in 
patients >60 years of age who received 
methylprednisolone compared with place-
bo (46.6 vs 61.9%, respectively). Patients 
>60 years of age reportedly had a higher  

 treatment for cytokine storm in patients 
with COVID-19. 8 However, some ex-
perts suggest that use of more potent 
immunosuppression with corticoster-
oids may be beneficial in such patients.  
8 These experts suggest higher dosages 
of corticosteroids (e.g., IV methylpredni-
solone 60-125 mg every 6 hours for up 
to 3 days) followed by tapering of the 
dose when inflammatory markers (e.g., 
C-reactive protein levels) begin to de-
crease. 8 
  
Septic shock: The effect of corticoster-
oids in COVID-19 patients with sepsis or 
septic shock may be different than the 
effects seen in those with ARDS. 12 The 
Surviving Sepsis Campaign and NIH sug-
gest the use of low-dose corticosteroid 
therapy (e.g., hydrocortisone 200 mg 
daily as an IV infusion or intermittent 
doses) over no corticosteroid therapy in 
adults with COVID-19 and refractory 
shock. 12, 24 
Randomized controlled studies evalu-
ating use of corticosteroids (e.g., hydro-
cortisone, dexamethasone, methylpred-
nisolone, prednisolone) in septic shock 
suggest a small, but uncertain mortality 
reduction.  3, 4  Clinicians considering 
corticosteroids for such patients with 
COVID-19 should balance the potential 
small reduction in mortality with poten-
tial effects of prolonged coronavirus 
shedding. 1   If corticosteroids are pre-
scribed, monitor and treat adverse 
effects including hyperglycemia, hyper-
natremia, and hypokalemia. 1, 4 
  
Patients receiving corticosteroid thera-
py for chronic conditions: NIH states 
that oral corticosteroids used for the 
treatment of an underlying condition 
prior to COVID-19 infection (e.g., prima-
ry or secondary adrenal insufficiency, 
rheumatologic diseases) should not be 
discontinued in patients with COVID-19 
unless discontinuation is otherwise 
warranted by their clinical condition. 
Supplemental or stress dosages of corti-
costeroids may be indicated on an indi-
vidual basis in patients with such condi-
tions. 24 (See Corticosteroids [inhaled] in  
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   degree of systemic inflammatory disease as 
manifested by increased median levels of C
-reactive protein (CRP) compared with 
patients ≤60 years of age. In patients ≤60 
years of age, there was a higher incidence 
of fatal outcomes in the methylpredniso-
lone group.  The authors concluded that 
caution is needed when using corticoster-
oids in patients with less severe COVID-19 
since a trend toward more harm was noted 
in the younger age group. Note: Limitations 
of this study include the following: single-
center study with a moderate sample size, 
longer median time from symptom onset 
to treatment administration compared with 
other corticosteroid studies, shorter treat-
ment duration and higher equivalent corti-
costeroid dosage compared with the RE-
COVERY trial, and higher baseline mortality 
of the patient population possibly limiting 
the generalizability of the results to popula-
tions with lower baseline mortality. 24, 47 
  
Methylprednisolone multicenter, observa-
tional, longitudinal study (NCT04323592): 
This trial was conducted to evaluate the 
association between use of prolonged, low-
dose methylprednisolone treatment and 
ICU admission, intubation, or all-cause 
death within 28 days (composite primary 
end point) in patients with severe COVID-
19 pneumonia admitted to 14 respiratory 
high-dependency units in Italy. A total of 
173 patients were enrolled in the study 
with 83 patients receiving methylpredniso-
lone plus standard care and 90 patients 
receiving standard care alone.  In the 
methylprednisolone treatment arm, pa-
tients received a loading dose of IV 
methylprednisolone 80 mg at study entry 
followed by IV infusion of the drug at a 
dosage of 80 mg daily at a rate of 10 mL/hr 
for at least 8 days until achievement of 
either a PaO2/FiO2 (P/F ratio)  >350 mm Hg 
or CRP levels <20 mg/L. Subsequently, 
twice-daily administration of either oral 
methylprednisolone 16 mg or IV 
methylprednisolone 20 mg was given until 
achievement of a P/F ratio >400 mm Hg or 
CRP levels reached <20% of the normal 
range. The composite primary end point 
was reached by 22.9 or 44.4% of patients in 
the group receiving methylprednisolone or 
standard care alone, respectively.  

 this Evidence Table for recommenda-
tions for use of inhaled corticosteroids 
in COVID-19 patients with asthma or 
COPD.) 
 
Rheumatology experts, including mem-
bers of the American College of Rheu-
matology COVID-19 Clinical Guidance 
Task Force, state that abrupt discontinu-
ance of corticosteroid therapy in pa-
tients with rheumatologic diseases 
should be avoided regardless of COVID-
19 exposure or infection status. These 
experts also state that if indicated, corti-
costeroids should be used at the lowest 
effective dosage to control manifesta-
tions, but also acknowledge that higher 
dosages may be necessary in the con-
text of severe, vital organ-threatening 
rheumatologic disease even following 
COVID-19 exposure. 28-30 
  
Endocrinology experts state that pa-
tients with primary or secondary adren-
al insufficiency who are receiving pro-
longed corticosteroid therapy should 
follow usual steroid “sick day rules” 
since these individuals may not be able 
to mount a normal stress response in 
the event of COVID-19 infection. 19, 26 If 
such individuals develop symptoms such 
as fever and a dry continuous cough, 
they should immediately double their 
daily oral corticosteroid dosage and 
continue with this regimen until the 
fever subsides. 19 These guidelines also 
apply to patients who are receiving 
prolonged therapy (> 3 months) with 
corticosteroids for underlying inflamma-
tory conditions, including asthma, aller-
gy, and rheumatoid arthritis. 19 In such 
patients whose condition worsens or in 
those experiencing vomiting or diar-
rhea, treatment with parenteral cortico-
steroids may be necessary. 19, 26    Admin-
istration of physiologic stress doses of 
corticosteroids (e.g., IV hydrocortisone 
50-100 mg 3 times daily) and not phar-
macologic doses should be considered 
in all cases to avoid potentially fatal 
adrenal failure.19, 20 Additional study is 
needed to determine the optimum cor-
ticosteroid stress dosage regimens in  
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   Therefore, use of methylprednisolone was 
associated with a reduction in the risk of 
ICU admission, invasive mechanical ventila-
tion, or death within 28 days (adjusted 
hazard ratio: 0.41). Specifically, 18.1 or 30% 
of patients required ICU admission and 
16.9 or 28.9% of patients required invasive 
mechanical ventilation in those receiving 
methylprednisolone or standard care 
alone, respectively. In addition, use of 
methylprednisolone was associated with a 
28-day lower risk of all-cause mortality 
than use of standard care alone (7.2 vs 
23.3%, respectively) with an adjusted haz-
ard ratio of 0.29. Overall, there was no 
difference in adverse effects between 
treatment groups with the exception of 
increased reports of hyperglycemia and 
mild agitation in the methylprednisolone-
treated patients; no adverse effects result-
ed in drug discontinuation. The authors 
concluded that early, low-dose, prolonged 
therapy with methylprednisolone resulted 
in decreased ICU burden, reduced need for 
invasive mechanical ventilation, and lower 
mortality along with improvement in sys-
temic inflammation and oxygenation mark-
ers in hospitalized patients with severe 
COVID-19 pneumonia at high risk of pro-
gression to acute respiratory failure. 48 
  
Retrospective, case-control study using 
systemic corticosteroids (i.e., methylpred-
nisolone, prednisone): This trial was con-
ducted to evaluate the efficacy of early, low
-dose, short-term therapy with systemic 
methylprednisolone or prednisone in hos-
pitalized adults from a single center in Chi-
na with non-severe COVID-19 pneumonia. 
A total of 475 patients were enrolled with 
55 of these patients receiving early, low-
dose corticosteroids. Methylprednisolone 
20 or 40 mg IV daily was administered to 50 
of these patients for 3-5 days, and oral 
prednisone 20 mg daily (equivalent dosage 
to methylprednisolone) was administered 
to 5 such patients for 3 days. Corticosteroid 
therapy was initiated within a median of 2 
days following hospital admission.  A total 
of 420 patients received standard therapy 
(no corticosteroids); using propensity score 
matching, 55 of these patients were select-
ed as matched controls. The primary out-
come was the rate of patients who  

 patients with COVID-19. 26, 27 There is 
some evidence suggesting that continu-
ous IV infusion of hydrocortisone 
(following an initial IV bolus dose) may 
provide more stable circulating cortisol 
concentrations in patients with adrenal 
insufficiency and reduce the potentially 
harmful effects of peak and trough con-
centrations of cortisol on the immune 
system. 26, 27 
  
Pregnancy: For pregnant women with 
COVID-19, the NIH COVID-19 Treatment 
Guidelines Panel states that a short 
course of corticosteroids that cross the 
placenta (i.e., betamethasone, dexame-
thasone) is routinely used for fetal ben-
efit (e.g., to hasten fetal lung maturity). 
Given the potential benefit of decreased 
maternal mortality and the low risk of 
fetal adverse effects for this short 
course of corticosteroid therapy, the 
panel recommends the use of dexame-
thasone in pregnant women with COVID
-19 who are receiving mechanical venti-
lation or in those who require supple-
mental oxygen but are not on mechani-
cal ventilation. 24 
  
The WHO Guideline Development 
Group recommends antenatal cortico-
steroid therapy for pregnant women at 
risk of preterm birth from 24-34 weeks’ 
gestation when there is no clinical evi-
dence of maternal infection and ade-
quate maternal and newborn care are 
available. In cases where a pregnant 
woman presents with mild or moderate 
COVID-19, the clinical benefits of ante-
natal corticosteroids may outweigh the 
risk of potential harm to the woman. 
The balance of benefits and risks for the 
woman and preterm infant should be 
considered during the informed deci-
sion-making process. 43 
  
** Pediatric use: The safety and effica-
cy of dexamethasone or other cortico-
steroids for COVID-19 treatment have 
not been sufficiently evaluated in pedi-
atric patients. Therefore, caution is 
warranted when extrapolating recom-
mendations for adults to patients <18 
years of age. Importantly, the  
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   developed severe disease and mortality. In 
the corticosteroid treatment arm, 12.7% of 
patients developed severe disease com-
pared with 1.8% of patients in the control 
group. There was one death in the group 
receiving methylprednisolone and none in 
the control group. Regarding secondary 
outcomes, duration of fever, virus clear-
ance time, and length of hospital stay were 
all significantly longer in patients receiving 
corticosteroids compared with no cortico-
steroid therapy. 49 Because of the finding 
that early, low-dose, short-term systemic 
corticosteroid therapy was associated with 
worse clinical outcomes in hospitalized 
adult patients with non-severe COVID-19 
pneumonia, the authors concluded that the 
study results do not support the use of 
corticosteroids in this population. 49  How-
ever, it is difficult to interpret these results 
because of potential confounding factors 
inherent in the nonrandomized study de-
sign. 24 It is unclear if the results of this 
study apply to corticosteroids other than 
methylprednisolone. 24 
  
Methylprednisolone multicenter quasi-
experimental study with single pretest and 
posttest (NCT04374071): This trial was 
conducted to evaluate the efficacy of early, 
short-term therapy with systemic 
methylprednisolone in hospitalized adults 
with confirmed moderate to severe COVID-
19 from a multicenter health system in 
Michigan. A total of 213 patients were en-
rolled with 132 patients receiving early 
therapy with IV methylprednisolone at 
dosages of 0.5-1 mg/kg daily in 2 divided 
doses for 3 days plus standard care and 81 
patients receiving early therapy with stand-
ard care alone. The primary end point was 
a composite based on the need for ICU 
transfer, progression to respiratory failure 
requiring mechanical ventilation, or in-
hospital all-cause mortality. The primary 
composite end point occurred at a signifi-
cantly lower rate in the group receiving 
early corticosteroid therapy (34.9%) com-
pared with the group receiving early thera-
py with standard care alone (54.3%). The 
early corticosteroid group had a median 
time to initiation of methylprednisolone of 
2 days compared with 5 days for the  

 RECOVERY trial did not include a signifi-
cant number of pediatric patients, and 
mortality rates are significantly lower 
for pediatric patients with COVID-19 
than for adult patients with the disease. 
Therefore, results of this trial should be 
interpreted with caution for patients 
<18 years of age. The NIH COVID-19 
Treatment Guidelines Panel recom-
mends use of dexamethasone for hospi-
talized pediatric patients with COVID-19 
who are receiving high-flow oxygen, 
noninvasive ventilation, invasive me-
chanical ventilation, or ECMO.  Dexame-
thasone is generally not recommended 
for pediatric patients who require only 
low levels of oxygen support (i.e., nasal 
cannula only). For pediatric patients 
with COVID-19, the NIH panel recom-
mends dexamethasone at a dosage of 
0.15 mg/kg (maximum dose 6 mg) once 
daily for up to 10 days. If dexame-
thasone is not available, alternative 
corticosteroids such as hydrocortisone, 
methylprednisolone, or prednisone may 
be considered. Additional studies are 
needed to evaluate the use of cortico-
steroids for the treatment of COVID-19 
in pediatric patients, including in those 
with multisystem inflammatory syn-
drome in children (MIS-C). Although 
immune globulin IV (IGIV) and/or corti-
costeroids generally have been used as 
first-line therapy in pediatric patients 
with MIS-C, the NIH COVID-19 Treat-
ment Guidelines Panel recommends 
consultation with a multidisciplinary 
team when considering and managing 
immunomodulating therapy for children 
with this condition. The optimal choice 
and combination of immunomodulating 
therapies for children with MIS-C have 
not been definitely established. 24 
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   standard care group. The median hospital 
length of stay was significantly reduced 
from 8 to 5 days in patients receiving early 
corticosteroid therapy compared with 
those receiving early therapy with standard 
care alone. ARDS occurred in 26.6% of pa-
tients receiving early corticosteroid therapy 
compared with 38.3% of those in the stand-
ard care group. The authors concluded that 
early, short-term therapy with methylpred-
nisolone in patients with moderate to se-
vere COVID-19 may prevent disease pro-
gression and improve clinical outcomes. 
Note: Limitations of this study include the 
following: differences were noted in the 
baseline characteristics of the comparator 
groups; some patients in the standard care 
group received corticosteroids, but initia-
tion of therapy was significantly later than 
in the early corticosteroid group; and pa-
tient follow-up for both treatment groups 
was limited to 14 days. 51 
  
Methylprednisolone open-label, multicen-
ter, randomized, controlled study 
(NCT04244591): This recently completed 
trial compared use of methylprednisolone 
in conjunction with standard care in pa-
tients with confirmed COVID-19 infection 
that progressed to acute respiratory fail-
ure; results have not yet been posted. 23 
  
Retrospective, observational study of sys-
temic corticosteroid use in patients with 
COVID-19 from a New York hospital (Keller 
et al): Data are available for 1806 patients 
hospitalized with COVID-19 between Mar 
11 and Apr 13, 2020. Patients included in 
the analysis were those treated with sys-
temic corticosteroids (e.g., dexamethasone, 
hydrocortisone, methylprednisolone, pred-
nisone) within the first 48 hours of hospital 
admission (140 patients) and those not 
treated with corticosteroids (1666 patients) 
as the control group. Treatment and con-
trol groups were similar except that corti-
costeroid-treated patients were more likely 
to have a history of COPD, asthma, rheu-
matoid arthritis, or lupus, or to have re-
ceived corticosteroids in the year prior to 
admission. Primary goal of the study was to 
determine whether early systemic cortico-
steroid treatment was associated with   
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   reduced mortality or need for mechanical 
ventilation. Overall, early use of systemic 
corticosteroids was not associated with in-
hospital mortality or mechanical ventila-
tion. However, there was a significant 
treatment effect based on C-reactive pro-
tein (CRP) levels. Early use of corticoster-
oids in patients with initial CRP levels of 
≥20 mg/dL was associated with a signifi-
cantly reduced risk of mortality or need for 
mechanical ventilation (odds ratio: 0.23). 
Conversely, such treatment in patients with 
initial CRP levels of <10 mg/dL was associ-
ated with a significantly increased risk of 
mortality or need for mechanical ventila-
tion (odds ratio: 2.64). The authors state 
that these findings suggest that appropri-
ate selection of COVID-19 patients for sys-
temic corticosteroid treatment is critical to 
maximize the likelihood of benefit and 
minimize the risk of harm. Note: The limita-
tions of the observational study design 
should be considered when interpreting 
these results. Corticosteroid dosages used 
in patients included in this study not pro-
vided. Further study is needed to deter-
mine the role of CRP levels in guiding the 
use of corticosteroid treatment in patients 
with COVID-19. 36 
  
Retrospective study of systemic cortico-
steroids and/or other immunosuppressive 
therapies and their effect on COVID-19 
infection in patients with chronic immune-
mediated inflammatory arthritis (Favalli et 
al): This study evaluated the frequency and 
characteristics of symptomatic COVID-19 
infection in relation to use of different im-
munosuppressive agents in such patients. 
Data are available from a cross-sectional 
survey administered to 2050 adults receiv-
ing follow-up care at arthritis outpatient 
clinics of 2 large academic hospitals in Italy. 
Patients surveyed had arthritis of long du-
ration (median of 10 years) and 62% were 
receiving therapy with biologic or targeted 
synthetic disease-modifying antirheumatic 
drugs (DMARDs) alone or in combination 
with conventional synthetic DMARDs; ap-
proximately one-third of these patients 
were also receiving concomitant long-term 
treatment with systemic corticosteroids. 
Laboratory-confirmed COVID-19 or highly  
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   suspected infection (based on close contact 
with a confirmed COVID-19 case within 14 
days prior to onset of symptoms) was re-
ported in 1.1 or 1.4% of patients, respec-
tively. In this study, corticosteroid treat-
ment was independently associated with 
an increased risk of COVID-19 infection, 
especially at prednisone dosages ≥ 2.5 mg 
daily. The use of corticosteroids was con-
firmed to independently predict increased 
risk of COVID-19 infection regardless of 
comorbidities, precautions taken to pre-
vent infection, and contacts with COVID-19 
cases. Conversely, treatment with biologic/
targeted synthetic DMARDs was associated 
with a reduced risk of COVID-19 infection. 
Limitations of this study include its retro-
spective nature and the definition of COVID
-19 cases based on patient survey results. 
The authors state these data should not 
result in indiscriminate discontinuance of 
systemic corticosteroids in patients with 
chronic immune-mediated inflammatory 
arthritis, but underscore the importance of 
a benefit-risk assessment in individual pa-
tients. 50 
  
Dexamethasone, hydrocortisone, 
methylprednisolone, or prednisone stud-
ies for treatment of COVID-19 pneumonia 
or ARDS: Registered clinical trials that 
have been initiated or underway include: 22 
NCT03852537 
NCT04263402 
NCT04329650 
NCT04344730 
NCT04348305 
NCT04359511 
NCT04395105 
  
Methylprednisolone non-randomized pilot 
study (NCT04355247): Trial has been initi-
ated to evaluate use of the drug for the 
prevention of COVID-19 cytokine storm and 
progression to respiratory failure. 22 
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Corticoster-
oids (inhaled) 
  
Updated 
4/30/21 

68:04 
Adrenals 

Inhaled corticosteroids 
may  mitigate local inflam-
mation and inhibit virus 
proliferation. 35, 44 

There are currently limited results from 
randomized controlled studies specifically 
evaluating use of inhaled corticosteroids in 
patients with COVID-19. 34, 44, 45, 53, 54 
  
Early reports of an unexpectedly low preva-
lence of chronic respiratory conditions 
among outpatient and hospitalized COVID-
19 patients resulted in speculation that 
respiratory treatments, specifically inhaled 
corticosteroids, may have a protective 
effect against SARS-CoV-2. 45, 46 
  
Retrospective, observational study of in-
haled corticosteroid use in patients with 
COPD or asthma and associated risk of 
COVID-19-related death in the UK 
(Schultze et al): This study was designed to 
assess the role of routine use of inhaled 
corticosteroids on COVID-19-related mor-
tality. Data were extracted from primary 
care electronic health records and linked 
with mortality data for a cohort of patients 
with COPD (n = 148,557) and another co-
hort with asthma (n = 818,490) who were 
prescribed standard respiratory treatments 
within the 4 months prior to the index 
date. In patients with COPD, an increased 
risk of COVID-19-related death (hazard 
ratio: 1.39) was reported after adjusting for 
age and comorbidities among those who 
were prescribed inhaled corticosteroids 
combined with a long-acting β-agonist and/
or long-acting antimuscarinic compared 
with those prescribed a long-acting β-
agonist and long-acting antimuscarinic. In 
patients with asthma,  an increased risk of 
COVID-19-related death (hazard ratio: 1.55) 
was reported in patients who were pre-
scribed high-dose inhaled corticosteroids 
compared with those prescribed a short-
acting β-agonist only; however, there was 
no increased risk of death (hazard ratio: 
1.14) in asthma patients receiving low- or 
medium-dose inhaled corticosteroids com-
pared with nonusers of inhaled corticoster-
oids. Sensitivity analyses suggest there may 
be other factors driving the increased risk 
of death observed with use of inhaled corti-
costeroids, including underlying disease 
differences between individuals that are 
not captured in the health records. The 
results of this study do not support  

In the STOIC trial, inhaled 
budesonide was administered as a 
dry powder inhaler at a dosage of 
800 mcg twice daily for 4-10.5 days.53 
  
**In the PRINCIPLE trial, inhaled 
budesonide was administered as a 
dry powder inhaler at a dosage of 
800 mcg twice daily for 14 days. 54 
  
Initial dosage of orally inhaled ci-
clesonide used in the published case 
series from Japan of 3 patients with 
COVID-19 pneumonia was 200 mcg 2 
times daily. If necessary, the dosage 
was increased to 400 mcg 3 times 
daily. The authors suggested contin-
ued use of ciclesonide oral inhalation 
for about 14 days or longer. 35 

NIH COVID-19 Treatment Guidelines 
Panel recommends that inhaled cortico-
steroids used daily for the management 
of asthma and COPD to control airway 
inflammation should not be discontin-
ued in patients with COVID-19 unless 
discontinuation is otherwise warranted 
based on their clinical condition. The 
panel also states that no studies to date 
have investigated the relationship be-
tween inhaled corticosteroids in these 
clinical settings and virus acquisition, 
severity of illness, or viral transmis-
sion.24 
  
Currently, there is limited clinical evi-
dence supporting adverse or beneficial 
effects of premorbid use or continued 
administration of inhaled corticoster-
oids in patients with acute respiratory 
infections due to coronaviruses. Ran-
domized controlled clinical studies are 
needed to fully assess the benefits of 
inhaled corticosteroids for treatment of 
COVID-19 in patients with and without 
chronic respiratory conditions. 34, 44, 53 
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   evidence of benefit or harm with routine 
use of inhaled corticosteroids on COVID-19-
related mortality among individuals with 
COPD or asthma. 44, 45 
  
Phase 2, randomized, controlled, open-
label, parallel group study (not peer-
reviewed) evaluating the use of inhaled 
budesonide in adults with early COVID-19  
(NCT04416399; STOIC): This trial was con-
ducted to evaluate the use of inhaled 
budesonide compared with usual care in 
146 nonhospitalized adults from the UK 
with early symptoms suggestive of COVID-
19. COVID-19 infection was later confirmed 
by RT-PCR in 94% of these patients. Prior to 
randomization, the median duration of 
symptoms was 3 days. Total of 70 patients 
were randomized to receive inhaled 
budesonide as a dry powder inhaler at a 
dosage of 800 mcg twice daily and 69 pa-
tients were randomized to receive usual 
care, with a total of 139 patients included 
in the per-protocol analysis. In the 
budesonide group, the drug was adminis-
tered for a median duration of 7 days. The 
primary end point was defined as an urgent 
care visit, emergency department assess-
ment, or hospitalization. This outcome 
occurred in 10 patients from the usual care 
group compared with 1 patient from the 
budesonide group. In addition, fewer pa-
tients receiving inhaled budesonide had 
persistent symptoms at days 14 and 28 
compared with those receiving usual care. 
Study results suggest that early administra-
tion of inhaled budesonide reduces the 
likelihood of needing urgent medical care, 
emergency department consultation, or 
hospitalization in patients with early COVID
-19 illness. Use of inhaled budesonide was 
also associated with self-reported reduced 
time to symptom resolution from COVID-19 
infection. 53 
  
** Multicenter, randomized, controlled, 
open-label, adaptive platform study (not 
peer reviewed) evaluating the use of in-
haled budesonide in adults in the commu-
nity with suspected COVID-19 at higher 
risk of adverse outcomes (PRINCIPLE): This 
trial compared the  use of standard care 
alone, standard care plus inhaled  
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   budesonide, or standard care plus other 
interventions in nonhospitalized adults in 
the UK who had suspected COVID-19 and 
were ≥65 years of age or ≥50 years of age 
with comorbidities. COVID-19 infection was 
later confirmed in 2617 (56%) of these 
patients, of which 2422 had follow-up data 
and, therefore, were included in the prima-
ry analysis. Patients were randomized to 
receive standard care alone (n=1028), 
standard care plus inhaled budesonide at a 
dosage of 800 mcg twice daily for 14 days 
(n=751), or standard care plus other inter-
ventions (n=643). The coprimary end points 
were time to first self-reported recovery 
and COVID-19-related hospitalization or 
death (both end points measured within 28 
days after randomization). Inhaled 
budesonide appeared to reduce time to 
recovery by a median of 3 days in adults 
with COVID-19 who had comorbidities that 
put them at higher risk for complications. 
Among patients in the inhaled budesonide 
group who had 28 days of follow-up data, a 
lower rate of COVID-19-related hospitaliza-
tion or death was observed compared with 
patients in the standard care group (8.5 
versus 10.3%, respectively). Final data anal-
ysis is pending completion of 28-day follow 
up for all patients randomized to receive 
inhaled budesonide. 54 
 
A small case series from Japan observed 
possible clinical benefit in 3 patients with 
mild to moderate COVID-19 pneumonia 
following oral inhalation of ciclesonide; 
however, without a control group, it is not 
known whether the patients would have 
improved spontaneously. 35 
  
Various clinical trials evaluating the use of 
inhaled corticosteroids (e.g., budesonide, 
ciclesonide) in patients with COVID-19 are 
registered at clinicaltrials.gov. 22 

  

Inhaled pros-
tacyclins (e.g., 
epoprostenol, 
iloprost) 
  
Updated 
1/28/21 
  

48:48 
Vasodilating 
Agents 

Selective pulmonary vaso-
dilators; may be useful in 
the adjunctive treatment 
of acute respiratory dis-
tress syndrome (ARDS), a 
complication of COVID-19 1
-9 
  

Available evidence suggests that inhaled 
prostacyclins can improve oxygenation, but 
have no known mortality benefit, in pa-
tients with ARDS.3, 6-9  It is not clear whether 
or how COVID-19-associated ARDS differs 
from ARDS related to other etiologies. 14-16 
  
Results of a retrospective, single-center, 
observational study in intubated patients  

In patients with ARDS, various dosag-
es of inhaled epoprostenol have 
been used; dosages up to 50 ng/kg 
per minute (titrated to response) 
have been used in clinical studies. 1-4, 

6, 9 
  

The Surviving Sepsis Campaign states 
that due to the lack of adequately pow-
ered randomized controlled studies, a 
recommendation cannot be made for or 
against the use of inhaled prostacyclins 
in COVID-19 patients with severe 
ARDS10 
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  Inhaled prostacyclins are 
used to improve oxygena-
tion in patients with ARDS 
who develop refractory 
hypoxemia 1-3, 6, 8, 9 
  
Inhaled epoprostenol has 
been suggested as an alter-
native to inhaled nitric 
oxide due to similar effica-
cy, lower potential for 
systemic adverse effects, 
lower cost, and ease of 
delivery 1, 2, 9 
  
Experience with inhaled 
iloprost is more limited, 
but the drug is thought to 
have a similar theoretical 
benefit as epoprostenol in 
patients with ARDS 1, 2, 9 

with COVID-19 and refractory hypoxemia 
did not show significant improvement in 
oxygenation metrics following treatment 
with inhaled epoprostenol or inhaled nitric 
oxide. In this study, 38 patients initially 
received inhaled epoprostenol (starting 
dose of 0.05 mcg/kg per minute, continued 
based on PaO2 response); 11 patients who 
did not respond to epoprostenol were tran-
sitioned to inhaled nitric oxide (starting 
dose of 20 ppm, titrated up to 80 ppm 
based on PaO2 response). Although 42.1% 
of patients who received epoprostenol and 
63.6% of patients who received nitric oxide 
were considered responders (defined as an 
increase in PaO2/FiO2 by >10%), there were 
no significant changes in other oxygenation 
parameters or clinical outcomes. 14 
  
In another retrospective observational 
study in 80 mechanically ventilated COVID-
19 patients, clinically significant improve-
ment in PaO2/FiO2 (defined as an increase 
by 10% from baseline values) was observed 
in 50% of the patients following treatment 
with inhaled epoprostenol (initial dose of 
50 ng/kg per minute delivered through the 
ventilator tubing); however, the benefit 
was generally modest and there was wide 
variability in response. 15 
  
Numerous limitations of the observational 
studies described above preclude definitive 
conclusions. 14, 15 
  
Inhaled prostacyclins may be included in 
some COVID-19 clinical trials registered at 
clinicaltrials.gov.13 

In several observational studies in 
mechanically ventilated patients with 
COVID-19, inhaled epoprostenol was 
administered at an initial dosage of 
50 ng/kg per minute (based on ideal 
body weight). 14,15 
 

The NIH COVID-19 Treatment Guide-
lines Panel and the Surviving Sepsis 
Campaign state that a trial of inhaled 
pulmonary vasodilator may be consid-
ered as rescue therapy in mechanically 
ventilated adults with COVID-19, severe 
ARDS, and hypoxemia; if no rapid im-
provement in oxygenation is observed, 
the patient should be tapered off treat-
ment 10, 12 
  

Interferons 
  
Updated 
3/11/21 

8:18.20 
Interferons 
  
10:00 
Antineoplastic 
Agents 
  
92:20 
Immunomod-
ulatory Agents 

Interferons (IFNs) modu-
late immune responses to 
some viral infections; 2, 7, 19  
in vitro studies indicate 
only weak induction of IFN 
following SARS-CoV-2 in-
fection, and a possible role 
for IFNs in prophylaxis or 
early treatment of COVID-
19 has been suggested to 
compensate for possibly 
insufficient endogenous 
IFN production 1, 3, 4, 7, 18 
  
 

Only limited clinical trial data available to 
date specifically evaluating efficacy of IFNs 
for treatment of COVID-19; 10, 15, 20, 21-23, 25, 27  
for information on additional studies in-
cluding IFN alfa or IFN beta as a component 
of combination therapy (e.g., background 
regimen), see antiviral entries in this Evi-
dence Table. 
  
Various clinical trials evaluating IFN beta-
1a, IFN beta-1b, or peginterferon [pegIFN] 
beta-1a, generally added to other antivi-
rals, for treatment of COVID-19 are regis-
tered at clinicaltrials.gov. 16  PegIFN beta-1a 
also is being evaluated for postexposure 
prophylaxis of SARS-CoV-2 infection. 16 

IFN beta: Various sub-Q dosages of 
IFN beta-1a and IFN beta-1b are be-
ing evaluated for treatment of COVID
-19. 10, 16 
  
IFN beta-1a has been administered 
IV in some patients (IV preparation 
not commercially available in US). 23  
Sub-Q and IV routes of administra-
tion may not be equivalent. Bioavail-
ability is lower following sub-Q injec-
tion, suggesting potential for less 
efficient distribution to central target 
organs, especially in critically ill pa-
tients. 24 

Efficacy and safety of IFNs for treatment 
or prevention of COVID-19 not estab-
lished. 
  
Relative effectiveness of different IFNs 
against SARS-CoV-2 not established. 12 
  
NIH COVID-19 Treatment Guidelines 
Panel recommends against use of IFNs 
for treatment of severe or critical COVID
-19, except in the context of a clinical 
trial. The panel also states there are 
insufficient data to recommend either 
for or against use of IFN beta for the 
treatment of early (i.e., <7 days from  
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  Type 1 IFNs (IFN alfa and 
IFN beta) are active in 
vitro against MERS-CoV in 
Vero and LLCMK2 cells and 
in rhesus macaque model 
of MERS-CoV infection; 
type I IFNs also active in 
vitro against SARS-CoV-1 in 
Vero, fRhK-4, and human 
cell lines; 8 IFN beta is 
more active than IFN alfa 
in vitro against SARS-CoV-1 
and MERS-CoV 2, 8, 12 
  
IFN alfa and IFN beta are 
active in vitro against SARS
-C0V-2 in Vero cells at clini-
cally relevant concentra-
tions; 1, 26  in vitro study 
suggests SARS-CoV-2 is 
more sensitive than SARS-
CoV-1 to IFN alfa 1, 3 
  
However, lack of clinical 
benefit observed with use 
of type 1 IFNs, generally in 
combination with ribavirin, 
for treatment of SARS and 
MERS 2, 8, 9, 11, 12 
  
IV IFN beta-1a did not re-
duce ventilator depend-
ence or mortality in a pla-
cebo-controlled trial in 
patients with acute respir-
atory distress syndrome 
(ARDS) 11, 17 
  
Type 3 IFNs (IFN lambda) 
are thought to provide 
important immunologic 
defense against respiratory 
viral infections 3, 4, 6, 7, 19  

and may have less poten-
tial than type 1 IFNs to 
produce systemic inflam-
matory response, including 
inflammatory effects on 
respiratory tract;  4, 7, 19 IFN 
lambda receptor is ex-
pressed mainly on epitheli-
al (including respiratory 
epithelial) cells and  

Open-label, randomized study in Hong 
Kong in hospitalized adults with COVID-19, 
mainly mild disease (NCT04276688): Com-
bination regimen of LPV/RTV, ribavirin, and 
sub-Q IFN beta-1b (IFN beta-1b was 
omitted to avoid proinflammatory effects 
when treatment was initiated 7-14 days 
after symptom onset) was associated with 
shorter median time from treatment initia-
tion to negative RT-PCR result in nasopha-
ryngeal swab (7 vs 12 days), earlier resolu-
tion of symptoms (4 vs 8 days), and shorter 
hospital stay (9 vs 14.5 days) compared 
with control (LPV/RTV). In the subset of 
patients initiating treatment 7 or more days 
after symptom onset (i.e., those not treat-
ed with IFN beta-1b), there was no signifi-
cant difference in time to negative RT-PCR 
result, time to resolution of symptoms, or 
duration of hospital stay between the com-
bination regimen (LPV/RTV and ribavirin) 
and control (LPV/RTV). IFN beta-1b (8 mil-
lion units on alternate days) was adminis-
tered for 1, 2, or 3 doses when initiated on 
day 5-6, 3-4, or 1-2, respectively, following 
symptom onset (median of 2 IFN beta-1b 
doses given); 52 of 86 patients (60%) ran-
domized to combination regimen received 
all 3 drugs, and 41 patients received control 
LPV/RTV. 10 
  
Open-label, randomized study in adults 
hospitalized with severe COVID-19: Regi-
men of IFN beta-1b (250 mcg sub-Q every 
other day for 2 weeks) plus Iran national 
protocol medications was compared with 
national protocol alone (control). Protocol 
included a 7- to 10-day regimen of lop-
inavir/ritonavir or atazanavir/ritonavir and 
hydroxychloroquine. All patients required 
respiratory support (mainly oxygenation 
through facemask [80%]) but none were 
intubated at baseline. Median time from 
symptom onset to randomization was 8 
days. Total of 80 patients were randomized 
(40 to each treatment group); analyses 
were based on data for 33 patients per 
treatment group after exclusion of those 
who withdrew consent, were enrolled in 
another study, or received <4 IFN doses.  
Median time to clinical improvement 
(defined as ≥2-category improvement in a 6
-category ordinal scale) was shorter in the  

Open-label, randomized study in 
hospitalized adults with COVID-19, 
mainly mild disease (NCT04276688): 
IFN beta-1b 8 million units was giv-
en sub-Q on alternate days for 1, 2, 
or 3 doses (when initiated on day 5-
6, 3-4, or 1-2, respectively, following 
symptom onset) in conjunction with 
14-day regimen of LPV/RTV and rib-
avirin. 10, 16 
  
In an open-label, randomized study 
in hospitalized adults with severe 
COVID-19, IFN beta-1b 250 mcg was 
given sub-Q every other day for 2 
weeks. 25 
  
In the SOLIDARITY study, most IFN-
treated patients received three 44-
mcg doses of IFN beta-1a sub-Q over 
6 days. 23 
  
In an open-label, randomized study 
in hospitalized adults with severe 
COVID-19, IFN beta-1a 12 million 
units was given sub-Q 3 times weekly 
for 2 weeks. 20 
  
IFN alfa: National guidelines from 
China suggest IFN alfa dosage of 5 
million units (or equivalent) twice 
daily via inhalation for up to 10 days 
for treatment of COVID-19. 13 
  
PegIFN lambda-1a: 
For treatment of COVID-19 in adults 
(NCT04354259): a single 180-mcg 
sub-Q dose of pegIFN lambda-1a was 
given. 32 
  
For postexposure prophylaxis of CoV-
2 infection in adults (NCT04344600): 
Two 180-mcg sub-Q doses of pegin-
terferon lambda-1a given 1 week 
apart. 5 

symptom onset) mild or moderate 
COVID-19. No benefit was observed 
with use of IFNs for treatment of other 
severe or critical coronavirus infections 
(SARS, MERS), and toxicity of IFNs out-
weighs the potential for benefit. IFNs 
may have antiviral activity early in the 
course of SARS-CoV-2 infection; howev-
er, there are insufficient data to assess 
the potential benefit of IFN use during 
early disease versus the risk of toxicity. 
11 
  
Interferon alfa via inhalation is included 
in national guidelines from China as a 
possible option for treatment of COVID-
19. 13 
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  neutrophils, and is distinct 
from the ubiquitous type 1 
IFN receptor; 2,  4, 7, 19 de-
spite different receptors 
and expression patterns, 
type 1 and type 3 IFNs 
activate similar signaling 
cascades; 4, 7, 19 unknown 
whether limited receptor 
distribution might also 
affect efficacy 4 
 
  

IFN group than in the control group (9  vs 
11 days). A smaller proportion of IFN-
treated patients required ICU admission (42 
vs 67%). There was no difference in dura-
tion of hospitalization, intubation rate, 
length of ICU stay, or all-cause 28-day mor-
tality. 25 
  
Open-label, randomized study in Iran in 
hospitalized adults with severe suspected 
or RT-PCR-confirmed COVID-19: IFN beta-
1a (12 million units sub-Q 3 times weekly 
for 2 weeks) plus standard care (7- to 10-
day regimen of hydroxychloroquine plus 
lopinavir/ritonavir or atazanavir/ritonavir) 
(n = 42) was compared with standard care 
(control; n = 39). Time to clinical response 
(primary outcome; defined as hospital dis-
charge or 2-score improvement in a 6-
category ordinal scale) did not differ signifi-
cantly between the IFN beta-1a group and 
the control group (9.7 vs 8.3 days); dura-
tions of hospital stay, ICU stay, and me-
chanical ventilation also did not differ be-
tween the groups. Discharge rate on day 14 
(67% vs 44%) was higher and 28-day overall 
mortality rate (19 vs 44%) was significantly 
lower with IFN beta-1a compared with 
control; early initiation of IFN beta-1a (<10 
days after symptom onset), but not late 
initiation of the drug (≥10 days after symp-
tom onset), was associated with reduced 
mortality. NOTE: Total of 92 patients were 
randomized; results are based on the 42 
IFN beta-1a-treated patients and 39 control 
patients who completed the study. Diagno-
sis of COVID-19 was based on RT-PCR 
testing (64%) or clinical manifestations/
imaging findings (36%). Other concomitant 
therapies included corticosteroids and im-
mune globulin (IFN beta-1a group: 62 and 
36%, respectively; control group: 44 and 
26%, respectively).  Patients were recruited 
from general, intermediate, and ICU wards; 
45% of the IFN beta-1a-treated patients 
and 59% of the control patients were ad-
mitted to ICU; 36 and 44%, respectively, 
required invasive mechanical ventilation. 
Mean time from symptom onset to treat-
ment initiation was 11.7 days for the IFN 
beta-1a group and 9.3 days for the control 
group. 20 
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   Large, multinational, open-label, random-
ized, adaptive trial launched by the World 
Health Organization (WHO) to evaluate 
effects of 4 different treatments compared 
with local standard of care in adults hospi-
talized with COVID-19 and not previously 
treated with any of the study drugs 
(SOLIDARITY; NCT04315948): The protocol
-specified primary outcome is in-hospital 
mortality; protocol-specified secondary 
outcomes are initiation of ventilation and 
duration of hospitalization. Interim results 
have been reported, including results for 
the IFN beta-1a treatment arm. From 
March 22 to October 4, 2020, 2063 patients 
were randomized to receive IFN (given in 
conjunction with lopinavir and ritonavir [n 
=  651] or standard of care [n = 1412]) and 
2064 patients were randomized to IFN 
control (either lopinavir and ritonavir or 
standard of care, for the respective IFN 
regimens).  Most IFN-treated patients re-
ceived three 44-mcg doses of IFN beta-1a 
sub-Q over 6 days; where IV IFN was availa-
ble, patients on high-flow oxygen, ventila-
tors, or ECMO received 10 mcg IV once 
daily for 6 days. Preliminary data analysis 
for the intention-to-treat (ITT) population 
indicated that IFN did not reduce in-
hospital mortality (either overall or in any 
subgroup defined by age or ventilation 
status at study entry) and did not reduce 
the need for initiation of ventilation or the 
duration of hospitalization. The log-rank 
death rate ratio for IFN in the ITT popula-
tion was 1.16; 243/2050 patients treated 
with IFN (12.9%) and 216/2050 control 
patients (11%) died. About one-half of the 
patients randomized to receive IFN or IFN 
control received corticosteroids; this did 
not appear to affect the death rate ratio. 
The clinical relevance of the difference in 
the pharmacokinetic profiles of sub-Q and 
IV IFN is unclear.  23,  28 
  
Phase 2, randomized, double-blind, multi-
center, placebo-controlled study 
(NCT04385095; SG016) evaluating SNG001 
(inhaled IFN beta-1a) in adults with COVID
-19: In the in-hospital portion of the study, 
patients received SNG001 (IFN beta-1a 6 
million units via nebulizer once daily for up 
to 14 days) plus standard care or placebo  
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   plus standard care. The intention-to-treat 
population for the interim analysis included 
48 patients treated with SNG001 and 50 
patients given placebo. More patients in 
the SNG001 group had hypertension (69 vs 
41%) and received oxygen at baseline (77 
vs 58%), while more patients in the control 
group had diabetes mellitus (33 vs 12%) or 
cardiovascular disease (30 vs 19%). Median 
duration of symptoms before initiation of 
treatment was 10 days. Clinical outcomes 
were assessed on the WHO ordinal scale 
for clinical improvement; statistical models 
were adjusted for baseline and demograph-
ic factors. Hazard ratio for time to recovery 
(2.19) during the 14-day treatment period 
and odds ratios for recovery (3.19) and for 
improvement (2.32) on day 15 or 16 fa-
vored SNG001 over placebo. The study has 
been extended to include 120 patients in 
the home setting. 16, 22, 27, 29 
  
Aerosolized IFN alfa (not commercially 
available in U.S.) has been used in China in 
children and adults for treatment of COVID-
19, 13, 14, 15  but limited clinical data present-
ed to date. 11 In a retrospective study of 77 
hospitalized adults with moderate COVID-
19 disease who received aerosolized IFN 
alfa-2b (5 million units twice daily) (n = 7), 
umifenovir (Arbidol®) (n = 24), or both 
drugs (n = 46), time from symptom onset to 
negative RT-PCR result in throat swab ap-
peared to be shorter in those receiving IFN 
alfa-2b alone or in combination with 
umifenovir compared with those receiving 
umifenovir alone; this exploratory study 
was small and nonrandomized, and treat-
ment groups were of unequal size and de-
mographically unbalanced in age, comor-
bidities, and time from symptom onset to 
treatment. 15 
  
Retrospective cohort study in 446 hospi-
talized patients who received antiviral ther-
apy for COVID-19 suggested that early IFN 
alfa-2b therapy (within first 5 days of hos-
pitalization) was associated with reduced in
-hospital mortality while late IFN alfa-2b 
therapy was associated with increased 
mortality and delayed recovery. In this 
study, 48.4% of patients received early IFN 
therapy, 6% received late IFN therapy, and  
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   46% received no IFN. Median time from 
symptom onset to admission was 6 days, 
and median time from admission to first 
IFN dose was 2 or 8.5 days in the early or 
late IFN group, respectively. Median dura-
tion of IFN therapy was 10 or 8.5 days in 
the early or late IFN group, respectively. 30 
  
Preliminary, retrospective, single-center, 
matched case-control study in 104 patients 
hospitalized with COVID-19 suggested that 
IFN alfa-2b therapy (100,000 units by inha-
lation 4 times daily for 7 days) did not re-
duce the duration of viral shedding. Dura-
tion of viral shedding (based on 2 consecu-
tive negative RT-PCR results) was not sig-
nificantly different between the matched-
pair groups (12 days in 32 IFN-treated pa-
tients vs 15 days in 32 control patients [no 
IFN treatment]). 31 
  
Randomized, double-blind, placebo-
controlled trial (NCT04354259) in 60 adults 
with confirmed SARS-CoV-2 infection: Pa-
tients who received pegIFN lambda-1a 
(single 180-mcg sub-Q injection) within 7 
days of symptom onset or first positive 
nasal swab test (if asymptomatic) had 
greater reduction in viral load compared 
with those receiving placebo. By day 7 after 
treatment, 80% of pegIFN lambda-1a recip-
ients and 63% of placebo recipients had 
undetectable SARS-CoV-2 RNA. After con-
trolling for a higher baseline viral load in 
the pegIFN lambda-1a group compared 
with the placebo group (6.16 vs 4.87 log10 

copies/mL; 5 vs 10 patients in these respec-
tive groups had undetectable SARS-CoV-2 
RNA on day of randomization), patients in 
the pegIFN lambda-1a group were more 
likely to have undetectable viral RNA by 
day 7 after treatment (odds ratio 4.12; 95% 
CI 1.15-16.73). At low viral loads, viral 
clearance tended to occur rapidly regard-
less of treatment assignment. Studies es-
tablishing clinical benefit (e.g., effects on 
morbidity, mortality, or virus transmission) 
still required.  32 
 
Other trials evaluating sub-Q pegIFN lamb-
da-1a (not commercially available in U.S.) 
for treatment or postexposure prophylaxis 
of SARS-CoV-2 infection are registered at 
clinicaltrials.gov. 5 
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Nitric oxide 
(inhaled) 
  
Updated 
1/28/21 

48:48 Vasodi-
lating Agent 

Selective pulmonary vaso-
dilator with bronchodilato-
ry and vasodilatory effects 
in addition to other sys-
temic effects mediated 
through cGMP-dependent 
or independent mecha-
nisms; may be useful for 
supportive treatment of 
acute respiratory distress 
syndrome (ARDS), a com-
plication of COVID-19 2, 3, 9, 

11, 14 
  
Also has been shown to 
have antiviral effects. 1, 14, 

19  In vitro evidence of di-
rect antiviral activity 
against severe acute res-
piratory syndrome corona-
virus (SARS-CoV-1) has 
been demonstrated 1, 14. 19 
  
  
In a small pilot study (Chen 
et al.) conducted during 
the SARS outbreak, treat-
ment with inhaled nitric 
oxide was found to reverse 
pulmonary hypertension, 
improve severe hypoxia, 
and shorten the duration 
of ventilatory support in 
critically ill SARS patients  2, 

3 
  
Genetic similarity between 
SARS-CoV and SARS-CoV-2 
suggests potential benefit 
in patients with COVID-19 
1, 14 
  

The available evidence indicates that in-
haled nitric oxide can modestly improve 
oxygenation in patients with ARDS, but has 
no mortality benefit and may cause possi-
ble harm (e.g., renal impairment). 4-6, 9  It is 
not clear whether or how COVID-19-
associated ARDS differs from ARDS related 
to other etiologies. 18, 20 
 
Evidence supporting the use of inhaled 
nitric oxide in COVID-19 patients is current-
ly limited. 15, 16 
  
Various case reports, case series, and ob-
servational studies have described the use 
of inhaled nitric oxide in mechanically ven-
tilated patients with COVID-19. 13, 15, 16  
Findings generally have been inconsistent, 
with some improvement in oxygenation 
reported in some studies and minimal to no 
improvement in others; various dosages of 
inhaled nitric oxide were used and patients 
were receiving other therapies confound-
ing interpretation of the data.13, 15-17, 23-25 
  
In a small cohort (n=6) of pregnant women 
with hypoxic respiratory failure secondary 
to COVID-19, intermittent twice-daily treat-
ments with high-dose inhaled nitric oxide 
(160-200 ppm for 30 minutes to 1 hour 
administered to spontaneously breathing 
patients using a mask) improved systemic 
oxygenation. The decision to use a high 
dose of inhaled nitric oxide was based on 
prior reports showing broad antimicrobial 
effects of such high doses. However, fetal 
parameters and the development of acute 
kidney injury (a known complication of 
nitric oxide therapy) were not monitored. 19 
  
Results of a retrospective, single-center, 
observational study in intubated patients 
with COVID-19 and refractory hypoxemia 
did not show significant improvement in 
oxygenation metrics following treatment 
with inhaled epoprostenol or inhaled nitric 
oxide. In this study, 38 patients initially 
received inhaled epoprostenol (starting 
dose of 0.05 mcg/kg per minute, continued 
based on PaO2 response); 11 patients who 
did not respond to epoprostenol were tran-
sitioned to inhaled nitric oxide (starting 
dose of 20 ppm, titrated up to 80 ppm 
based on PaO2 response). Although 42.1%  

In the Chen et al. study in severe 
SARS patients, inhaled nitric oxide 
therapy was given for ≥3 days (30 
ppm on day 1, followed 
by 20 and 10 ppm on days 2 and 3, 
respectively, then weaned on day 4; 
therapy was resumed at 10 ppm if 
deteriorating oxygenation occurred) 
2 
  
Dosages of inhaled nitric oxide used 
in patients with COVID-19 have var-
ied. (See Trials or Clinical Experi-
ence.) 

The NIH COVID-19 Treatment Guide-
lines Panel and the Surviving Sepsis 
Campaign recommend against the rou-
tine use of inhaled nitric oxide in me-
chanically ventilated adults with COVID-
19 and  ARDS.10, 12 
These experts state that a trial of in-
haled pulmonary vasodilator may be 
considered as rescue therapy in me-
chanically ventilated adults with COVID-
19, severe ARDS, and hypoxemia; how-
ever, if no rapid improvement in oxy-
genation is observed, the patient should 
be tapered off treatment 10, 12 
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   of patients who received epoprostenol and 
63.6% of patients who received nitric oxide 
were considered responders (defined as an 
increase in PaO2/FiO2 by >10%), there were 
no significant changes in other oxygenation 
parameters or clinical outcomes. Limita-
tions of the study include its retrospective 
nature and small sample size. 18 
  
In a report describing administration of 
inhaled nitric oxide (initial dose 30 ppm; 
mean duration of therapy 2.1 days) to 39 
spontaneously breathing patients with 
laboratory-confirmed COVID-19 (29 were 
initially admitted to the general medical 
floor and 24 of these patients later re-
quired transfer to the ICU), approximately 
half of the patients did not require invasive 
mechanical ventilation after treatment. 
These findings suggest a role of inhaled 
nitric oxide in preventing progression of 
hypoxic respiratory failure; however, ran-
domized controlled studies are needed. 21 
  
In a single-center prospective study, 34 
critically ill adults with COVID-19 received 
inhaled nitric oxide (10 ppm administered 
through the inspiratory limb of the ventila-
tor tubing when PaO2/FiO2  <150). A re-
sponse (defined as improvement in PaO2/
FiO2 of >20% during the 30 minutes follow-
ing administration) was achieved in 65% of 
the patients. 22 
  
Nitric oxide may be included in some 
COVID-19 clinical trials registered at clini-
caltrials.gov.3 

  

Ruxolitinib 
(Jakafi®) 
  
Updated 
4/30/21 
  

10:00 
Antineoplastic 
Agents 
  

Janus kinase (JAK) 1 and 2 
inhibitor; 7 may potentially 
combat cytokine release 
syndrome (CRS) in severely 
ill patients 4, 5 
  
May reduce inflammation 
via JAK inhibition, but 
study based on artificial 
intelligence (AI)-derived 
methodology suggests that 
clinically tolerated concen-
trations of ruxolitinib may 
be unlikely to reduce viral 
infectivity by disrupting  

** Although some small studies have sug-
gested possibility of benefit from ruxolitinib 
in patients with COVID-19, 2 placebo-
controlled, phase 3 trials have failed to 
meet key end points. 
  
Single-hospital retrospective chart review: 
Based on the hospital’s COVID-19 treat-
ment algorithm, patients with severe 
COVID-19 were prospectively stratified 
using a newly developed clinical inflamma-
tion score (CIS; maximum score = 16); those 
identified as being at high risk for systemic 
inflammation (CIS ≥10, without sepsis) 
were evaluated for ruxolitinib treatment;  

Various dosages are being evaluated  
3, 10 
 Phase 3 study (NCT04362137; 
RUXCOVID): Ruxolitinib 5 mg orally 
twice daily 
for 14 days with possible 
extension to 28 days (study failed to 
demonstrate efficacy). 10, 19 
  
Phase 3 study (NCT04377620; 
RUXCOVID-DEVENT; 369 DEVENT): 
Ruxolitinib 5 or 15 mg orally twice 
daily  (study failed to meet primary 
end point). 12, 21 
  

NIH COVID-19 Treatment Guidelines 
Panel recommends against use of JAK 
inhibitors other than baricitinib (see 
Baricitinib entry in this table) for the 
treatment of COVID-19 except in the 
context of a clinical trial. 8 
  
Severe reactions requiring drug discon-
tinuance observed in 2 COVID-19 pa-
tients following initiation of ruxolitinib: 
purpuric lesions with thrombocytopenia 
and  deep-tissue infection in one pa-
tient, and progressive decrease in he-
moglobin and erythrodermic rash over 
the whole body surface area in the  
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  regulators of endocytosis 
(e.g., AP2-associated pro-
tein kinase 1 [AAK1]). 16 
(See Baricitinib entry in this 
table.) 
  
Ability to inhibit a variety 
of proinflammatory cyto-
kines, including interferon, 
has been raised as a possi-
ble concern with the use of 
JAK inhibitors in the man-
agement of hyperinflam-
mation resulting from viral 
infections such as COVID-
19 5, 7 
  

14 patients received ruxolitinib (median 
cumulative dose: 135 mg [52.5-285 mg], 
median treatment duration: 9 days [5-17 
days]) initiated at a median of 15.5 days (5-
24 days) after symptom onset. A decrease 
in CIS of ≥25% from baseline to day 7 was 
observed in 12 of 14 patients. At baseline, 
10 required noninvasive ventilation, 3 re-
quired supplemental oxygen, and 1 re-
quired invasive ventilation. 14 
  
Prospective, randomized, single-blind, 
placebo-controlled study in adults with 
severe COVID-19: Patients received rux-
olitinib (5 mg orally twice daily) plus stand-
ard care (n = 20)  or placebo (ascorbic acid 
100 mg orally  twice daily) plus standard 
care (n = 21); no significant difference ob-
served between ruxolitinib and placebo in 
time to clinical improvement (defined as 
hospital discharge or a 2-point improve-
ment on a 7-category ordinal scale) alt-
hough median time to improvement was 
numerically shorter with ruxolitinib (12 vs 
15 days). Chest CT improvement observed 
at day 14 in greater proportion of rux-
olitinib-treated vs placebo-treated patients 
(90 vs 62%). By day 28, 3 patients had died 
(all 3 in placebo group). Note: Median time 
from symptom onset to randomization was 
20 days; most patients in both treatment 
groups received systemic corticosteroids 
(71%) and antivirals (90%). Study excluded 
critically ill and ventilator-dependent pa-
tients. Interpretation is limited by small 
sample size. 13 
  
Compassionate use of ruxolitinib in mainly 
older adults with RT-PCR-confirmed COVID
-19 with severe respiratory manifestations 
but not requiring invasive mechanical 
ventilation in Italy: Patients (n = 34) re-
ceived ruxolitinib (5 mg twice daily, in-
creased to 10 mg twice daily or 25 mg daily 
if respiratory function not improved); rux-
olitinib was initiated at a median of 8 days 
after symptom onset; median dose was 20 
mg daily and median treatment duration 
was 13 days. Median patient age was 80.5 
years (53% were ≥80 years of age and 35% 
were 60-79 years of age); 85% of patients 
had ≥2 comorbidities. Concomitant thera-
pies included hydroxychloroquine (91%),  

 second patient; these cases differed in 
the timing of ruxolitinib initiation and 
the severity of COVID-19 illness. 11 How-
ever, clinical trials have identified no 
substantial safety concerns with rux-
olitinib in patients with COVID-19. 19 
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   antimicrobials (77%), antivirals (62%), and 
corticosteroids (29%). Cumulative incidence 
of clinical improvement (decrease of ≥2 
categories on a 7-category ordinal scale 
within 28 days) was 82%; overall survival at 
day 28 was 94%. Clinical improvement was 
not affected by low-flow versus high-flow 
oxygen support but was less frequent in 
patients with PaO2/FiO2 ratio <200. 17 
  
Compassionate use of ruxolitinib in combi-
nation with eculizumab (a terminal com-
plement inhibitor) in adults with RT-PCR-
confirmed COVID-19 and associated pneu-
monia or acute respiratory distress syn-
drome (ARDS) in Italy:  Consecutive pa-
tients received ruxolitinib (10 mg twice 
daily for 14 days) and eculizumab (900 mg 
IV once weekly for 2 or 3 doses) (n = 7) or 
best available therapy (n = 10; control). 
Greater improvement in median PaO2   and 
PaO2/FiO2 ratio and greater increase in 
platelet count observed on day 7 in pa-
tients receiving ruxolitinib and eculizumab 
compared with control patients. All pa-
tients received antibiotic prophylaxis 
(azithromycin) and all patients except 2 in 
control group received hydroxychloro-
quine; greater proportion of patients in the 
ruxolitinib and eculizumab group compared 
with the control group received low-dose 
corticosteroids (5/7 vs 3/10) and sub-Q 
heparin (7/7 vs 5/10). Randomized, con-
trolled trials needed to confirm these pre-
liminary data. 15 
  
Small retrospective cohort study of adults 
with RT-PCR-confirmed COVID-19 and 
associated ARDS: Total of 18 patients with 
PaO2/FiO2 ratio of 100 to <200 and rapid 
clinical worsening of respiratory function 
received ruxolitinib (20 mg twice daily for 
initial 48 hours, with subsequent stepwise 
dosage reductions based on response, for a 
maximum of 14 days of treatment); rux-
olitinib was initiated at a median of 9 days 
after symptom onset. Other therapies were 
used according to local practice. Clinical 
improvements in respiratory function with-
in 48 hours and avoidance of mechanical 
ventilation reported in 16 patients; sponta-
neous breathing with pO2  >98% reported 
on day 7 in 11 patients; no response re-
ported in 2 patients. No patients died. 18  
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   Phase 3 randomized, double-blind, place-
bo-controlled, global clinical trial 
(NCT04362137; RUXCOVID) failed to con-
firm efficacy of ruxolitinib in 432 patients 
≥12 years of age with COVID-19-associated 
cytokine storm (sponsored by Novartis/
Incyte). 1, 10, 19  Manufacturer announced 
results (not peer reviewed) indicating that 
ruxolitinib (5 mg orally twice daily for 14 
days, with possible extension to 28 days) 
plus standard care did not reduce the pro-
portion of patients experiencing severe 
complications (death, respiratory failure 
requiring mechanical ventilation, or ICU 
admission) by day 29, compared with 
standard care alone (12 vs. 11.8%); in addi-
tion, no clinically relevant benefits were 
observed among secondary or exploratory 
end points, including mortality rate by day 
29 and time to recovery. 19 
  
** Phase 3, randomized, double-blind, 
placebo-controlled clinical trial 
(NCT04377620; RUXCOVID-DEVENT; 369 
DEVENT) failed to confirm the primary effi-
cacy end point for ruxolitinib in 211 pa-
tients ≥12 years of age with COVID-19-
associated acute respiratory distress syn-
drome (ARDS) who required mechanical 
ventilation (sponsored by Incyte). 12, 20, 21 
Manufacturer announced results (not peer 
reviewed) indicating that ruxolitinib (5 or 
15 mg orally twice daily) plus standard care 
did not reduce all-cause mortality (adjusted 
for ARDS severity) through day 29 com-
pared with placebo plus standard care (5 
mg vs. placebo: 55.2 vs. 74.3%; 15 mg vs. 
placebo: 51.8 vs. 69.6%). Manufacturer 
announced that a mortality benefit was 
observed when data for both dosages were 
pooled; a mortality benefit also was ob-
served for both the 5- and 15-mg dosages 
in the subset of patients enrolled in the 
U.S. (n = 191). Most patients received con-
current or prior therapy with remdesivir 
(55%) and corticosteroids (90%). The study 
was terminated at the time of the above 
planned interim analysis. Initial targeted 
enrollment was 500 patients. 21 
  
Expanded-access (managed-access, com-
passionate use) program (NCT04337359) 
for adults and children ≥6 years of age with  
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   severe or very severe COVID-19 illness: No 
longer available. 1, 2 
  
Expanded-access program (NCT04355793) 
for emergency treatment of cytokine storm 
from COVID-19 infection in adults and pedi-
atric patients ≥12 years of age; address 
inquiries to Incyte (855-463-3463 or me-
dinfo@incyte.com). 9, 20, 21, 22 
  
Other clinical trials evaluating ruxolitinib in 
COVID-19 also may be registered at clinical-
trials.gov. 3 

  

Sarilumab 
(Kevzara®) 
  
Updated 
4/30/21 

92:36 Disease-
modifying Anti
-rheumatic 
Drug 

Recombinant humanized 
monoclonal antibody spe-
cific for the interleukin-6 
(IL-6) receptor; IL-6 is a 
proinflammatory cytokine.  
Sarilumab may potentially 
combat cytokine release 
syndrome (CRS) and pul-
monary symptoms in se-
verely ill patients 1, 2, 5, 7 

Results  from randomized clinical trials 
evaluating efficacy of sarilumab in the 
treatment of patients with COVID-19 have 
been conflicting. 7, 11, 12, 13 
  
Based on encouraging results in China with 
a similar drug, tocilizumab, a large, U.S.-
based, phase 2/3, randomized, double-
blind, placebo-controlled, adaptively de-
signed study (NCT04315298) evaluating 
efficacy and safety of sarilumab in patients 
hospitalized with severe COVID-19 was 
performed.  3, 4, 7, 9, 10, 12  Patients in this 
study were randomized (2:2:1) to receive 
sarilumab 400 mg, sarilumab 200 mg, or 
placebo. Randomization was stratified by 
severity of illness (e.g., severe, critical, mul-
tisystem organ dysfunction) and use of 
systemic corticosteroids. 7, 12  In the phase 2 
part of the study, sarilumab at both dosag-
es reduced C-reactive protein (CRP) levels. 7 
The primary efficacy outcome measure in 
phase 3 was the change on a 7-point scale; 
this phase was modified to focus on the 
400-mg dose of sarilumab in the critically ill 
patient group. 7  During the course of the 
trial, there were many amendments that 
increased the sample size and modified the 
dosing strategies, and multiple interim 
analyses were performed. 7. 9   The results 
did not demonstrate a clinical benefit of 
sarilumab for any of the disease severity 
subgroups or dosing strategies studied. 7, 9, 

12 
A second manufacturer-sponsored phase 3 
clinical trial was conducted in countries 
outside the U.S. (Argentina, Brazil, Cana-
da, Chile, France, Germany, Israel, Italy, 
Japan, Spain) in 420 severely or critically ill 
patients hospitalized with COVID-19 did not  

Large US-based controlled study 
(NCT04315298):  Dosage of 400 mg 
IV as a single dose or multiple doses 
(based on protocol criteria); the low-
er-dose (200-mg) treatment arm was 
discontinued following a preliminary 
analysis of study results 9, 10 (see 
Trials or Clinical Experience) 
  
In the REMAP-CAP trial, patients 
received a single 400-mg IV dose 13 
  
Note: IV formulation not commer-
cially available in the U.S., but was 
studied in the above-mentioned 
clinical trial.  The sub-Q formulation 
is not FDA-labeled to treat cytokine 
release syndrome (CRS) in the U.S. 7 
  

** NIH COVID-19 Treatment Guidelines 
Panel states that there are insufficient 
data for the Panel to recommend ei-
ther for or against use of sarilumab for 
hospitalized patients with COVID-19 
who are within 24 hours of admission to 
the ICU and who require invasive me-
chanical ventilation, noninvasive venti-
lation, or high-flow oxygen (>0.4 FiO2/30 
L/min oxygen flow) 7 (See Tocilizumab in 
this Evidence Table.) 
  
No new safety findings observed with 
use in COVID-19 patients 9 
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   meet its primary endpoint and key second-
ary endpoint when sarilumab was com-
pared with placebo in addition to usual 
hospital care. Although not statistically 
significant, trends were observed toward a 
decrease in duration of hospital stay, an 
acceleration in time to improved clinical 
outcomes, reduced mortality in the critical-
ly ill patient group not seen in the severely 
ill group, and a shortened time to dis-
charge. 9, 11 
 
Multicenter, ongoing, international open-
label trial using a randomized, embedded 
multifactorial adaptive platform 
(NCT02735707; REMAP-CAP): This trial 
randomized patients to multiple interven-
tions within multiple domains. In the COVID
-19 immune modulation therapy domain, 
adults with suspected or confirmed COVID-
19 following admission to an ICU for respir-
atory or cardiovascular organ support were 
randomized to receive either tocilizumab 
(353 patients; 8 mg/kg by IV infusion over 1 
hour; dose may be repeated 12-24 hours 
later) or sarilumab (48 patients; single 400-
mg dose by IV infusion over 1 hour) or 
standard care (402 patients; control group; 
corticosteroids were included as standard 
of care) within 24 hours of commencing 
organ support in an intensive care unit. 
Over 80% of the patients in the study re-
ceived corticosteroids. The primary out-
come was an ordinal scale combining in-
hospital mortality and days free of organ 
support to day 21. Compared with standard 
care, treatment with sarilumab or tocili-
zumab decreased in-hospital mortality 
(mortality was 22% for sarilumab and 28% 
for tocilizumab vs 36% for the standard of 
care).  Compared with standard of care, 
sarilumab and tocilizumab also improved in
-hospital survival and increased the num-
ber of organ support-free days. 7, 13 
  
Italian case series (Benucci et al.) describes 
8 patients hospitalized with COVID-19 
pneumonia at one hospital in Florence 
treated with sarilumab (initial 400-mg IV 
dose followed by 200-mg IV doses after 48 
and 96 hours) in addition to standard ther-
apy (hydroxychloroquine, azithromycin, 
darunavir, cobicistat, enoxaparin).  
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   Treatment was started within 24 hours of 
hospitalization.  Sarilumab was used in 
these patients because of a lack of tocili-
zumab at this institution. Seven of the pa-
tients demonstrated an improvement in 
oxygenation and lung echo score and were 
discharged within 14 days; the remaining 
patient died in 13 days. 8 
  
Various clinical trials evaluating sarilumab 
for the treatment of COVID-19 are regis-
tered at clinicaltrials.gov. 10 

  

Siltuximab 
(Sylvant®) 
  
Updated 
4/29/21 

10:00 
Antineoplastic 
agents 

Recombinant chimeric 
monoclonal antibody spe-
cific for the interleukin-6 
(IL-6) receptor; may poten-
tially combat cytokine re-
lease syndrome (CRS) 
symptoms (e.g., fever, 
organ failure, death) in 
severely ill patients 1-5 
  
  

Only limited, unpublished data available 
describing efficacy in patients with COVID-
19 
  
Italy: Non-peer-reviewed findings from an 
observational cohort study of 30 patients 
with COVID-19 and pneumonia/acute res-
piratory distress syndrome (ARDS) who 
participated in a compassionate use pro-
gram in one hospital in Italy (SISCO study; 
NCT04322188)  and were followed for at 
least 30 days showed reduced C-reactive 
protein (CRP) levels by day 14. The siltuxi-
mab-treated patients were  compared with 
30 propensity score-matched patients re-
ceiving best supportive care. The 30-day 
mortality rate was substantially lower in 
the siltuximab group compared with the 
matched-control cohort. Out of the 30 
patients treated with siltuximab, 16 (53%) 
were discharged from the hospital, 4 (13%) 
remained hospitalized on mechanical venti-
lation, and 10 patients died. 4, 6 
  
Various clinical trials evaluating siltuximab 
for the treatment of COVID-19 are regis-
tered at clinicaltrials.gov 10 

In the SISCO study in Italy, patients 
received an initial dose of siltuximab 
11 mg/kg by IV infusion over 1 hour; 
a second dose could be administered 
at the physician’s discretion  4 
  
Other clinical studies under way are 
evaluating a single siltuximab dose of 
11 mg/kg by IV infusion 7, 8 

Efficacy and safety of siltuximab in the 
treatment of COVID-19 not established 
  
NIH COVID-19 Treatment Guidelines 
Panel recommends against use of sil-
tuximab in the treatment of COVID-19, 
except in a clinical trial 9 
  
Pediatric use: Safety and efficacy of 
siltuximab have not been established in 
pediatric patients 1, 9 
  

Sirolimus 
(Rapamune®) 
  
Updated 
3/25/21 

92:44 Immu-
nosuppressive 
agent; mam-
malian target 
of rapamycin  
(mTOR) inhibi-
tor 

mTOR complex 1 
(mTORC1) is involved in 
the replication of various 
viruses, including corona-
virus 1, 2, 5 
  
In vitro studies demon-
strated inhibitory activity 
against MERS-CoV infec-
tion 2 
  
Limited experience in pa-
tients with H1N1 pneumo-
nia suggests possible  

A few clinical trials evaluating sirolimus for 
the treatment of COVID-19 are registered 
at clinicaltrials.gov 

Various dosing regimens are being 
evaluated in registered trials 4 

Although possible clinical application, 
current data not specific to COVID-19; 
additional study needed 5 
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  benefit; in one study, treat-
ment with sirolimus 2 mg 
daily in conjunction with 
corticosteroids for 14 days 
was associated with im-
proved patient outcomes 
(e.g., shortened duration 
of mechanical ventilation, 
improved hypoxia and 
multiorgan function) 3 
  
T cell dysregulation has 
been observed in patients 
with severe COVID-19 and 
is thought to be a possible 
cause of cytokine storm; 
when given early prior to 
the cytokine storm phase, 
sirolimus may prevent 
progression to severe 
COVID-19 by restoring T-
cell functionality 7 

   

Tocilizumab 
(Actemra®) 
  
Updated 
4/30/21 

92:36 Disease-
modifying Anti
-rheumatic 
Drug 

Recombinant humanized 
monoclonal antibody spe-
cific for the interleukin-6 
(IL-6) receptor; IL-6 is a 
proinflammatory cytokine.  
Tocilizumab may potential-
ly combat cytokine release 
syndrome (CRS) and pul-
monary symptoms in se-
verely ill COVID-19 patients 
1-3, 6, 9,10, 14 
  

Results from randomized clinical trials eval-
uating efficacy of tocilizumab in the treat-
ment of patients with COVID-19 have been 
conflicting. 9, 15, 16, 18-22 
  
In preliminary data from a non-peer-
reviewed, single-arm, observational Chi-
nese trial (Xu et al.) involving 21 patients 
with severe or critical COVID-19 infection, 
patients demonstrated rapid fever reduc-
tion and a reduced need for supplemental 
oxygen within several days after receiving 
tocilizumab (initially given as a single 400-
mg dose by IV infusion; this dose was re-
peated within 12 hours in 3 patients be-
cause of continued fever) 3 
In a retrospective, observational study  in 
China (Luo et al.) involving 15 patients 
moderately to critically ill with COVID-19, 
tocilizumab (80-600 mg per dose) was giv-
en, and was used in conjunction with 
methylprednisolone in 8 of the patients.  
About one-third of the patients received 2 
or more doses of tocilizumab. Elevated C-
reactive protein (CRP) levels rapidly de-
creased in most patients following treat-
ment, and a gradual decrease in IL-6 levels 
was noted in patients who stabilized fol-
lowing tocilizumab administration. Clinical 
outcomes were equivocal. 10 

Tocilizumab is typically given IV to 
treat cytokine release syndrome 
(CRS) and in patients with COVID-19; 
however, the drug has been given 
subcutaneously in some patients.  9, 

17 
 In the REMAP-CAP trial, patients 
received a single dose of 8 mg/kg 
based on actual body weight (up to a 
maximum of 800 mg) by IV infusion; 
this dose could be repeated 12-24 
hours later at the discretion of the 
treating clinician 21 
  
Based on the results from the 
REMAP-CAP and RECOVERY trials, 
the NIH COVID-19 Treatment Guide-
lines Panel recommends a single 8-
mg/kg dose (based on actual body 
weight) of tocilizumab by IV infusion 
(up to a maximum of 800 mg) in 
addition to dexamethasone (6 mg 
daily for ≤10 days) in certain pa-
tients (see Comments column).  An 
alternative corticosteroid to dexa-
methasone may be used in a thera-
peutically-equivalent dosage.  The 
Panel states that data are insuffi-
cient to determine which patients, if 
any, would benefit from an addi-
tional dose of tocilizumab. 9 

** NIH COVID-19 Treatment Guidelines 
Panel has revised recommendations 
regarding the use of tocilizumab in pa-
tients with COVID-19 based on the col-
lective evidence from clinical trials re-
ported to date. 9 
  
The Panel recommends use of tocili-
zumab (single IV dose of 8 mg/kg of 
actual body weight, up to 800 mg) in 
combination with dexamethasone (6 
mg daily for ≤10 days) in certain hospi-
talized patients who are exhibiting 
rapid respiratory decompensation 
caused by COVID-19: 9 
  
1) Recently hospitalized patients (e.g., 
within 3 days) admitted to the ICU 
within the prior 24 hours and who re-
quire invasive mechanical ventilation, 
noninvasive ventilation, or high-flow 
oxygen (>0.4 FiO2/30 L/min oxygen 
flow) by nasal cannula. 9 
  
2) Recently hospitalized patients (e.g., 
within 3 days) not admitted to the ICU 
with rapidly increasing oxygen needs 
who require noninvasive ventilation or 
high-flow nasal cannula oxygen and who 
have significantly increased markers of 
inflammation (CRP ≥75 mg/L). 9 
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   A single-center, retrospective observational 
study of 20 kidney transplant recipients in 
Italy with COVID-19 hospitalized for pneu-
monia included 6 patients who received 
tocilizumab.  Half of the patients experi-
enced reduced oxygen requirements and 2 
(33%) showed improved radiologic findings 
following administration; 2 (33%) of the 6 
tocilizumab-treated patients died. 12 
  
Italy:  A prospective, open, single-arm, 
multicenter study evaluated use of tocili-
zumab in 63 hospitalized adults with severe 
COVID-19. Patients received either tocili-
zumab IV (8 mg/kg) or SQ (324 mg) based 
on drug availability; a second dose given 
within 24 hours was administered to 52 of 
the 63 patients.  Following tocilizumab 
administration, fevers resolved in all but 
one patient within 24 hours and C-reactive 
protein (CRP), ferritin, and D-dimer levels 
declined from baseline to day 14. The 
PaO2/FiO2 ratio improved between admis-
sion and Day 7.  Overall mortality was 11%.  
Tocilizumab appeared to be well tolerat-
ed.17 
  
Zhang et al. from China reported on a pa-
tient with COVID-19 and multiple myeloma 
who appeared to be successfully treated 
with tocilizumab 13 
  
France:  An investigator-initiated, multi-
center, open-label, randomized clinical trial 
(CORIMUNO-TOCI, NCT04331808)      evalu-
ated tocilizumab in patients hospitalized at 
Assistance Publique – Hôpitaux de Paris 
hospitals in Paris. 15, 16, 20 Sixty-four out of 
131 adults with moderate to severe COVID-
19 pneumonia not requiring intensive care 
upon admission were randomized to re-
ceive tocilizumab 8 mg/kg (1–2 doses) 
along with standard of care, and 67 pa-
tients were randomized to receive standard 
of care alone. Tocilizumab did not reduce 
scores on the World Health Organization 10
-point Clinical Progression Scale (WHO-CPS) 
to <5 on day 4 but may have reduced the 
risk of noninvasive ventilation, mechanical 
ventilation, or death by day 14. No differ-
ence in day 28 mortality was found. 20 
  
 

US/Global randomized, placebo-
controlled trial (manufacturer spon-
sored; COVACTA):  Evaluated an 
initial IV infusion of 8 mg/kg (up to a 
maximum dose of 800 mg); one addi-
tional dose was given if symptoms 
worsened or showed no improve-
ment 8, 18 
  
Boston Area COVID-19 Consortium 
(BACC) Bay Tocilizumab Trial used a 
single 8-mg/kg IV dose (up to a maxi-
mum dose of 800 mg) 19 

For hospitalized patients with hypox-
emia who require conventional oxygen 
therapy, the Panel states that there is 
currently insufficient evidence to speci-
fy which of these patients would bene-
fit from the addition of tocilizumab.  
Some Panel members would also use 
tocilizumab in patients exhibiting rap-
idly increasing oxygen needs while on 
dexamethasone and who have a CRP 
≥75 mg/L, but who do not yet require 
noninvasive ventilation or high-flow 
oxygen as described above. 9 
  
The Panel states that use of tocilizumab 
should be avoided in patients with 
significant immunosuppression, particu-
larly in those with a history of recent 
use of biologic immunomodulating 
drugs; alanine transaminase levels >5 
times the upper limit of normal; high 
risk for GI perforation; uncontrolled, 
serious bacterial, fungal, or non-SARS-
CoV-2 viral infection; or absolute neu-
trophil count <500 cells/µL; platelet 
count <50,000 cells/µL, or known hyper-
sensitivity to tocilizumab. 9 
  
In addition, the Panel states the follow-
ing: 
  
Tocilizumab should only be given in 
combination with dexamethasone (or 
another corticosteroid at an equivalent 
dose). 9 
  
Some clinicians may assess a patient’s 
clinical response to dexamethasone first 
before deciding whether tocilizumab is 
needed. 9 
  
Although some patients in the REMAP-
CAP and RECOVERY trials received a 
second dose of tocilizumab at the 
treating physician’s discretion, there are 
insufficient data to determine which 
patients, if any, would benefit from an 
additional dose of the drug. 9 
  
Cases of severe and disseminated stron-
gyloidiasis reported with the use of 
tocilizumab and corticosteroids in pa-
tients with COVID-19.  Prophylactic  
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   US/Global randomized, placebo-controlled 
trial:  Manufacturer (Roche) conducted a 
randomized, double-blind, placebo-
controlled phase 3 trial (COVACTA; 
NCT04320615) in collaboration with the US 
Health and Human Services’ Biomedical 
Advanced Research Development Authority 
(BARDA). The study evaluated safety and 
efficacy of tocilizumab in combination with 
standard of care compared with placebo in 
adults hospitalized with severe COVID-19 
pneumonia. The trial failed to meet its 
primary endpoint of improved clinical sta-
tus at week 4 (determined using a 7-point  
scale to assess clinical status based on need 
for intensive care and/or ventilator use and 
requirement for supplemental oxygen) and 
several key secondary endpoints, including 
the key secondary endpoint of reduced 
patient mortality.18 
  
Boston Area COVID-19 Consortium (BACC) 
Bay Tocilizumab Trial:  In this investigator-
driven, randomized, placebo-controlled 
trial (NCT04356937), 243 adults with con-
firmed severe COVID-19, hyperinflammato-
ry states, and at least 2 of the following 
signs: fever (body temperature >38°C), 
pulmonary infiltrates, or need for supple-
mental oxygen in order to maintain SpO2 

>92% were randomly assigned in a 2:1 ratio 
to receive standard care plus a single IV 
dose of either tocilizumab (8 mg/kg) or 
placebo. The primary outcome was intuba-
tion or death, assessed in a time-to-event 
analysis. Secondary efficacy outcomes were 
clinical worsening and discontinuation of 
supplemental O2 among patients who had 
been receiving it at baseline, both assessed 
in time-to-event analyses. 58% of the en-
rolled patients were men, median age was 
59.8 years (range: 21.7 to 85.4 years), and 
45% of patients were Hispanic or Latino. 
The hazard ratio for intubation or death in 
the tocilizumab group compared with the 
placebo group was 0.83 (P = 0.64), and the 
hazard ratio for disease worsening was 1.11 
(P = 0.73). At 14 days, 18% of the pts in the 
tocilizumab group and 14.9% of those in 
the placebo group had worsening of dis-
ease. Median time to discontinuation of 
supplemental O2 was 5 days in the tocili-
zumab group and 4.9 days in the placebo  

 ivermectin should be considered for 
individuals who are from areas where 
strongyloidiasis is endemic. 9 
  
Pediatric use: There are insufficient 
data to recommend either for or against 
tocilizumab for the treatment of hospi-
talized children with COVID-19 or multi-
system inflammatory syndrome of chil-
dren (MIS-C). Tocilizumab has been 
used in children to treat cytokine re-
lease syndrome associated with CAR-T 
cell therapy and systemic and polyartic-
ular juvenile idiopathic arthritis.  9 
  
The role of routine cytokine measure-
ments (e.g., IL-6, CRP) in determining 
the severity of and treating COVID-19 
requires further study 14 
  

Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments 

https://www.ashp.org/COVID-19
https://creativecommons.org/licenses/by-nc/4.0/


Updated 04-30-2021. The current version of this document can be found on the ASHP COVID-19 Resource Center. 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International 

Page 95 

Copyright © 2021, American Society of Health-System Pharmacists, Inc. All rights reserved. 

   group (P = 0.69). At 14 days, 24.6% of pa-
tients in the tocilizumab group and 21.2% 
of those in the placebo group were still 
receiving supplemental O2. Patients who 
received tocilizumab had fewer serious 
infections than patients who received pla-
cebo. Tocilizumab was not found to be 
effective for preventing intubation or death 
in moderately ill hospitalized patients with 
COVID-19 in this study. Some benefit or 
harm cannot be ruled out, however, be-
cause the confidence intervals for efficacy 
comparisons were wide. 19 
  
Multicenter, ongoing, international open-
label trial using a randomized, embedded 
multifactorial adaptive platform 
(NCT02735707; REMAP-CAP): This trial 
randomized patients to multiple interven-
tions within multiple domains. In the COVID
-19 immune modulation therapy domain, 
adults with suspected or confirmed COVID-
19 following admission to an ICU for respir-
atory or cardiovascular organ support were 
randomized to receive either tocilizumab 
(353 patients; 8 mg/kg by IV infusion over 1 
hour; dose may be repeated 12-24 hours 
later) or sarilumab (48 patients; single 400-
mg dose by IV infusion over 1 hour) or 
standard care (402 patients; control group; 
corticosteroids were included as standard 
of care) within 24 hours of commencing 
organ support in an intensive care unit. 
Over 80% of the patients in the study re-
ceived corticosteroids. The primary out-
come was an ordinal scale combining in-
hospital mortality and days free of organ 
support to day 21. Compared with standard 
care, treatment with sarilumab or tocili-
zumab decreased in-hospital mortality 
(mortality was 22% for sarilumab and 28% 
for tocilizumab vs 36% for the standard of 
care). Compared with standard of care, 
sarilumab and tocilizumab also improved in
-hospital survival and increased the num-
ber of organ support-free days. 9, 21 
  
Randomized, controlled, open-label, 
platform trial (NCT04381936; RECOVERY):  
The RECOVERY trial is assessing several 
possible treatments in patients hospital-
ized with COVID-19 in hospitals through-
out the UK. Up to 21 days following the 
initial (main) randomization and regardless  
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   of the initial treatment allocation, partici-
pants in the RECOVERY trial with clinical 
evidence of progressive COVID-19 charac-
terized by hypoxia (O2 saturation <92% on 
air or requiring oxygen therapy) and evi-
dence of systemic inflammation (CRP con-
centrations ≥75 mg/L) could be considered 
for randomization to tocilizumab plus usual 
care or usual care alone. Preliminary results 
(not peer reviewed) for a total of 2094 
adults randomized to receive usual stand-
ard of care alone and 2022 adults random-
ized to receive tocilizumab by IV infusion 
(400-800 mg, based on weight; a second 
dose could be given within 12-24 hours) in 
addition to usual standard of care are avail-
able. At the time of randomization, 82% of 
these patients were receiving corticoster-
oids. The primary outcome measure was 28
-day mortality; 596 patients (29%) in the 
tocilizumab group died within 28 days 
compared with 694 patients (33%) in the 
standard of care group. Patients concur-
rently receiving corticosteroids and tocili-
zumab showed a clear mortality benefit.  
Patients who received tocilizumab also 
were more likely to be discharged from 
the hospital alive within 28 days than 
those receiving standard of care alone (54 
versus 47%, respectively). These benefits 
were seen in all patient subgroups, includ-
ing those requiring oxygen via a simple face 
mask through to those requiring mechani-
cal ventilation in an ICU. Among patients 
not receiving invasive mechanical ventila-
tion at baseline, tocilizumab was associated 
with a substantially lower risk of progress-
ing to invasive mechanical ventilation or 
death compared with standard of care 
alone (38 versus 33%, respectively). There 
was no evidence that tocilizumab had any 
effect on the chance of successful cessation 
of invasive mechanical ventilation. 22 
  
Various clinical trials evaluating tocili-
zumab for the treatment of COVID-19 are 
registered at clinicaltrials.gov. 5 
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Vitamin D 
  
Updated 
4/30/21 
  

88:16 
Vitamin D 
  

Vitamin D receptor is ex-
pressed on immune cells 
(e.g., B cells, T cells, 
antigen-presenting cells); 
these cells can synthesize 
and respond to active vita-
min D. 10, 13 
  
Vitamin D modulates in-
nate and adaptive immune 
responses; may downregu-
late proinflammatory cyto-
kines and upregulate anti-
inflammatory cytokines, 
increase T regulatory cell 
activity, and reduce cyto-
kine storm induced by 
innate immune system. 10, 

12, 13 
In an animal model of gram
-negative bacterial-induced 
acute lung injury (ALI), 
vitamin D modulated ex-
pression of renin, angio-
tensin II, angiotensin-
converting enzyme (ACE) 1, 
and ACE2, and attenuated 
ALI; studies needed to 
determine relevance to 
SARS-CoV-2 infection. 30, 31 
 
Vitamin D deficiency is 
associated with increased 
autoimmunity and in-
creased susceptibility to 
infection. 10, 13  In observa-
tional studies, low vitamin 
D concentrations have 
been associated with in-
creased risk of community-
acquired pneumonia in 
older adults and upper 
respiratory viral infections 
in children. 1, 8, 9 
  
Vitamin D deficiency is 
common in the U.S., partic-
ularly in Hispanic and Black 
populations (groups 
overrepresented among 
U.S. COVID-19 cases). 1, 14, 

20 
  

Only limited prospective clinical trial evi-
dence regarding efficacy of vitamin D sup-
plementation for treatment or prevention 
of COVID-19. 
  
Prevention of respiratory infections: 
Efficacy of vitamin D supplementation for 
prevention of influenza or other respiratory 
infections is unclear. 10 
  
Meta-analysis of 25 randomized, double-
blind, placebo-controlled trials including a 
total of 11,321 participants, either healthy 
or with comorbidities, indicated a protec-
tive effect for oral vitamin D supplementa-
tion against acute respiratory infection. 5 
  
A second systematic review and meta-
analysis of 15 randomized controlled trials 
involving approximately 7000 healthy indi-
viduals found that vitamin D supplementa-
tion did not reduce the risk of respiratory 
infections compared with placebo or no 
treatment. 11 
  
Outcomes in critically ill patients: 
Results of 2 randomized, double-blind, 
placebo-controlled clinical trials (VIOLET, 
VITdAL-ICU) in critically ill patients with 
vitamin D deficiency (but not with COVID-
19) indicated that high-dose vitamin D did 
not reduce hospital stay or mortality rate 
compared with placebo. Patients in both 
studies received a single enteral dose of 
540,000 international units (IU; units) of 
vitamin D3; patients in VITdAL-ICU also 
received oral maintenance doses (90,000 
units monthly for 5 months). 6, 7 
  
Outcomes in patients with COVID-19: 
Retrospective study (NCT04560608) in frail 
geriatric patients (mean age: 88 years; 
range: 78-100 years) hospitalized with 
COVID-19 suggested lower frequency of 
severe COVID-19 disease and lower 14-day 
mortality in those who received regular 
oral vitamin D supplementation (50,000 
units monthly or 80,000 or 100,000 units 
every 2–3 months) over the prior year (n = 
29) compared with those who received no 
supplementation, either over the prior year 
or following COVID-19 diagnosis (n = 32).  

Various dosages of vitamin D are 
being evaluated for prevention or 
treatment of COVID-19. 4 
  
High concentrations of vitamin D 
may cause hypercalcemia and 
nephrocalcinosis; 1 currently no con-
vincing scientific evidence that very 
high intake of vitamin D will be bene-
ficial in preventing or treating COVID-
19. 14 
 
National Academy of Sciences (NAS) 
guidelines for adequate dietary in-
take of vitamin D for bone health in 
US population: Estimated Average 
Requirement (EAR) in children and 
adults 1-70 years of age is 400 units 
(10 mcg) daily; Recommended Die-
tary Allowance (RDA) in these age 
groups is 600 units (15 mcg) daily. In 
adults >70 years of age, EAR is 400 
units (10 mcg) daily and RDA is 800 
units (20 mcg). These reference val-
ues assume minimal sun exposure. 26 
  
NAS states that data indicate that a 
serum 25-hydroxyvitamin D concen-
tration of 50 nmol/L is sufficient to 
meet the needs of 97.5% of the pop-
ulation and concentrations <30 
nmol/L are associated with clinical 
deficiency. 26 
  

Efficacy of vitamin D supplementation in 
the prevention or treatment of COVID-
19 has not been established. 1, 2, 3 Some 
experts recommend maintaining recom-
mended levels of vitamin D intake dur-
ing the COVID-19 pandemic to maintain 
bone and muscle health and avoid defi-
ciency.  2, 3, 14 
  
NIH COVID-19 Treatment Guidelines 
Panel states that there are insufficient 
data to recommend either for or against 
use of vitamin D for prevention or treat-
ment of COVID-19. 1 
  
Joint guidance from the American Socie-
ty for Bone and Mineral Research 
(ASBMR), American Association of Clini-
cal Endocrinologists (AACE), Endocrine 
Society, European Calcified Tissue Socie-
ty (ECTS), National Osteoporosis Foun-
dation (NOF), and International Osteo-
porosis Foundation (IOF) emphasizes 
importance of obtaining the recom-
mended daily dosage of vitamin D; for 
those unable to obtain recommended 
durations of direct sun exposure during 
the pandemic, recommended intake of 
vitamin D can be obtained through sup-
plemental vitamin D. The joint guidance 
states that current data do not provide 
any evidence that vitamin D supplemen-
tation will help prevent or treat COVID-
19. 2 
  
** Recommendations from the UK Na-
tional Institute for Health and Care Ex-
cellence (NICE) state that there is in-
sufficient evidence to recommend use 
of vitamin D supplements solely to pre-
vent or treat COVID-19, except as part 
of a clinical trial. However, all individu-
als should continue to follow current 
recommendations on daily vitamin D 
supplementation to maintain bone and 
muscle health during the pandemic. 3 

Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments 
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  Vitamin D deficiency also is 
more common in older 
patients and patients with 
obesity and hypertension 
(factors potentially associ-
ated with worse COVID-19 
outcomes). 1, 20, 21, 23-25, 27 
  
Association also suggested 
between vitamin D and 
diabetes mellitus (a condi-
tion also associated with 
worse COVID-19 out-
comes). 20, 22, 27 
  
Clinical trials are evaluating 
the relationship between 
vitamin D concentration 
and COVID-19 disease se-
verity and mortality; 4  

some retrospective obser-
vational data suggest an 
association between vita-
min D concentration and 
COVID-19 risk or severity/
mortality, 15-18, 28, 29, 32  but 
may not account for poten-
tial confounding factors. 17-

19, 29 Meta-analysis of 26 
observational studies re-
porting vitamin D concen-
trations in adults and el-
derly patients with COVID-
19 suggested an associa-
tion between vitamin D 
deficiency and COVID-19 
severity; however, poten-
tial for bias in most of the 
studies was considered 
high. 36 
 
Prospective observational 
study in non-elderly adults 
admitted to a COVID-19 
care center indicated high-
er prevalence of vitamin D 
deficiency (defined as se-
rum 25-hydroxyvitamin D 
concentration <20 ng/mL) 
on admission (97 versus 
32%) in patients with se-
vere COVID-19 disease 
requiring ICU admission  

Supplemental oral vitamin D (single 80,000-
unit dose) given shortly after COVID-19 
diagnosis (n = 16) did not improve out-
comes. 35 
  
** App-based community survey, conduct-
ed mainly in the UK: COVID-19 Symptom 
Study app subscribers in the UK who self-
reported regular use of vitamin D supple-
ments (>3 times/week for ≥3 months) had 
a modest 9% lower risk of testing positive 
for SARS-CoV-2 than those who did not 
report regular use; stratification of data by 
sex showed an association in women but 
not in men. The analysis included data for 
372,720 UK app users who reported having 
had a SARS-CoV-2 test and completed a 
dietary supplement questionnaire. The 
overall finding of an association between 
vitamin D supplementation and lower risk 
of testing positive for SARS-CoV-2 was rep-
licated in smaller numbers of US and Swe-
dish app users; however, findings based on 
sex varied in the different cohorts. 39 
  
Randomized, open label, pilot study in 
hospitalized adults with confirmed COVID-
19: Total of 76 patients were randomized 
2:1 to receive oral calcifediol (0.532 mg on 
day of admission, then 0.266 mg on days 3 
and 7 followed by 0.266 mg weekly until 
discharge or ICU admission) in conjunction 
with standard care (including 6-day hy-
droxychloroquine regimen and 5-day 
azithromycin regimen) or standard care 
alone (control). ICU admission was report-
ed for 1/50 calcifediol-treated patients (2%) 
and 13/26 control patients (50%). All calci-
fediol-treated patients were discharged; 24 
control patients were discharged and 2 
died. The odds ratio for ICU admission in 
calcifediol-treated patients vs control pa-
tients was 0.02; odds ratio was 0.03 after 
adjustment for the higher prevalence of 
hypertension and type 2 diabetes mellitus 
in the control group. Data on serum vita-
min D concentrations were not available. 
Larger placebo-controlled trials with well-
matched groups are needed to confirm 
these pilot results. 33 
  
Randomized, double-blind, placebo-
controlled trial (NCT04449718) in 240  
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  (n = 63) compared with 
asymptomatic, SARS-CoV-2
-positive patients admitted 
to isolation ward (n = 91); 
inflammatory markers 
(ferritin, interleukin-6) 
were elevated in vitamin D
-deficient versus non-
deficient patients. 37 
  
Results of a Mendelian 
randomization study (not 
peer reviewed) do not 
support a protective role 
for increased 25-
hydroxyvitamin D concen-
trations with respect to 
COVID-19 outcomes and 
may suggest harm. The 
study used genetic deter-
minants of serum 25-
hydroxyvitamin D from a 
genome-wide association 
study and meta-analysis of 
>443,734 individuals of 
European ancestry to esti-
mate the effect of in-
creased 25-hydroxyvitamin 
D concentrations on COVID
-19 susceptibility and se-
verity. Genetically in-
creased concentrations of 
the vitamin had no clear 
effect on susceptibility, but 
tended to increase the 
odds ratio of hospitaliza-
tion (2.34) and severe dis-
ease requiring hospitaliza-
tion and respiratory sup-
port (2.21). Some analyses 
suggested worse outcome 
with increasing concentra-
tions of the vitamin. 34 

hospitalized adults with moderate to se-
vere COVID-19: Vitamin D supplementation 
(single oral 200,000-unit dose of cholecal-
ciferol) increased 25-hydroxyvitamin D 
concentrations but failed to improve clini-
cal outcomes compared with placebo. No 
significant differences in median duration 
of hospital stay (7 vs 7 days), in-hospital 
mortality rate (7.6 vs 5.1%), ICU admission 
(16 vs 21.2%), or need for mechanical ven-
tilation (7.6 vs 14.4%) were observed be-
tween the vitamin D and placebo groups, 
respectively. Mean time from symptom 
onset to enrollment was 10.3 days. Mean 
baseline 25-hydroxyvitamin D concentra-
tion was approximately 21 ng/mL in both 
groups. Following the intervention, 86.7% 
of vitamin D recipients vs 10.9% of placebo 
recipients had 25-hydroxyvitamin D con-
centrations >30 ng/mL, and 6.7% of vitamin 
D recipients vs 51.5% of placebo recipients 
had 25-hydroxyvitamin D deficiency 
(concentration <20 ng/mL). 38 
 
Other clinical trials evaluating vitamin D 
supplementation in the prevention or 
treatment of COVID-19 may be registered 
at clinicaltrials.gov. 4 
  
  

  

Zinc 
  
Updated 
4/30/21 

  Trace mineral involved in 
immune function, including 
antibody and white blood 
cell production; an im-
portant cofactor for many 
enzymes; 1,3 may improve 
wound healing 8 
  
Zinc deficiency increases 
proinflammatory cytokine  

No evidence from controlled trials that zinc 
is effective in the prevention or treatment 
of COVID-19 5, 6 
  
Retrospective observational study in New 
York City (Carlucci et al; non-peer-
reviewed): Data were collected from elec-
tronic medical records to compare out-
comes between hospitalized patients with 
COVID-19 who received hydroxychloro-
quine, azithromycin, and zinc (411 patients)  

Zinc Recommended Dietary Allow-
ance (RDA):  Adult males: 11 mg/day; 
adult females: 8 mg/day 3, 8 
  
Some clinicians have recommended 
an elemental zinc intake of 30-50 
mg/day in the short-term treatment 
of influenza and coronavirus infec-
tions 3, 4 
  
 

Despite some anecdotal claims in the 
media that zinc is effective in treating 
COVID-19,6 it remains unclear whether 
zinc supplementation is beneficial in the 
prophylaxis and/or treatment of COVID-
19; further study is needed 1, 3, 6 
  
NIH COVID-19 Treatment Guidelines 
Panel states that there are insufficient 
clinical data to  recommend either for  
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  concentrations (interleukin
-1 [IL-1], IL-6, TNF alpha) 
and decreases antibody 
production; zinc supple-
mentation increases the 
ability of polymorphonu-
clear cells to fight infec-
tion1 
  
Possible antiviral activity; 
zinc appears to inhibit virus 
RNA polymerase activity 
and viral replication in an 
in vitro and cell culture 
model of severe acute 
respiratory syndrome coro-
navirus 1 (SARS-CoV-1). 1, 7  
High-dose zinc supplemen-
tation reduced the dura-
tion but not severity of 
common cold symptoms 
compared with placebo in 
a meta-analysis 1, 3, 7 
  
Zinc enhances cytotoxicity 
and induces apoptosis 
when used in vitro with a 
zinc ionophore (e.g., chlo-
roquine): chloroquine can 
enhance intracellular zinc 
uptake in vitro 9 
  
Elderly patients and pa-
tients with certain concur-
rent medical conditions are 
at higher risk of zinc defi-
ciency 2, 3, 8 

and those who received hydroxychloro-
quine and azithromycin alone (521 pa-
tients). Zinc was given as a zinc sulfate 220-
mg capsule (50 mg of elemental zinc) twice 
daily for 5 days. The addition of zinc did not 
affect the length of hospitalization, dura-
tion of ventilation, or duration of ICU stay, 
but patients in the treatment group that 
included zinc were discharged home more 
frequently and the need for ventilation, ICU 
admission, and mortality or transfer to 
hospice for patients not admitted to the 
ICU were all reduced in univariate analyses. 
After adjusting for the timing of when zinc 
was added to the protocol, findings re-
mained significant for increased frequency 
of being discharged home and reduction in 
mortality or transfer to hospice in the zinc-
treated patients. Because of the study de-
sign and its limitations, the authors state 
that this study should not be used to guide 
clinical practice, but that the observations 
do support initiation of randomized con-
trolled trials investigating zinc in patients 
with COVID-19. 10 
  
Multicenter, retrospective, cohort study in 
New York City hospitals (Yao et al; non-
peer-reviewed): This study reviewed the 
records of 3473 hospitalized adults with 
laboratory-confirmed COVID-19 who were 
admitted to 4 New York City hospitals be-
tween March 10 and May 20, 2020.  The 
primary aim of the study was to compare 
rates of in-hospital mortality among pa-
tients who received zinc plus hydroxychlo-
roquine and those not receiving this combi-
nation. Out of 3473 patients, 1006 (29%) 
received zinc and hydroxychloroquine in 
combination and 2467 (71%) received hy-
droxychloroquine without zinc. Zinc plus 
hydroxychloroquine was associated with a 
24% reduced risk of in-hospital mortality 
compared with patients who did not re-
ceive the combination (12 versus 17% re-
spectively; p<0.001).  In addition, hospital 
discharge rates were substantially higher in 
patients receiving the combination versus 
those who did not (72 versus 67%; 
p=0.003).  Neither zinc nor hydroxychloro-
quine alone were associated with de-
creased mortality rates. 14 There are several 
limitations to this study.  It was a   

Appropriate dosage regimens not 
established in either the prophylaxis 
or treatment of COVID-19; various 
supplementation regimens being 
evaluated in clinical trials, with a 
maximum dosage of zinc sulfate of 
220 mg (50 mg of elemental zinc) 
twice daily  2, 5, 6, 9, 10, 11, 12, 13 
  
NCT04342728 (COVID A to Z): Oral 
zinc gluconate 50 mg (of elemental 
zinc) once daily, given at bedtime for 
10 days after diagnosis, did not re-
duce duration of symptoms in outpa-
tients 11 
  
Oral zinc supplementation likely safe 
in dosages up to 40 mg of elemental 
zinc daily in adults; safety of dosages 
exceeding those used in the manage-
ment of the common cold not known 
3, 6, 8 
  

or against use of zinc in the treatment 
of COVID-19 9 
  
NIH COVID-19 Treatment Guidelines 
Panel recommends against using zinc 
supplementation above the RDA for the 
prevention of COVID-19, except in a 
clinical trial 9 
  
Zinc concentrations are difficult to 
measure accurately since it is distribut-
ed as a component of various proteins 
and nucleic acids  9 
  
Adverse effects may include nausea 
(possibly dose dependent), vomiting, 
and changes in taste 1, 6, 7, 8 
  
Long-term zinc supplementation may 
cause copper deficiency with adverse 
hematologic (e.g., anemia, leukopenia) 
and neurologic effects (e.g., myelopa-
thy, paresthesia, ataxia, spasticity); zinc 
supplementation for as little as 10 
months has been associated with cop-
per deficiency  9 
  
Intranasal administration should be 
avoided because of reports of pro-
longed or permanent loss of the sense 
of smell; intranasal zinc formulations 
are no longer commercially available in 
the US 6, 8 
  
Potential for interactions with iron and 
copper, certain antibiotics (e.g., quin-
olones, tetracyclines), and other medi-
cations  8 
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   retrospective in design and patients were 
not randomized to treatments.  In addition, 
it was not known whether patients were 
taking zinc and/or hydroxychloroquine 
prior to admission. The treatment groups 
were not balanced; patients receiving zinc 
plus hydroxychloroquine were more likely 
to be male and Black and to have a higher 
body mass index and diabetes.  Patients 
receiving zinc plus hydroxychloroquine 
were also treated more often with cortico-
steroids and azithromycin and less often 
with lopinavir/ritonavir than those who did 
not receive this combination. 9, 14 
  
Randomized, open-label study 
(NCT04342728; COVID A to Z) in an outpa-
tient setting in 214 adults with confirmed 
SARS-CoV-2 infection: A 10-day oral regi-
men of ascorbic acid (8 g daily given in 2 or 
3 divided doses with meals), zinc gluconate 
(50 mg at bedtime), or both supplements in 
combination failed to reduce the time re-
quired to achieve a 50% reduction in 
symptom severity, as compared with usual 
care alone. The mean number of days from 
peak symptom score to 50% resolution of  
symptoms (including fever/chills, cough, 
shortness of breath, and fatigue, each rat-
ed on a 4-point scale) was 5.5 days with 
ascorbic acid, 5.9 days with zinc, 5.5 days 
with ascorbic acid and zinc, or 6.7 days with 
usual care alone. Target enrollment was 
520 patients; the study was stopped early 
for futility. 11 
  
Randomized clinical trial conducted at 3 
major university hospitals in Egypt 
(NCT04447534):  191 patients with a labor-
atory-confirmed diagnosis of COVID-19  
were randomized to receive either zinc 
sulfate 220 mg (50 mg of elemental zinc) 
twice daily in combination with hy-
droxychloroquine or hydroxychloroquine 
alone for 5 days; patients in both treatment 
groups also received standard of care ther-
apy.  Hydroxychloroquine was given in a 
dosage of 400 mg twice daily on the first 
day, then 200 mg twice daily for 5 days. 
The primary efficacy endpoints were recov-
ery within 28 days, the need for mechanical 
ventilation, and death. No significant differ-
ences were found between the 2 groups of 
patients in the percentage of patients who  
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   recovered within 28 days (79.2% in the zinc 
plus hydroxychloroquine group and 77.9% 
in the hydroxychloroquine group), the need 
for mechanical ventilation, or overall mor-
tality. 12 
  
Retrospective observational study at a 
single institution (Hoboken University 
Medical Center):  This study collected data 
on 242 patients with laboratory-confirmed 
COVID-19 who were admitted to the hospi-
tal.  196 of the patients (81%) received a 
total daily dosage of zinc sulfate 440 mg 
(100 mg of elemental zinc); 191 of these 
patients (97%) also received hydroxychloro-
quine. The primary outcome was days from 
admission to in-hospital mortality. The 
primary analysis explored the causal rela-
tionship between zinc administration and 
patient survival. There were no significant 
differences in baseline characteristics be-
tween the 2 groups of patients. 73 patients 
(37.2%) died in the zinc group compared 
with 21 patients (45.7%) in the control 
group.  In the primary analysis, which used 
inverse probability weighting (IPW), the 
effect estimate of zinc therapy was an addi-
tional 0.84 days of survival. This finding was 
considered imprecise. On multivariate Cox 
regression analysis with IPW, zinc therapy 
was not significantly associated with a 
change in the risk of in-hospital mortality 
and the use of interleukin-6 inhibitors was 
associated with reduced mortality.  Older 
patients, male patients, and those with 
severe or critical disease were significantly 
associated with increased mortality. 14 
  
Zinc is being evaluated in a number of clini-
cal trials in both the prophylaxis and treat-
ment of COVID-19, sometimes in combina-
tion with other supplements (including 
vitamin C and vitamin D) and drugs 
(including hydroxychloroquine) 1, 2, 5, 6, 9 
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ACE Inhibi-
tors, Angio-
tensin II Re-
ceptor Block-
ers (ARBs) 
  
Updated 
4/30/21 

24:32 Renin-
Angiotensin-
Aldosterone 
System Inhib-
itor 

Hypothetical harm: Human 
pathogenic coronaviruses 
bind to their target cells 
through angiotensin-
converting enzyme 2 
(ACE2).1, 4, 5  Expression of 
ACE2 may be increased in 
patients treated with ACE 
inhibitors or ARBs.1, 4, 8 In-
creased expression of ACE2 
may potentially facilitate 
COVID-19 infections.1 
  
Hypothetical benefit: ACE 
inhibitors or ARBs may have 
a protective effect against 
lung damage or may have 
paradoxical effect in terms 
of virus binding.1, 2, 6 
  

Only limited data available to date evalu-
ating the effect of these drugs on COVID-
19 infection. 1-3, 9, 15-18 
  
Large, observational study analyzed a 
cohort of pts tested for COVID-19 to eval-
uate the relationship between previous 
treatment with 5 common classes of anti-
hypertensive agents (including ACE inhibi-
tors, ARBs) and the likelihood of a posi-
tive or negative test result for COVID-19 
as well as the likelihood of severe COVID-
19 illness among pts who tested positive: 
Study included data obtained from a large 
health network in New York City for 
12,594 pts who were tested for COVID-19 
from Mar 1 to Apr 15, 2020. Among these 
pts, 4357 (34.6%) had a history of hyper-
tension. Of these patients, 2573 (59.1%) 
tested positive for COVID-19. Among the 
2573 pts with hypertension and positive 
results for COVID-19, 634 pts (24.6%) had 
severe disease (i.e., indicated by ICU ad-
mission, mechanical ventilation, or death). 
Results of COVID-19 testing were stratified 
in propensity-score-matched patients with 
hypertension according to previous treat-
ment with selected antihypertensive 
agents. Propensity-score matching was 
based on age, sex, race, BMI, medical his-
tory, various comorbidities, and other 
classes of medications. The authors stated 
that no substantial increase was observed 
in the likelihood of a positive test for 
COVID-19 or in the risk of severe COVID-19 
among patients who tested positive in 
association with any single antihyperten-
sive class (including ACE inhibitors, 
ARBs).13 
  
Large, population-based case-control 
study was conducted to evaluate the 
association between the use of RAAS 
blockers (including ACE inhibitors, ARBs) 
and the risk of COVID-19:  Study included 
data obtained from a regional healthcare 
database in the Lombardy region of Italy 
for 6272 case pts with confirmed severe 
COVID-19 acute respiratory syndrome 
from Feb 21 to Mar 11, 2020 who were  

  American Heart Association (AHA), Amer-
ican College of Cardiology (ACC), Heart 
Failure Society of America (HFSA), and 
European Society of Cardiology (ESC) 
recommend continuation of treatment 
with renin-angiotensin-aldosterone sys-
tem (RAAS) antagonists in those patients 
who are currently prescribed such 
agents.2, 3 
 
These experts state there is a lack of ex-
perimental or clinical data demonstrating 
beneficial or adverse outcomes among 
COVID-19 patients receiving ACE inhibi-
tors or ARBs. Further study is needed. 2, 3 
  
** NIH COVID-19 Treatment Guidelines 
Panel states patients who are receiving 
an ACE inhibitor or ARB for cardiovascular 
disease (or other non-COVID-19 indica-
tions) should not discontinue these drugs 
during acute management of COVID-19 
unless discontinuation is otherwise war-
ranted by their clinical condition. The 
panel recommends against use of ACE 
inhibitors or ARBs for the treatment of 
COVID-19 except in the context of a clini-
cal trial. 
 
These experts state that it is unclear 
whether use of ACE inhibitors or ARBs 
has a positive or negative impact on the 
treatment and clinical outcomes of 
COVID-19. Meta-analyses and ongoing 
reviews have not found an association 
between the use of such medications and 
the likelihood of a positive result from 
SARS-CoV-2 testing or on the severity or 
outcomes of COVID-19 infection. 9 
  
Patients with cardiovascular disease are 
at an increased risk of severe COVID-19.1, 

4, 9 
 Abrupt withdrawal of RAAS inhibitors in 
high-risk patients (e.g., heart failure pa-
tients, patients with prior myocardial 
infarction) may lead to clinical instability 
and adverse health outcomes. 8 

OTHER 
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   matched to 30,759 controls based on sex, 
age, and place of residence. Information 
about use of selected drugs and clinical 
profiles was obtained from regional 
healthcare databases. Use of ACE inhibitors 
or ARBs was more frequent in patients with 
COVID-19 than among controls because of 
their higher prevalence of cardiovascular 
disease.  Percentage of patients receiving 
ACE inhibitors was 23.9% for case pts and 
21.4% for controls. Percentage of patients 
receiving ARBs was 22.2% and 19.2% for 
case and control pts, respectively. The au-
thors concluded that there was no evi-
dence that treatment with ACE inhibitors or 
ARBs significantly affected the risk of 
COVID-19 or altered the course of infection 
or resulted in more severe disease. 14 
  
Large, multinational, retrospective study 
analyzed outcome data for hospitalized 
pts with confirmed COVID-19 to evaluate 
the relationship between cardiovascular 
disease and preexisting treatment with 
ACE inhibitors or ARBs with COVID-19 
(Mehra et al; now retracted):  Original 
publication included multinational data for 
8910 pts hospitalized with COVID-19 be-
tween Dec 20, 2019 and Mar 15, 2020 that 
were obtained from a global healthcare 
data collaborative. The authors concluded 
that those data confirmed previous obser-
vations suggesting that underlying cardio-
vascular disease is independently associat-
ed with an increased risk of death in hospi-
talized pts with COVID-19. They also stated 
that they were not able to confirm previous 
concerns regarding a potential harmful 
association of ACE inhibitors or ARBs with 
in-hospital mortality. 10   Note: This pub-
lished study has now been retracted by 
the publisher at the request of the original 
authors. Concerns were raised with re-
spect to the veracity of the data and anal-
yses that were the basis of the authors’ 
conclusions. 11,12 
  
Multicenter, prospective study in a cohort 
of hospitalized pts with confirmed COVID-
19 infection to evaluate the association of 
antihypertensive therapy with ACE inhibi-
tors or ARBs and the risk of severe COVID-
19 or worsening of clinical outcomes  
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   (NCT04357535; Hakeam et al): Data are 
available for 338 patients from 4 hospitals 
in Saudi Arabia. On the day of hospital ad-
mission, 245 of these patients (72.5%) were 
receiving ACE inhibitors or ARBs; 197 of 
these patients continued such antihyper-
tensive therapy during hospitalization. On 
the day of hospital admission, 93 patients 
(27.5%) were receiving antihypertensive 
therapy (e.g., calcium-channel blockers, β-
blockers, thiazide diuretics) that did not 
include either ACE inhibitors or ARBs. The 
primary study end point was the rate of 
developing severe COVID-19 on the day of 
hospitalization. The key secondary end 
point was a composite of mechanical venti-
lation and in-hospital mortality. In the 
study cohort, 98 patients (29%) met the 
WHO criteria for severe COVID-19 on the 
day of hospitalization. However, use of ACE 
inhibitors or ARBs was not associated with 
development of severe COVID-19 (odds 
ratio: 1.17). Use of ACE inhibitors or ARBs 
prior to hospitalization also was not associ-
ated with ICU admission, mechanical venti-
lation, or in-hospital mortality. In addition, 
continuing such antihypertensive therapy 
during non-ICU hospitalization was associ-
ated with decreased mortality (odds ratio: 
0.22). The authors concluded that patients 
with hypertension or cardiovascular dis-
ease receiving therapy with ACE inhibitors 
or ARBs prior to hospitalization for COVID-
19 do not appear to be at increased risk for 
severe infection upon hospital admission. 
In addition, ICU admission, mechanical 
ventilation, and mortality are not associat-
ed with use of ACE inhibitors or ARBs prior 
to hospitalization. Because of a lower risk 
of mortality, the authors advise that ACE 
inhibitor or ARB therapy be continued in 
pts with COVID-19 during hospitalization. 
However, because of study limitations, 
randomized controlled trials are needed for 
further assessment of the effects of ACE 
inhibitors or ARBs on COVID-19. 15 
  
Multicenter, open-label, randomized study 
in hospitalized pts with mild to moderate 
COVID-19 to evaluate the effect of discon-
tinuation versus continuation of ACE inhib-
itors or ARBs on clinical outcomes 
(NCT04364893; Lopes et al): Data are  
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   available for 659 adults from 29 hospitals in 
Brazil who were receiving ACE inhibitors or 
ARBs prior to hospitalization. In the primary 
analysis, 334 of these patients were ran-
domized to discontinue ACE inhibitors or 
ARBs and 325 patients were assigned to 
continue use of such medication for 30 
days. The primary study end point was the 
number of days alive and out of the hospi-
tal from randomization through 30 days. 
Key secondary end points included death 
during the 30-day follow-up period, cardio-
vascular death, and COVID-19 progression. 
No significant difference was observed in 
the mean number of days alive and out of 
the hospital for patients in the discontinua-
tion group (21.9 days) compared with pa-
tients in the continuation group (22.9 
days). There were also no significant differ-
ences between the discontinuation and the 
continuation groups in the incidence of 
death (2.7 versus 2.8%, respectively), cardi-
ovascular death (0.6 versus 0.3%, respec-
tively), or COVID-19 progression (38.3 ver-
sus 32.3%, respectively). The authors con-
cluded that these findings do not support 
the routine discontinuation of ACE inhibi-
tors or ARBs among hospitalized patients 
with mild to moderate COVID-19 when 
there is an indication for such use. Limita-
tions of this trial include the open-label 
study design and the lack of generalizability 
of results to COVID-19 patients in other 
settings. The study also was not designed 
to evaluate the effect of ACE inhibitors or 
ARBs on susceptibility to COVID-19. 18 
  
Clinical trials completed; results not yet 
published (losartan): Initiation of losartan 
in adults with COVID-19 requiring hospitali-
zation; primary outcome measure: sequen-
tial organ failure assessment (SOFA) respir-
atory score (NCT04312009). Initiation of 
the drug in adults with COVID-19 not re-
quiring hospitalization; primary outcome 
measure: treatment failure resulting in 
hospital admission (NCT04311177). 7 
  
Other clinical trials evaluating the effect of 
continuing or discontinuing treatment with 
ACE inhibitors or ARBs on clinical outcomes 
in patients with COVID-19 are registered at 
clinicaltrials.gov. 7 
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Anticoagu-
lants 
  
Updated 
4/30/21 

20:12.04 Anti-
coagulants 

Patients with COVID-19, 
particularly those with 
severe disease, may devel-
op a hypercoagulable 
state, which can contribute 
to poor outcomes (e.g., 
progressive respiratory 
failure, acute respiratory 
distress syndrome [ARDS], 
death). 1-6, 14, 16, 28, 29, 44 
  
Most common pattern of 
coagulopathy is character-
ized by elevated D-dimer 
levels, high fibrinogen lev-
els, minimal prolongation 
of aPTT and/or PT, and 
mild thrombocytopenia;  
microvascular and macro-
vascular thrombosis also 
have been reported. 1-6, 9, 11, 

13,  16, 26, 27, 29  In addition, 
high rates of VTE have 
been observed in critically 
ill patients with COVID-19. 

7, 8, 11, 15, 18, 28, 36 
Pathogenesis of COVID-19-
related coagulopathy not 
completely known, but 
may be associated with 
endothelial cell activation 
and other factors contrib-
uting to an uncontrolled 
immunothrombotic re-
sponse to the virus.16, 17, 27-

29, 32, 48 
Lupus anticoagulants have 
been detected in some 
patients with COVID-19 
who present with pro-
longed aPTT; 4, 54   however, 
clinical significance of 
these antibodies is not 
known. 4, 44, 49 
  
Such thrombotic findings 
are the basis for anticoagu-
lant therapy in COVID-19 
patients; some anticoagu-
lant agents also may have 
antiviral and anti-
inflammatory properties. 2, 

4, 5, 14, 25, 27, 40, 51, 54 

Limited data from a retrospective study in 
China showed reduced mortality in  COVID-
19 patients with severe sepsis-induced 
coagulopathy or markedly elevated D-
dimer levels (>6 x ULN) who received 
prophylactic anticoagulation (low molecu-
lar weight heparin [LMWH] or unfractionat-
ed heparin [UFH]).4, 19 
  
In a large (n=4297) observational cohort 
study using data from the US VA system, 
early initiation of prophylactic anticoagula-
tion (within 24 hours of admission for 
COVID-19) was associated with a 27% de-
creased risk of 30-day mortality compared 
with no anticoagulation; post-hoc analysis 
indicated that evidence of benefit ap-
peared to be most pronounced in patients 
who were not admitted to the ICU within 
the first 24 hours of admission. Results of 
this study provide some evidence to sup-
port guidelines recommending the use of 
prophylactic anticoagulation as initial treat-
ment for COVID-19 patients on hospital 
admission (see Comments column).   65 
  
Several retrospective studies suggest that 
high-intensity prophylactic anticoagulation 
or therapeutic anticoagulation may be as-
sociated with lower mortality compared 
with standard VTE prophylaxis in severe 
COVID-19 patients. 31, 38, 42, 45, 50  In one of 
these studies, systemic anticoagulation in a 
large cohort (n=786) of hospitalized pa-
tients with COVID-19 was associated with 
reduced risk of mortality; in the subgroup 
of patients who required mechanical venti-
lation, mortality rate was reduced with the 
use of therapeutic anticoagulation com-
pared with no anticoagulation use (29 ver-
sus 63%; median survival of 21 versus 9 
days). 28, 31, 54 
  
In a subsequent retrospective study involv-
ing a larger cohort of patients (n=4389) 
from the same health system, use of 
prophylactic or therapeutic anticoagulation 
was associated with lower in-hospital mor-
tality compared with no anticoagulant ther-
apy (adjusted hazard reductions of 50 and 
47%, respectively). Overall bleeding rates 
were low, but higher in the therapeutic 
anticoagulation group (3%) compared with  

See Comments column for available 
dosage-related information. 

The available evidence to inform the 
clinical management of COVID-19-
associated coagulopathy is continuously 
evolving. 9 , 11, 27-29, 44, 54, 59 
  
Several organizations (e.g., NIH, WHO, 
CDC, American Society of Hematology 
(ASH), International Society for Throm-
bosis and Haemostasis, Anticoagulation 
Forum, Surviving Sepsis Campaign, 
Mayo Clinic) have published interim 
guidance for anticoagulation manage-
ment in patients with COVID-19. 4, 5, 9, 15, 

25, 27, 28, 30, 32, 44, 48, 51, 54, 56, 59, 64 
These experts agree that hospitalized 
patients with COVID-19 should receive 
prophylactic-dose anticoagulation to 
reduce the risk of thromboembolism 
unless there are contraindications. 4, 5, 15, 

28, 44, 64 
However, many questions regarding the 
best prophylactic strategy in COVID-19 
patients remain unanswered (e.g., type 
and intensity of anticoagulation, dura-
tion of anticoagulation, use of bi-
omarkers for VTE risk stratification). 28, 55 
  
VTE risk should be assessed in all hospi-
talized patients with COVID-19. 4, 5, 10, 17, 

18, 27, 28, 32, 54, 56 
While initial reports suggested that 
bleeding is infrequent in COVID-19 pa-
tients, more information regarding the 
risk of bleeding is emerging. 5, 30, 60   
Standard risk factors for bleeding should 
be considered and patients should be 
individually assessed to balance risk of 
thrombosis with risk of bleeding. 4, 32 
  
The NIH COVID-19 Treatment Guide-
lines Panel recommends prophylactic-
dose anticoagulation for VTE prophylax-
is in all hospitalized adults with COVID-
19 unless contraindicated. In pregnant 
patients hospitalized with severe COVID
-19, prophylactic-dose anticoagulation is 
recommended if there are no contrain-
dications to its use; if antithrombotic 
therapy is prescribed prior to the diag-
nosis of COVID-19 in a pregnant patient, 
such therapy should be continued. For 
hospitalized children with COVID-19, 
indications for VTE prophylaxis should  

https://www.ashp.org/COVID-19
https://creativecommons.org/licenses/by-nc/4.0/


Updated 04-30-2021. The current version of this document can be found on the ASHP COVID-19 Resource Center. 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International 

Page 108 

Copyright © 2021, American Society of Health-System Pharmacists, Inc. All rights reserved. 

Drug(s) AHFS Class Rationale Trials or Clinical Experience Dosagea Comments 

   the prophylactic or no anticoagulation 
groups. Among 26 autopsies performed in 
this cohort of patients, 42% had evidence 
of thromboembolic disease not otherwise 
suspected premortem; the majority of 
these patients were not treated with thera-
peutic anticoagulation. 40 
  
An escalated-dose thromboprophylaxis 
strategy was evaluated in a retrospective 
single-center study. COVID-19 patients 
without severe disease were initiated on 
standard-dose VTE prophylaxis, while those 
with severe disease (defined as requiring 
ICU-level care or D-dimer level greater than 
2.5 mg/L FEU and without indications for 
therapeutic anticoagulation) were consid-
ered for escalated-dose thromboprophylax-
is (enoxaparin 0.5 mg/kg twice daily or 
heparin IV infusion titrated to anti-factor Xa 
levels 0.3-0.5 U/mL in patients with renal 
failure). The observed rates of VTE (7.3%) 
and overall thromboembolic events (12%) 
were lower in this study compared with 
earlier reported rates, which the authors 
suggest may be related to early implemen-
tation of an escalating thromboprophylac-
tic strategy.52 
  
Another retrospective study evaluated the 
impact of a tailored anticoagulant approach 
(risk stratification based on D-dimer and 
other clinical and laboratory parameters) in 
COVID-19 patients admitted to the ICU. 
Standard anticoagulant prophylaxis was 
used in 83 patients (44%); high-intensity 
prophylaxis was used in 75 patients (40%); 
therapeutic anticoagulation was used in 24 
patients (12.8%) who had confirmed or 
clinical suspicion of VTE. The overall rate of 
thrombotic events in this study was 12.2%, 
which the authors state is lower than previ-
ously reported with severe COVID-19 in the 
ICU. Major bleeding occurred in 2.7% of 
patients who received the high-intensity 
prophylactic regimen and in 21% of pa-
tients who received therapeutic anticoagu-
lation.57 
 
In a small (n=20), open-label, phase 2 
study, administration of therapeutic-dose 
enoxaparin in mechanically ventilated 
COVID-19 patients was associated with 
improved oxygenation (PaO2/FiO2 ratio),  

 be the same as those for children with-
out COVID-19.  28  In patients who are 
not hospitalized, NIH states that antico-
agulants should not be initiated for the 
prevention of VTE or arterial thrombosis 
unless the patient has other indications 
for such therapy or is participating in a 
clinical trial. 28 
 
LMWH is generally preferred for VTE 
prophylaxis; however, specific drug 
characteristics (e.g., pharmacokinetics, 
route of administration, drug interac-
tion potential), patient-specific factors 
(e.g., renal function), and practical con-
cerns (e.g., need for frequent monitor-
ing, convenience of administration, risk 
of medical staff exposure) may influ-
ence choice of anticoagulant. 14, 15, 20, 27, 

28, 30, 32, 44, 54, 59 
There is currently debate about the 
appropriate intensity of anticoagulation 
for VTE prevention in COVID-19 pa-
tients. 43, 44  Because of the severity of 
coagulopathy in critically ill COVID-19 
patients and reports of high rates of VTE 
despite routine prophylaxis, some clini-
cians suggest a more aggressive antico-
agulation strategy using intermediate or 
therapeutic dosages of anticoagulants in 
such patients; however, current data is 
limited (see Trials or Clinical Experience 
Column) and well-designed randomized 
controlled studies are needed to evalu-
ate these approaches. 8, 11, 14-17, 20-24, 26-28, 

30-32, 34, 36, 39, 43, 44, 48, 59 
Based on expert opinion, interim guid-
ance from the Anticoagulation Forum 
(published in July 2020) suggests in-
creased doses of VTE prophylaxis (e.g., 
enoxaparin 40 mg BID, enoxaparin 0.5 
mg/kg BID, heparin 7500 units sub-Q 3 
times daily, or low-intensity heparin 
infusion) for critically ill patients (e.g., in 
the ICU) with confirmed or suspected 
COVID-19. 32 
  
** Based on more recent evidence (as 
of February 2021), the ASH guideline 
panel suggests use of prophylactic-
intensity over intermediate- or thera-
peutic-intensity anticoagulation in pa-
tients with COVID-19-related critical 
illness (defined as those with an  
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   decreased D-dimer levels, and a higher rate 
of successful liberation from mechanical 
ventilation compared with prophylactic-
dose anticoagulation. The study was insuffi-
ciently powered to assess mortality. 53 
  
In other observational studies, therapeutic-
dose anticoagulation in COVID-19 patients 
was not shown to provide a mortality bene-
fit over standard prophylaxis and/or was 
associated with an increased risk of clinical-
ly significant adverse effects (e.g., bleeding) 
46, 61, 62 
All of the currently available studies as-
sessing various anticoagulant types and 
dosing in COVID-19 patients have im-
portant limitations such as their retrospec-
tive nature, small sample size, confounding 
variables (e.g., other treatments adminis-
tered), and lack of information and con-
sistency with regard to anticoagulation 
indication, doses, and regimens. 28, 31, 38, 40, 

42, 44, 45, 50, 52, 61, 62 
A meta-analysis performed by the Ameri-
can Society of Hematology found no differ-
ence in risk of VTE and mortality between 
patients treated with prophylactic dose 
anticoagulation and those treated with 
higher doses of anticoagulation; critically ill 
patients who received intermediate- or 
therapeutic-dose anticoagulation had lower 
odds of PE (OR 0.09) but higher odds of 
major bleeding (OR 3.84). 28 
  
NIH is evaluating safety and efficacy of 
various anticoagulants for the treatment 
and prevention of COVID-19-associated 
coagulopathy in a series of adaptive 
platform trials (The Accelerating COVID-19 
Therapeutic Interventions and Vaccines 
[ACTIV-4] studies).   The trials will evaluate 
anticoagulants in different patient popula-
tions including outpatient, inpatient, and 
convalescent. 41 
  
A large multiplatform, adaptive-design trial 
that includes 3 global studies (REMAP-CAP, 
ATTACC, ACTIV-4A) was initiated to address 
the question of whether more intensive 
anticoagulation is indicated in critically ill or 
moderately ill COVID-19 patients; the pri-
mary outcome of this trial is “organ-
support-free days.”  4, 15  

 immediately life-threatening condition 
who would typically be admitted to the 
ICU, such as patients requiring hemo-
dynamic support, ventilatory support, 
or renal replacement therapy) who do 
not have suspected or confirmed VTE; 
however, a conditional recommenda-
tion is given based on very low certainty 
of evidence. (See information on the 
multiplatform, adaptive-design trial that 
includes REMAP-CAP, ATTACC, and AC-
TIV-4A in the Clinical Trials and Experi-
ence column).  ASH discourages the 
empiric use of full-dose heparin or 
LMWH outside a clinical trial in critically 
ill COVID-19 patients who do not have 
any other indication for therapeutic 
anticoagulation. 
  
In hospitalized patients with COVID-19-
related acute illness not requiring in-
tensive care (e.g., those with dyspnea 
or mild to moderate hypoxia) who do 
not have suspected or confirmed VTE, 
ASH suggests the use of prophylactic-
intensity over intermediate- or thera-
peutic-intensity anticoagulation; a con-
ditional recommendation is given based 
on very low certainty of evidence.  Alt-
hough preliminary findings in the mod-
erately ill patient cohort (those requir-
ing hospitalization but not ICU-level 
care) suggest that full-dose anticoagula-
tion is superior to usual prophylactic-
dose anticoagulation in this population, 
ASH states that, until peer-reviewed 
data are available, clinicians should use 
clinical judgment when managing indi-
vidual patients and carefully consider 
the benefits and harms of higher-
intensity anticoagulation.   66 
  
In COVID-19 patients who experience 
recurrent clotting of access devices 
(e.g., central venous catheters, arterial 
lines), ASH states that, although of un-
proven benefit, it may be reasonable to 
increase the intensity of anticoagulation 
or switch to a different anticoagulant in 
these situations. 15 
  
NIH states that there are currently in-
sufficient data to recommend for or  
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   As of December 21, 2020, enrollment of 
patients requiring ICU-level care (defined as 
requiring high-flow nasal oxygen, invasive 
or noninvasive mechanical ventilation, 
vasopressor therapy, or ECMO support) 
was paused due to results of an interim 
pooled analysis demonstrating futility of 
full-dose anticoagulation in reducing the 
need for organ support and mortality com-
pared with usual care prophylactic-dose 
anticoagulation. 4, 28, 58 Enrollment is contin-
uing for hospitalized patients not requiring 
ICU support (i.e., moderately ill patients) in 
these trials to determine whether there is 
any benefit from full-dose anticoagulation. 

58 
On January 22, 2021, NIH reported interim 
results of the above multiplatform trials in 
the moderately ill cohort. Based on data 
collected from more than 1000 moderately 
ill hospitalized patients with COVID-19 
(identified as those not in the ICU and not 
receiving organ support such as mechanical 
ventilation at trial enrollment), preliminary 
findings showed that full-dose anticoagula-
tion was superior to prophylactic doses in 
reducing mortality or the need for organ 
support. 15, 63  Peer-review of the finalized 
multiplatform trial data is pending. 15 
  
Multiple clinical trials are ongoing to evalu-
ate anticoagulant strategies in patients 
with COVID-19; some are registered at 
clinicaltrials.gov. As of December 16, 2020, 
there were 75 randomized controlled trials 
of antithrombotic therapy in patients with 
COVID-19; a variety of antithrombotic 
agents are being investigated. 12, 43, 47, 67 

 against the use of doses higher than the 
prophylactic dose of anticoagulation for 
VTE prophylaxis in hospitalized COVID-
19 patients outside of a clinical trial 
setting. 28 
  
The most recent guideline from WHO 
includes a conditional recommendation 
to administer standard thromboprophy-
laxis dosing of anticoagulation rather 
than therapeutic or intermediate dosing 
in patients with COVID-19 who do not 
have an established indication for high-
er dose anticoagulation; this recom-
mendation was made based on a low 
certainty of evidence. 25 
  
Extended VTE prophylaxis after hospital 
discharge is not routinely recommended 
in patients with COVID-19, but may be 
considered based on the same protocols 
and risk-benefit analysis as for patients 
without COVID-19. 15, 27, 28, 30, 32 
  
Although a relationship between mark-
edly elevated D-dimer levels and mor-
tality has been shown, whether this can 
be applied to predicting or managing 
VTE risk is not known. 5, 6, 7, 30, 32, 33 
  
  

COVID-19 
Convalescent 
Plasma 
  
Updated 
4/30/21 

  Plasma obtained from 
patients who have recov-
ered from COVID-19 (i.e., 
COVID-19 convalescent 
plasma) that contains anti-
bodies against SARS-CoV-2 
may provide short-term 
passive immunity to the 
virus; theoretically, such 
immunity may prevent or 
contribute to recovery 
from the infection, possibly 
as the result of viral neu-
tralization and/or other 
mechanisms. 1-5, 24, 25 
  

** While there is some evidence suggesting 
possible benefits of COVID-19 convalescent 
plasma in the treatment of COVID-19, the 
specific role of convalescent plasma for the 
treatment of COVID-19 in patients with or 
without humoral immunity is unclear and 
additional data are needed from well-
controlled, adequately powered, random-
ized clinical trials. Data from case reports, 
case series, and a retrospective case-
control study suggest benefit of convales-
cent plasma in patients with various prima-
ry and secondary humoral immunodeficien-
cies. 25 
  

Emergency use authorization (EUA) 
high-titer COVID-19 convalescent 
plasma dosage and administration 
for hospitalized patients and those 
with impaired humoral immunity: 
Consider initiating therapy with one 
high-titer  unit (approximately 200 
mL) of COVID-19 convalescent plas-
ma given IV through a peripheral or 
central venous catheter according to 
standard institutional transfusion 
guidelines. Additional high-titer  
COVID-19 convalescent plasma units 
may be administered based on the 
prescribing physician’s medical  

** Efficacy and safety of COVID-19 con-
valescent plasma for the treatment of 
COVID-19 not established. 11, 25   Several 
case reports indicate that patients with 
humoral immunity may experience per-
sistent SARS-CoV-2 viral replication and, 
therefore, may be at risk for developing 
viral resistance to SARS-CoV-2 antibod-
ies following therapy with convalescent 
plasma. 25 
  
There are no convalescent blood prod-
ucts currently licensed by the FDA.  
COVID-19 convalescent plasma is regu-
lated as an investigational product. 11, 37 
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  Convalescent plasma ther-
apy has been used in the 
treatment of other viral 
diseases with various de-
grees of success. 16, 20, 22, 24, 

25 
In patients with SARS-CoV-
1 infection, use of conva-
lescent plasma was report-
ed to shorten the duration 
of hospitalization and de-
crease mortality; 6-8, 14 SARS 
patients who received 
convalescent plasma less 
than 14 days after onset of 
symptoms had better out-
comes than those who 
received such plasma later 
in the course of the dis-
ease. 1, 2, 6-8 
  

** Randomized, controlled, open-label, 
adaptive, platform trial assessing several 
possible treatments in patients hospital-
ized with COVID-19 in the UK 
(NCT04381936; RECOVERY): Preliminary 
(non-peer-reviewed) data for 5763 patients 
randomized to receive standard care and 
5795 patients randomized to receive stand-
ard care plus convalescent plasma demon-
strated no significant differences in 28-day 
mortality between the two groups (risk 
ratio: 1.00). Convalescent plasma for this 
study was prepared using only plasma do-
nations with sample to cut-off (S/CO) ratio 
of ≥6.0 as detected by the EUROIMMUN 
IgG ELISA test. 54 
  
Study with retrospectively matched con-
trol in US (Liu et al): Preliminary (non-peer
-reviewed) data from a study of 39 hospi-
talized adults with severe to life-
threatening COVID-19 who received ABO-
compatible COVID-19 convalescent plasma 
(2 units [total volume approximately 500 
mL] infused IV over 1-2 hours), obtained 
from donors with a SARS-CoV-2 anti-spike 
antibody titer of 1:320 or greater, suggest 
that stable or improved supplemental oxy-
gen requirements by post-transfusion day 
14 were more likely in these convalescent 
plasma recipients than in the matched 
control group not treated with convales-
cent plasma (odds ratio: 0.86); this effect 
appeared to be confounded by use of ther-
apeutic anticoagulants, but not by other 
types of drugs (i.e., azithromycin, broad-
spectrum antibiotics, hydroxychloroquine, 
corticosteroids, antivirals, interleukin-1 [IL-
1] and IL-6 inhibitors) or duration of symp-
toms before admission. Overall, survival 
was improved in patients in the convales-
cent plasma group compared to the control 
group; after adjusting for covariates, data 
suggest a significant improvement in sur-
vival in non-intubated patients (hazard 
ratio: 0.19) receiving convalescent plasma, 
but not in the small cohort of intubated 
patients (hazard ratio: 1.24). Subgroup 
analyses suggested a survival benefit of 
convalescent plasma among nonintubated 
patients, in those who received treatment 
earlier in the course of disease, and those 
who received therapeutic anticoagulation.   

judgment and the patient’s clinical 
response. 37, 38 
  
Smaller volumes or prolonged trans-
fusion times may be necessary in 
patients with impaired cardiac func-
tion and heart failure. 38 

Emergency use authorization (EUA) for 
high-titer COVID-19 convalescent plas-
ma: FDA issued an EUA on August 23, 
2020 that permitted use of convalescent 
plasma for the treatment of hospitalized 
patients with COVID-19. This EUA was 
reissued in its entirety on February 4, 
2021 to authorize the use of high-titer 
COVID-19 convalescent plasma for the 
treatment of hospitalized patients with 
COVID-19, early in the course of dis-
ease, and in those hospitalized with 
COVID-19 who have impaired humoral 
immunity. Use of low-titer COVID-19 
convalescent plasma is no longer au-
thorized under the EUA. This EUA is 
based on historical evidence using con-
valescent plasma in prior outbreaks of 
respiratory viruses, certain preclinical 
evidence, results from small clinical 
trials of convalescent plasma conducted 
during the current outbreak, data ob-
tained from the ongoing National Ex-
panded Access Treatment Protocol 
(EAP) for COVID-19 convalescent plasma 
sponsored by the Mayo Clinic, and addi-
tional studies (including randomized 
controlled trials). 37

 The EUA requires 
healthcare providers to provide conva-
lescent plasma recipients with the Fact 
Sheet for Patients and Parents/
Caregivers and to inform recipients of 
the significant known and potential risks 
and benefits of emergency use of COVID
-19 convalescent plasma. 37, 38 

Healthcare facilities and healthcare 
providers administering high-titer 
COVID-19 convalescent plasma must 
comply with certain mandatory record 
keeping and reporting requirements 
(including adverse event reporting).  38 
Consult the EUA, 37 EUA fact sheet for 
healthcare providers, 38 and EUA fact 
sheet for patients and parents/
caregivers 41 for additional information. 
  
The EUA states that high-titer COVID-19 
convalescent plasma should not be 
considered a new standard of care for 
the treatment of patients with COVID-
19. FDA states that adequate and well-
controlled randomized trials remain 
necessary to determine optimal product  
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   No significant transfusion-related morbidity 
or mortality was observed in patients re-
ceiving convalescent plasma. 32 
 
Uncontrolled case series in US (Salazar et 
al): 316 adults with severe and/or life-
threatening COVID-19 disease received 
convalescent plasma (one or two units) in 
addition to multiple other treatments (e.g., 
antivirals, anti-inflammatory agents). 26, 48  

At the time of an interim analysis, out-
comes of 136 convalescent plasma recipi-
ents who reached day 28 post-transfusion 
were compared with two sets of propensity 
score-matched controls at 28 days after 
admission. 25, 48 These data 
suggested a trend toward benefit of conva-
lescent plasma, particularly in patients who 
were transfused early (i.e., within 72 hours 
of admission) with high-titer convalescent 
plasma (i.e., anti-spike protein receptor 
binding domain titer ≥1:1350). 25, 48 
  
Cochrane systematic review: Analysis of 
19 published studies (2 RCT, 8 controlled 
non-randomized studies of interventions 
[NRSIs], 9 non-controlled NRSIs) evaluating 
convalescent plasma in adults with COVID-
19 (total of 38,160 study participants, of 
whom 36,081 received  COVID-19 convales-
cent plasma) found low to very low confi-
dence in the efficacy and safety of this 
treatment approach.  42, 52 
  
Systematic review (Joyner et al; non-peer-
reviewed): Analysis of pooled data (total 
of 804 COVID-19 patient outcomes) from 
12 studies (3 RCT, 5 matched-control, 4 
case series) evaluating convalescent plasma 
in hospitalized adults with severe or life-
threatening COVID-19 found evidence fa-
voring efficacy of this therapeutic ap-
proach. The risk of death was substantially 
reduced in hospitalized COVID-19 patients 
transfused with convalescent plasma com-
pared to matched patients receiving stand-
ard therapy (OR: 0.43, p <0.001). Note: 
There were several limitations to this analy-
sis including aggregating mortality data 
across study populations that varied by 
dose and timing of convalescent plasma 
administration, geographic region, and 
duration of follow-up. 34 
  

 attributes and to identify appropriate 
subpopulations for its use and that on-
going clinical trials of COVID-19 conva-
lescent plasma should not be amended 
based on issuance of the EUA. 37 
  
** The NIH COVID-19 Treatment Guide-
lines Panel has made the following 
recommendations regarding the use of 
convalescent plasma for the treatment 
of COVID-19: 
  
1). The panel recommends against the 
use of low-titer convalescent plasma. 25 
  
2). Hospitalized patients without im-
paired immunity: The panel recom-
mends against the use of convalescent 
plasma in those requiring mechanical 
ventilation. In those not requiring me-
chanical ventilation, the panel recom-
mends against use of high-titer conva-
lescent plasma, except in a clinical trial. 
25 
  
3). Hospitalized patients with impaired 
immunity: The panel states that there 
are insufficient data to either recom-
mend for or against the use of high-titer 
convalescent plasma. 25 
  
4). Nonhospitalized patients: The panel 
states that there are insufficient data to 
recommend either for or against the 
use of high-titer convalescent plasma. 25 
  
The Surviving Sepsis Campaign COVID-
19 subcommittee suggests that conva-
lescent plasma not be used routinely in 
critically ill adults with COVID-19 be-
cause efficacy and safety not estab-
lished and uncertainty surrounding opti-
mal preparation of convalescent plas-
ma. 30 
  
Appropriate criteria for selection of 
patients to receive investigational 
COVID-19 convalescent plasma, optimal 
time during the course of the disease to 
receive such therapy, and appropriate 
dosage (e.g., volume, number of doses) 
not determined. 1-5, 9  Current data sug-
gest clinical benefit is associated with  
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   Open-label, randomized, controlled study 
in Netherlands (Gharbharan et al; Con-
COVID study): Preliminary (non-peer-
reviewed) data from a study of 86 hospital-
ized adults with COVID-19 found no signifi-
cant difference in mortality, duration of 
hospital stay, or disease severity on day 15 
in patients treated with convalescent plas-
ma (300 mL of convalescent plasma con-
taining anti-SARS-CoV-2 neutralizing anti-
body titers of ≥1:80 as determined by a 
SARS-CoV-2 plaque reduction neutraliza-
tion test) compared with standard of care. 
44 Note: Anti-SARS-CoV-2 antibodies were 
detected at baseline in 53/66 patients who 
had been symptomatic for 10 days prior to 
study enrollment. Neutralizing antibodies 
were detected in 44/56 (79%) patients 
tested with median titers comparable to 
the donors (1:160). These findings raised 
concerns about the potential benefit of 
convalescent plasma in the study popula-
tion and the study was terminated. 44 
  
Open-label, randomized, controlled study 
in China (Li et al):  Results of this study in 
103 adults with severe or life-threatening 
COVID-19 found no significant difference in 
time to clinical improvement within 28 
days, mortality, or time to hospital dis-
charge in patients treated with convales-
cent plasma (containing a high titer of anti-
body to SARS-CoV-2) plus standard of care 
compared with standard of care alone. 28  
Convalescent plasma therapy was well 
tolerated by the majority of patients; 2 
cases of transfusion-associated adverse 
events were reported. 28 There was a signal 
of possible benefit in the subgroup of pa-
tients with severe COVID-19 disease. 28, 29 
However, the study had several limitations 
that preclude any definite conclusions, 
including the possibility of being under-
powered as the result of early termination 
because of the lack of available patients. 28, 

29   In addition, most patients received con-
valescent plasma treatment at least 14 
days after symptom onset and it is unclear 
whether earlier treatment would have 
resulted in greater benefit. 28, 29 
  
Open-label, single-arm, phase 2 study 
(Ibrahim et al):  Data from a study of 38  

 transfusion of high-titer convalescent 
plasma early in the course of the dis-
ease (e.g., prior to respiratory failure 
requiring intubation and mechanical 
ventilation) and in those with impaired 
humoral immunity.1, 2, 16, 17, 20, 24, 25, 36-38 

Limited clinical evidence suggests the 
potential therapeutic window following 
symptom onset may be longer in pa-
tients with suppressed or deficient hu-
moral immunity. 38 
  
** Available data suggest that serious 
adverse effects following administration 
of COVID-19 convalescent plasma are 
infrequent and consistent with the risks 
associated with plasma infusions for 
other indications.  Risks associated with 
COVID-19 convalescent plasma therapy 
include inadvertent transmission of 
other infectious agents, allergic reac-
tions, thrombotic complications, trans-
fusion-associated circulatory overload, 
transfusion-related acute lung injury 
(TRALI), antibody-dependent enhance-
ment of infection, febrile nonhemolytic 
reactions, hemolytic reactions, hypo-
thermia, metabolic complications, and 
post-transfusion purpura. Theoretical 
risks of COVID-19 convalescent plasma 
therapy include antibody-dependent 
enhancement of SARS-CoV-2 infection 
and long-term immunosuppression. 25 
  
** May be contraindicated in patients 
with a history of severe allergic reac-
tions or anaphylaxis to plasma transfu-
sions. 38 The NIH COVID-19 Treatment 
Guidelines Panel recommends con-
sulting a transfusion medicine specialist 
for patients with a history of severe 
allergic or anaphylactic transfusion reac-
tions. 25 
  
** Pediatric Use: Safety and effective-
ness in pediatric patients have not been 
established; a decision to use high-titer 
convalescent plasma in patients <18 
years of age should be based on an 
individualized assessment of risks and 
benefits in consultation with a pediatric 
infectious disease specialist. 25, 38 The 
NIH COVID-19 Treatment Guidelines  
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   severely or critically ill hospitalized adults 
with COVID-19 who received convalescent 
plasma (up to 2 transfusions of 200 mL of 
convalescent plasma containing IgG titers 
of 1:320) found a significant reduction in 
mortality (13 versus 55%, respectively) and 
hospital length of stay (15.4 versus 33 days, 
respectively) in those who were severely ill 
compared with those who were critically ill.  
Note: Severely ill patients received conva-
lescent plasma approximately 4.6 days 
following hospital admission and 12.6 days 
following symptom onset while on high-
flow oxygen supplementation without evi-
dence of acute respiratory distress syn-
drome (ARDS). Critically ill patients re-
ceived convalescent plasma approximately 
16.4 days following hospital admission and 
23.1 days following symptom onset after 
developing ARDS; these patients also had 
been on ventilation support for an average 
of 10.6 days prior to transfusion of conva-
lescent plasma. Transient transfusion reac-
tion (fever and hematuria) was observed 
within 2 hours of transfusion of convales-
cent plasma in one patient with severe 
illness. 45 
  
Open-label, randomized, controlled study 
in India (Agarwal et al; PLACID trial):  Pre-
liminary (non-peer-reviewed) data from a 
study of 464 moderately ill adults hospital-
ized with COVID-19 found no significant 
difference in 28-day mortality or progres-
sion to severe disease in patients treated 
with convalescent plasma (2 transfusions of 
200 mL) plus standard of care compared 
with standard of care alone.   Convalescent 
plasma therapy was well tolerated by the 
majority of patients; adverse effects includ-
ed local infusion site reaction, chills, nau-
sea, bradycardia, dizziness, pyrexia, tachy-
cardia, dyspnea, and IV catheter blockage. 

46 
  
Open-label, randomized, controlled study 
in Chile (Balcells et al):  Preliminary (non-
peer-reviewed) data from a study of 58 
adults hospitalized within 7 days of COVID-
19 symptom onset with risk factors for 
disease progression and without mechani-
cal ventilation found no significant differ-
ence in composite outcome of death, me-
chanical ventilation, or prolonged hospital  

 Panel states that there are insufficient 
data to either recommend for or 
against the use of convalescent plasma 
for the treatment of COVID-19 in hospi-
talized children who do not require 
mechanical ventilation. The Panel rec-
ommends against use of convalescent 
plasma for the treatment of COVID-19 
in mechanically ventilated pediatric 
patients. 25 
  
** Pregnancy: Safety and effectiveness 
of convalescent plasma during pregnan-
cy have not been evaluated; however, 
pathogen-specific immunoglobulins are 
used clinically during pregnancy to pre-
vent infection from varicella-zoster virus 
(VZV) and rabies virus. 25 
  
FDA does not collect COVID-19 conva-
lescent plasma and does not provide 
such plasma; healthcare providers and 
acute care facilities obtain convalescent 
plasma from FDA-registered or licensed 
blood establishments. 11, 37 Information 
on obtaining such plasma may be availa-
ble at www.redcrossblood.org or 
www.aabb.org. 14, 15 
  
FDA issued a guidance for industry to 
provide recommendations to 
healthcare providers and investigators 
regarding COVID-19 convalescent plas-
ma, which may be used under the EUA, 
and investigational COVID-19 convales-
cent plasma, which does not meet all 
conditions of the EUA and/or is being 
used under an investigational new drug 
application (IND). This guidance docu-
ment includes recommendations re-
garding pathways available for adminis-
tering or studying COVID-19 convales-
cent plasma, collection of such plasma 
(including donor eligibility and qualifica-
tions, testing such plasma for anti-SARS-
CoV-2 antibodies, product labeling, and 
recordkeeping. 11 
  
Additional pathways (outside of the 
EUA) for administering or studying the 
use of investigational COVID-19 conva-
lescent plasma: 
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   admission (>14 days) in patients who re-
ceived convalescent plasma (up to two 
transfusions of 200 mL) immediately fol-
lowing hospital admission compared with 
those who received convalescent plasma at 
clinical deterioration. Two patients devel-
oped severe respiratory deterioration with-
in 6 hours after transfusion of convalescent 
plasma and were categorized as possible 
transfusion-associated acute lung injury 
(TRALI) type II. 47 
  
Expanded access IND protocol in US 
(Joyner et al): Analysis of 35,322 adults 
hospitalized with laboratory-confirmed 
SARS-CoV-2 infection who had or were 
considered at high risk of progression to 
severe or life-threatening COVID-19 who 
participated in a US FDA Expanded Access 
Program (NCT04338360) suggests that 7- 
and 30-day mortality rates are substantially 
reduced in patients transfused with conva-
lescent plasma within 3 days of COVID-19 
diagnosis. Patients received at least one 
unit (approximately 200 mL) of ABO-
compatible COVID-19 convalescent plasma 
IV according to institutional transfusion 
guidelines. A statistically significant differ-
ence in crude 7-day mortality was observed 
between patients transfused with convales-
cent plasma within 3 days of COVID-19 
diagnosis compared with those transfused 
with convalescent plasma 4 or more days 
after COVID-19 diagnosis (8.7 vs 11.9%). 
Similar findings were observed for 30-day 
mortality rate (21.6 vs 26.7%). A reduction 
in 7- and 30-day mortality rate also was 
observed in patients transfused with conva-
lescent plasma containing higher IgG anti-
body levels (>18.45 signal-to-cut-off [S/Co] 
ratio) compared with those transfused with 
convalescent plasma containing IgG anti-
body levels ≤18.45 S/Co. 36 Analysis of key 
safety indicators in 20,000 adults who par-
ticipated in this Expanded Access Program 
suggests that IV transfusion of convales-
cent plasma is safe in hospitalized patients 
with COVID-19. Within the first 4 hours 
after transfusion, 146 serious adverse 
events (i.e., transfusion-associated circula-
tory overload, transfusion-related acute 
lung injury [TRALI], severe allergic transfu-
sion reaction) were reported (incidence of 
<1% of all transfusions with a mortality rate  

 1). Clinical Trials: Requests to study use 
of COVID-19 convalescent plasma 
should be submitted to FDA under the 
traditional IND regulatory pathway. 11 
2). Intermediate-size Population Ex-
panded Access IND: FDA is accepting 
requests for expanded access INDs for 
use of COVID-19 convalescent plasma in 
patients with serious or immediately life
-threatening COVID-19 who are not 
eligible or are unable to participate in 
randomized clinical trials. Consult the 
FDA guidance document for specific 
information on applying for an expand-
ed access IND for more than a single 
patient. 11 
3). Single Patient Emergency Expanded 
Access IND (IND): Licensed physicians 
seeking to administer COVID-19 conva-
lescent plasma to individual patients 
with serious or life-threatening COVID-
19 may request an individual patient 
expanded access IND from the FDA. 
Consult the FDA guidance document for 
specific information on applying for a 
single patient IND. 11 
  
Donor eligibility: The FDA guidance 
states that COVID-19 convalescent plas-
ma for use under the EUA or for use 
under an IND may be collected from 
individuals who meet the following 
qualifications: 11 
  
1). Laboratory-confirmed evidence of 
COVID-19 infection in individuals who 
had symptoms or laboratory-confirmed 
evidence from 2 different tests in those 
who did not have a prior positive diag-
nostic test and/or never had symptoms 
of COVID-19. 11 
2). Complete resolution of symptoms 
for at least 14 days before donation (a 
negative result for COVID-19 by a diag-
nostic test is not necessary to qualify 
the donor). 11 
3). Male donors, female donors who 
have never been pregnant, or female 
donors who have been tested since 
their most recent pregnancy and results 
interpreted as negative for HLA antibod-
ies. 11 
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   of 0.3%); however, only 13/146 serious 
adverse events were judged by the treating 
clinician as related to convalescent plasma 
transfusion. 31 Within 7 days after transfu-
sion, 1136 other serious adverse events 
were reported (i.e.,  thromboembolic or 
thrombotic event, sustained hypotensive 
event requiring IV vasopressor, cardiac 
event); however, 55/87 thromboembolic or 
thrombotic complications and 569/643 
cardiac events were judged to be unrelated 
to convalescent plasma transfusion. 31 
  
** Retrospective subset analyses of Mayo 
Clinic expanded-access protocol in US:  
Retrospective analysis of a subset of 3082 
hospitalized adults with COVID-19 who 
were treated with convalescent plasma at 
680 acute care facilities in the US as part of 
an expanded-access program indicated 30-
day mortality was improved following 
transfusion of high-titer COVID-19 conva-
lescent plasma compared with low-titer 
convalescent plasma in patients who did 
not require mechanical ventilation prior to 
transfusion (relative risk: 0.66); however, 
no effect on mortality was observed in 
patients who required mechanical ventila-
tion prior to transfusion of convalescent 
plasma (relative risk: 1.02). 25, 53 
  
** Randomized, embedded, multifactorial 
adaptive platform trial (REMAP-CAP): Pre-
liminary analysis of 912 hospitalized adults 
with severe COVID-19 requiring ICU admis-
sion indicated that convalescent plasma 
was unlikely to benefit such patients; how-
ever, the study continues to recruit hospi-
talized patients who do not require ICU 
admission. 25, 55 
  
Open-label, prospective study (Madariaga 
et al): The relationship between clinical and 
serologic parameters in a group of COVID-
19 convalescent plasma donors and anti-
body responses in recipients of convales-
cent plasma was evaluated. SARS-CoV-2 
anti-receptor binding domain (anti-RBD) 
and anti-spike antibody titers ranged from 
0 to 1:3892 and 0 to 1:3289, respectively, 
in 103 convalescent plasma donors; mean 
duration of COVID-19 symptoms in the 
plasma donors was 11.9 days and mean  

 To ensure that COVID-19 convalescent 
plasma collected from donors contains 
antibodies directly related to an im-
mune response to SARS-CoV-2 infection, 
the FDA guidance states that COVID-19 
convalescent plasma should not be 
collected from the following individuals: 
1).  Those who have received an investi-
gational COVID-19 vaccine in a clinical 
trial or received an authorized or li-
censed COVID-19 vaccine, unless they 
had symptoms of COVID-19 and a posi-
tive test result from a diagnostic test 
approved, cleared, or authorized by FDA 
and received the COVID-19 vaccine after 
diagnosis of COVID-19 and are within 6 
months after complete resolution of 
COVID-19 symptoms. 
2). Those who received an Investigation-
al COVID-19 monoclonal antibody in a 
clinical trial or received an authorized or 
licensed COVID-19 monoclonal antibody 
(SARS-CoV-2-specific mAb), unless it is 
≥3 months after receipt of such thera-
py.11 
  
SARS-CoV-2 antibody titers in donor 
plasma: COVID-19 convalescent plasma 
for use under the EUA or an IND must 
be tested to determine suitability be-
fore release. 11  Information on tests 
acceptable for use in the manufacture 
of high-titer COVID-19 convalescent 
plasma and respective qualifying re-
sults may be found in the EUA. 37 
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   interval between symptom onset and con-
valescent plasma donation was 45.1 days; 
predictors of higher antibody titers in the 
donors included advanced age, fever, ab-
sence of myalgia, fatigue, ABO blood type, 
and previous hospitalization. In this study, 
10 hospitalized adults with severe or life-
threatening COVID-19 received 1 or 2 units 
(approximately 300 mL per unit adminis-
tered IV over 4 hours) of ABO-compatible 
COVID-19 convalescent plasma (units had 
SARS-CoV-2 anti-RBD antibody titers of 
1:73 to 1:3892 and anti-spike antibody 
titers of 1:69 to 1:2921) within 21 days 
after symptom onset and 80% of these 
patients had a significant increase in SARS-
CoV-2 anti-spike and anti-RBD antibody 
titer by post-transfusion day 3 and were 
discharged after clinical improvement; 
antibody titers in the convalescent plasma 
recipients were independent of donor anti-
body titer. SARS-CoV-2 antibody titers in 
the convalescent plasma recipients contin-
ued to increase for up to 14 days in 4 recip-
ients; however, 2 severely ill patients re-
ceiving extracorporeal membrane oxygena-
tion (ECMO) who received convalescent 
plasma on day 20-21 of illness and had 
SARS-CoV-2 anti-spike antibody titers of up 
to 1:13,833 on day 0 had a decrease in 
antibody titer after receiving convalescent 
plasma. No convalescent plasma recipients 
experienced toxicity associated with the 
transfusion or clinical deterioration or 
worsening of disease status immediately 
related to plasma transfusion. Convales-
cent plasma transfusion was safe in high-
risk individuals in this study (i.e., immuno-
suppressed, end-stage renal disease). 33 
  
Randomized, double-blind, placebo-
controlled study in Argentina (Libster et 
al):  Results of this study in 160 geriatric 
patients (≥75 years of age or 65–74 years of 
age with ≥1 coexisting condition) with mild 
COVID-19 who received convalescent plas-
ma (250 mL with a SARS-CoV-2 anti-spike 
antibody titer of >1:1000) or placebo (250 
mL of 0.9% sodium chloride injection) with-
in 72 hours of symptom onset found a sig-
nificant reduction in risk of progression to 
severe respiratory disease (16 versus 31%, 
respectively; relative risk 0.52). However,  
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   the study was terminated early because of 
the lack of available patients and, there-
fore, is likely underpowered. 51 
  
Retrospective matched cohort study 
(Rogers et al; non-peer-reviewed) of hospi-
talized COVID-19 patients at 3 Rhode Island 
medical centers indicated no significant 
difference in in-hospital mortality or rate of 
hospital discharge in patients who received 
convalescent plasma within a median of 7 
days after symptom onset; however, sub-
group analysis suggested a significantly 
increased hospital discharge rate among 
convalescent plasma recipients 65 years of 
age or older. 43 
  
Retrospective matched cohort study (Yoon 
et al; non-peer-reviewed) of hospitalized 
COVID-19 patients at a New York medical 
center indicated no significant difference in 
all-cause mortality at 28 days in adults who 
received convalescent plasma (200 mL 
containing SARS-CoV-2 anti-spike antibody 
titers >1:2430) within 72 hours of admis-
sion. Subgroup analysis suggested a 4-fold 
decrease in mortality (8.8 vs 29.4%) and 
deterioration in oxygenation or mortality 
(11.8 vs 35.3%) in convalescent plasma 
recipients <65 years of age compared with 
propensity score-matched patients who did 
not receive convalescent plasma. 50 
  
Retrospective study (Salazar et al; non-
peer-reviewed) of adults diagnosed with 
COVID-19 and hospitalized with pneumonia 
in 215 hospitals in Argentina suggested 
clinical benefit of convalescent plasma in 
such patients; a significant reduction in 28-
day unadjusted mortality was observed in 
convalescent plasma recipients compared 
with those who did not receive convales-
cent plasma (25.5 vs 38%). 49 
  
Multiple clinical trials are ongoing globally 
to evaluate use of COVID-19 convalescent 
plasma in various settings (e.g., postexpo-
sure prophylaxis, treatment of different 
stages of the disease); 19, 22 some are regis-
tered at clinicaltrials.gov. 
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Famotidine 
  
Updated 
4/30/21 

56:28.12 
Histamine H2 
Antagonists 

Computer-aided, structure-
based, virtual screening of 
libraries of compounds 
against SARS-CoV-2 pro-
teins suggested potential 
for famotidine to interact 
with viral proteases in-
volved in coronavirus repli-
cation. 1-4  However, com-
puter-aided modeling sug-
gested binding affinity is 
weak and combined use 
with other antivirals would 
likely be required. 14 
  
In vitro data suggest fa-
motidine does not bind to 
SARS-CoV–2 proteases, 
although antiviral activity 
was not tested in cell lines 
that express H2 receptors. 
11,  12 
  
No in vitro antiviral activity 
against SARS-CoV-2 ob-
served in infected Vero E6 
cells. 11 
  
A possible role for dysfunc-
tional mast cell activation 
and histamine release in 
mediating clinical manifes-
tations of COVID-19 has 
been postulated; it is fur-
ther postulated that the  
principal action of fa-
motidine in COVID-19 may 
relate to activity at H2 re-
ceptors.10, 11 
  
Anecdotal observations: 
Observations based on 
retrospective medical rec-
ord review indicated that 
many Chinese COVID-19 
survivors had received 
famotidine for chronic 
heartburn; mortality rate 
appeared to be lower in 
hospitalized COVID-19 
patients receiving fa-
motidine  than in patients 
not receiving the drug  

Currently no known published prospective 
clinical trial evidence supporting efficacy or 
safety for treatment of COVID-19. 
  
Randomized, double-blind, placebo-
controlled, comparative trial 
(NCT04370262) is evaluating high-dose IV 
famotidine plus standard care vs placebo 
plus standard care in hospitalized adults 
with moderate to severe COVID-19; tar-
geted enrollment is at least 942 patients. 5 
  
Other randomized clinical trials evaluating 
famotidine for treatment of COVID-19 may 
be registered at clinicaltrials.gov. 5 
  
Retrospective cohort study (NCT04389567)  
of 10 outpatients self-medicating with high
-dose famotidine following onset of symp-
toms consistent with COVID-19: No hospi-
talizations reported; all patients reported 
symptomatic improvement within 1-2 days, 
with continued improvement over 14-day 
period. Patients were symptomatic for 2-26 
days before initiating famotidine. Total of 7 
patients had PCR-confirmed COVID-19, 2 
had serologic confirmation of antibodies 
against SARS-CoV-2, and 1 had clinical diag-
nosis only. Famotidine dosage of 80 mg 3 
times daily was reported by 6 patients 
(range: 20-80 mg 3 times daily); median 
reported duration of use was 11 days 
(range: 5–21 days); high-dose famotidine 
generally was well tolerated. Data were 
collected by telephone interviews and 
written questionnaires. Patients retrospec-
tively provided symptom scores on a 4-
point ordinal scale. Potential exists for pla-
cebo effect, recall bias, and enrollment 
bias; symptomatic improvement also could 
reflect treatment-independent 
convalescence. 8 
  
Retrospective matched cohort study of 
COVID-19 patients hospitalized, but not 
requiring intubation within the first 48 hrs, 
at a single New York medical center indicat-
ed that the risk for the composite outcome 
of death or intubation was reduced 
(mainly due to difference in mortality) in 
patients who received famotidine within 
24 hours of hospital admission (n = 84) vs 
those who did not receive the drug  

Dosage in NCT04370262: Famotidine 
is being given IV in 120-mg doses 
(proposed total daily dosage of 360 
mg) for  maximum of 14 days 
or until hospital discharge, whichever 
comes first. 5 
  
Proposed daily dosage in 
NCT04370262 is 9 times the usual 
manufacturer-recommended IV adult 
dosage; 6  the study excludes pa-
tients with creatinine clearance (Clcr)  
≤50 mL/minute, including dialysis 
patients; 5 renally impaired patients 
may be at increased risk of adverse 
CNS effects since drug half-life is 
closely related to Clcr. 

 6 
  
  

Safety and efficacy for treatment of 
COVID-19 not established. 
  
IDSA suggests against using famotidine 
for the sole purpose of treating COVID-
19 in hospitalized patients with severe 
COVID-19 outside of the context of a 
clinical trial. 9 
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  (14 vs 27%); observations 
did not control for possible 
confounding (e.g., socioec-
onomic) factors 3 
  

(n = 1536); overall, 21% of patients met the 
composite outcome (8.8% were intubated 
and 15% died); the finding appeared to be 
specific to the H2 antagonist and to COVID-
19, as the investigators reported observing 
no protective effect with proton-pump 
inhibitors or in non-COVID-19 patients. 
Home use of famotidine was documented 
on admission in 15% of patients who re-
ceived the drug in hospital vs 1% of those 
who did not; 28% of all famotidine doses 
were IV; 47% of doses were 20 mg, 35% 
were 40 mg, and 17% were 10 mg; the 
median duration of use was 5.8 days, and 
the total median dose was 136 mg (63-233 
mg). 7 
  
Retrospective, matched, single-center, 
observational study in hospitalized pa-
tients with RT-PCR-confirmed COVID-19: In-
hospital mortality (14.5 vs 26%) and the 
combined end point of death or intubation 
(7.2 vs 13.8%) were reduced in patients 
who received famotidine (n = 83) com-
pared with a propensity score-matched 
group of patients who did not receive the 
drug (n = 689). Famotidine use was identi-
fied from electronic medical records and 
was defined as IV or oral use at any dosage 
within 7 days before or after COVID-19 
screening and/or hospitalization; in the 
famotidine group, 66% received the drug in 
hospital only, and 29% received the drug 
both before and during hospitalization. 
Median total in-hospital dose was 80 mg 
(range: 40-160 mg) given over a median of 
4 days (range: 2-8 days). There were no 
significant differences between the groups 
with respect to baseline demographics, 
comorbidities, or severity of illness or in 
concomitant use of hydroxychloroquine, 
remdesivir, azithromycin, or corticoster-
oids. 10 
  
Retrospective territory-wide cohort study  
(not peer reviewed) in Hong Kong investi-
gating the association between famotidine 
use and COVID-19 severity: In this cohort of 
952 adults hospitalized with COVID-19, 51 
patients (5.4%) had severe disease; 23 pa-
tients (2.4%) received famotidine and 4 
patients (0.4%) received proton-pump in-
hibitors (PPIs), as determined on the day of  
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   admission. Multivariable logistic regression 
analysis showed no significant association 
between severe COVID-19 disease and use 
of famotidine or PPIs. 15 
  
Retrospective, matched, multiple-hospital 
study investigating the association be-
tween in-hospital famotidine use (within 24 
hours of admission) and mortality in pa-
tients with confirmed COVID-19: Fa-
motidine users and nonusers were 
matched by age, gender, race and ethnici-
ty, body mass index, comorbidities, and in-
hospital hydroxychloroquine use. Patients 
who died or required intubation within 48 
hours of admission were excluded. The 
post-match cohort included 410 patients 
(35.5%) who received famotidine and 746 
matched controls (64.5%). Multivariable 
logistic regression analysis within the 
matched cohort showed no association 
between in-hospital famotidine use and 
30-day mortality after adjustment for 
WHO severity rating, smoking status, and 
use of antiviral and supportive therapies. 16 
  
** Retrospective, multihospital, cohort 
study in hospitalized patients with an elec-
tronic health record (EHR) diagnosis of 
COVID-19:  Famotidine use did not reduce 
mortality or the combined end point of 
death plus intensive intervention 
(mechanical ventilation, tracheostomy, or 
extracorporeal membrane oxygenation 
[ECMO]) at 30 days after admission com-
pared with nonuse of famotidine or com-
pared with use of proton-pump inhibitors 
(PPIs) or hydroxychloroquine.  Medication 
use was determined from dispensing rec-
ords on the day of admission; famotidine 
nonuse was defined as no history of expo-
sure to the drug on or before the day of 
admission. Patients receiving intensive 
services on or within 30 days prior to ad-
mission were excluded. The study included 
1816 famotidine users, 2193 PPI users, 
5950 hydroxychloroquine users, and 26,820 
nonusers of famotidine. Most famotidine 
users received the drug orally (64%) at a 
low dose of 20 mg (73%) on the day of 
admission. After propensity score stratifica-
tion, the hazard ratio for death was 1.03, 
1.14, or 1.03 for famotidine use vs.  
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   no famotidine use, vs. PPI use, or vs. hy-
droxychloroquine use, respectively. Results 
for the combined end point were similar. 17 
  
** Meta-analysis of the above 5 retrospec-
tive studies, 7, 10, 15-17  which included a total 
of 36,635 patients, found no significant 
protective effect for famotidine in reduc-
ing the risk of progression to severe illness, 
death, or intubation in patients with COVID
-19 (odds ratio = 0.82 [95% CI = 0.52-1.3]). 
18 
 Uncontrolled series of hospitalized pa-
tients with COVID-19 receiving open-label, 
combined H2 and H1 antagonist therapy 
(famotidine and cetirizine) for ≥48 hours:  
Total of 110 patients at a single hospital 
received famotidine 20 mg and cetirizine 
hydrochloride 10 mg orally or IV every 12 
hours; concomitant therapy included hy-
droxychloroquine (85%), tocilizumab (51%), 
methylprednisolone (31%), and convales-
cent plasma (30%). Findings included a 
16.4% overall rate of intubation, 7.3% rate 
of intubation after ≥48 hours of treatment, 
15.5% mortality rate, and 11-day average 
hospital stay. Note: Comparisons were 
limited to published outcome data from 
other locales for patients receiving 
“standard-of-care” regimens. 13 

  

Fluvoxamine 
(Luvox CR®) 
  
Updated 
4/30/21 

28:16.04.20 
Selective Sero-
tonin-
reuptake In-
hibitors 

Precise mechanism against 
SARS-CoV-2 not known; 
fluvoxamine is an antide-
pressant with high affinity 
at the sigma-1 receptor, 
which potentially could 
help prevent clinical deteri-
oration in patients with 
COVID-19. 1, 3 
  
The sigma-1 receptor in 
the endoplasmic reticulum 
was essential for cytokine 
production in a mouse 
model of septic shock; 
fluvoxamine is associated 
with enhanced survival in 
mouse models of inflam-
mation and sepsis and 
inhibition of the inflamma-
tory response in human 
peripheral blood cells. 1, 2, 3 
  

Randomized, double-blind, placebo-
controlled, fully remote (contactless) trial 
(Lenze et al; NCT04342663) evaluated 
whether fluvoxamine could prevent clinical 
deterioration in adult outpatients with 
symptomatic (symptom onset within 7 days 
prior to randomization) and laboratory-
confirmed COVID-19 with an O2 saturation 
of ≥92%. Patients enrolled from the St Louis 
metropolitan area were randomly assigned 
to receive either fluvoxamine 100 mg or 
placebo orally 3 times daily for 15 days (see 
Dosage column).  The primary efficacy out-
come was clinical deterioration within 15 
days of randomization, which was defined 
as meeting both of the following criteria:  
1) shortness of breath or hospitalization for 
shortness of breath or pneumonia and 2) 
O2 saturation <92% on room air or need for 
supplemental oxygen to achieve an O2 sat-
uration of ≥92%.  Out of 152 randomized 
patients, 115 (76%) completed the trial.  
Clinical deterioration occurred in 0 of 80  

Fluvoxamine dosage in 
NCT04342663:  50 mg once in the 
evening on day 1, then dosage was 
increased to 100 mg twice daily as 
tolerated on days 2 and 3, then in-
creased to 100 mg 3 times daily as 
tolerated through day 15. 3 
  
Fluvoxamine dosage in 
NCT04668950: Initial dosage of 50 
mg once daily then 100 mg twice 
daily for approximately 15 days; dos-
age can be adjusted based on tolera-
bility. 4 
  
Fluvoxamine dosage in the open-
label cohort was initial dose of 50-
100 mg, then 50 mg twice daily for 
14 days. 5 

** NIH COVID-19 Treatment Guidelines 
Panel states that there are insufficient 
data to recommend either for or against 
use of fluvoxamine for the treatment of 
COVID-19. The panel states that results 
from adequately powered, well- de-
signed, and well-conducted clinical trials 
are needed to provide more specific, 
evidence-based guidance on the role of 
fluvoxamine in the treatment of COVID-
19. 6 
  
Some potential advantages of fluvoxam-
ine include that it’s a relatively safe, 
inexpensive, and available drug that can 
be given orally. Unlike some selective 
serotonin-reuptake inhibitors, fluvox-
amine is not associated with QT-interval 
prolongation.  In addition, it has been 
widely used in children and adults and 
may help treat depressive and anxiety 
symptoms that may occur in patients 
with COVID-19.  However, fluvoxamine  
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  Further studies needed to 
establish whether the anti-
inflammatory effects of 
fluvoxamine observed in 
nonclinical studies also 
occur in humans and are 
clinically relevant in the 
COVID-19 setting. 6 

patients in the fluvoxamine group and in 6 
of 72 patients (8.3%) in the placebo group.  
This preliminary study had several limita-
tions, including a relatively small sample 
size, a single geographic area, a limited 
number of events occurred, and a short 
follow-up period.  In addition, ascertaining 
clinical deterioration of patients was diffi-
cult because all assessments were made 
remotely. 3, 6 
  
A larger, fully remote, randomized, placebo
-controlled, phase 3 trial (the StopCovidTri-
al) evaluating fluvoxamine in adults with 
COVID-19 (expected enrollment 880) is 
currently under way by the same group of 
investigators as the Lenze et al study above 
(NCT04668950). 4 
  
Seftel and Boulware reported on a prospec-
tive open-label cohort of patients in whom 
fluvoxamine was given during a mass 
COVID-19 outbreak at a horse racing track 
in California. A total of 65 patients with 
laboratory-confirmed COVID-19 chose to 
receive fluvoxamine (loading dose of 50-
100 mg, then 50 mg twice daily for 14 days) 
and 48 patients declined the drug and re-
ceived observed only. Hospitalization oc-
curred in 0% of the fluvoxamine-treated 
patients compared with 12.5% of those 
receiving observation alone (2 of these 
patients required ICU treatment with me-
chanical ventilation and one of these pa-
tients died). At 14 days, residual symptoms 
persisted in none of the fluvoxamine-
treated patients compared with 60% of 
those receiving observation alone. No seri-
ous adverse events were reported in the 
patients taking fluvoxamine. Limitations of 
this study include that it was a nonrandom-
ized trial with a small sample size and lim-
ited data were collected during the course 
of the study. 5, 6 
  
Other clinical trials evaluating use of fluvox-
amine in patients with COVID-19 may be 
registered at clinicaltrials.gov. 4 

 may cause clinically important drug 
interactions because it is a potent inhib-
itor of CYP isoenzymes 1A2 and 2C19 
and a moderate inhibitor of CYP isoen-
zymes 2C9, 2D6, and 3A4. 1, 3, 5, 6 
  
Pediatric use: No data available to date 
on use of fluvoxamine for prevention or 
treatment of COVID-19 in pediatric pa-
tients. 6 
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HMG-CoA 
Reductase 
Inhibitors 
(statins) 
  
Updated 
4/30/21 

24:06 Antilipe-
mic Agents 

In addition to lipid-
lowering effects, statins 
have anti-inflammatory 
and immunomodulatory 
effects, which may prevent 
acute lung injury. 1 
  
Statins affect ACE2 as part 
of their function in reduc-
ing endothelial dysfunc-
tion. 2, 8 

Data from randomized controlled trials are 
lacking on the use of statins in pts with 
COVID-19.  Retrospective cohort studies in 
various settings and meta-analyses con-
ducted using data from observational stud-
ies have yielded conflicting results regard-
ing the benefit of statin treatment on dis-
ease severity or mortality and/or recovery 
time in pts with COVID-19. 10-16, 22-30 
  
Retrospective cohort studies: 
In a study of 13,981 pts in China hospital-
ized with COVID-19, statin use during hos-
pitalization was associated with lower risk 
of mortality. The 28-day all-cause mortality 
was 22% lower in pts who received statins 
during hospitalization compared with pts 
who did not receive statins. Among pro-
pensity-score-matched pts (861 pts in the 
statin group vs 3444 matched pts in the 
non-statin group), the risk of 28-day all-
cause mortality was 42% lower in pts who 
received statins during hospitalization com-
pared with those who did not receive 
statins. In addition, lower incidence of inva-
sive mechanical ventilation was observed in 
the statin-treated pts. The authors note 
that pts in the statin group were older and 
had a higher prevalence of comorbidities 
and more severe symptoms at baseline; 
matched non-statin pts therefore had more 
severe baseline symptoms and comorbidi-
ties than unmatched pts, which could ac-
count for the increased mortality in the non
-statin group after propensity score match-
ing. 11 
  
In a national registry-based cohort study in 
Denmark, statin use was not associated 
with decreased risk of all-cause mortality or 
severe disease in patients with COVID-19. 
This study captured data from 4842 pts 
with a hospital encounter (e.g., inpatient, 
outpatient, ED visit) and COVID-19; 17.4% 
were receiving statin therapy (defined as 
individuals having filled a prescription for a 
statin within 6 months prior to COVID-19 
diagnosis). After adjusting for baseline 
characteristics, including comorbidities 
(e.g., history of ischemic heart disease, 
stroke, diabetes mellitus, hypertension, 
malignancy, chronic kidney disease, liver 
disease) and concomitant medications,  

  
  

** NIH COVID-19 Treatment Guidelines 
Panel states pts who are receiving statin 
therapy for an underlying medical con-
dition should not discontinue such ther-
apy unless discontinuation is otherwise 
warranted by their clinical condition. 2 
The panel recommends against use of 
statins for the treatment of COVID-19 
except in the context of a clinical trial. 2 
  
Pts with cardiovascular disease are at an 
increased risk of serious COVID-19 infec-
tions. 3 
  
In pts with active COVID-19 who may 
develop severe rhabdomyolysis, it may 
be advisable to withhold statin therapy 
for a short period of time. 3 
  
Most statins are substrates for the 
CYP450 system; potential for drug inter-
actions. 7 
  
Clinicians should ensure that their high-
risk primary prevention (for ASCVD) pts 
are on guideline-directed statin therapy. 
3 
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   there was no difference between statin and 
non-statin pts in the 30-day risk of all-cause 
mortality, severe disease, and a composite 
of both outcomes. The study also found no 
differences in these outcomes among statin 
pts when stratified by specific statin or 
statin intensity. 23 
  
In a study of 2157 pts hospitalized with 
COVID-19 at multiple centers in Spain 
(NCT04407273; STACOV), statin use prior 
to hospitalization was associated with a 
lower in-hospital mortality rate compared 
with no statin use (19.8 vs 25.4%), particu-
larly in pts who continued statin therapy 
during hospitalization (17.4%).  Approxi-
mately 58% of the 581 pts receiving statins 
prior to hospitalization continued therapy 
at the same dosage during hospitalization. 
In this study, propensity matching failed to 
achieve similar baseline characteristics 
between statin and non-statin pts; pts were 
therefore matched using a genetic match-
ing method. 20 
  
A study of 2147 pts hospitalized with 
COVID-19 at 2 hospitals in China found an 
association between statin use and lower 
mortality and improved clinical outcomes 
compared with no statin use. In this study, 
11.6% of patients were receiving statin 
therapy prior to admission that was contin-
ued during hospitalization. After propensity 
score matching, statin use was associated 
with a lower risk of death, ARDS, and ICU 
admission compared with no statin use 
(adjusted hazard ratios: 0.251, 0.232, and 
0.381, respectively). 24 
  
In a study of 842 pts hospitalized with 
COVID-19 at multiple centers in Italy, statin 
use was not associated with a difference in 
in-hospital mortality compared with no 
statin use. In this study, 21% of pts were 
receiving statin therapy prior to admission. 
After propensity score matching, although 
pts receiving statin therapy presented with 
worse disease severity (as assessed by the 
National Early Warning Score [NEWS]) and 
worse radiological features compared with 
non-statin pts, there was no difference in in
-hospital mortality between statin and non-
statin pts. The study also found that,  
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   although pts receiving high- or moderate- 
intensity statin therapy had worse clinical 
presentation of disease compared with 
those receiving low-intensity statin thera-
py, in-hospital mortality was similar be-
tween the groups. 25 
  
In a study of 170 pts hospitalized for COVID
-19 at a single US center, statin use prior to 
admission was associated with reduced risk 
of developing severe disease and, among 
those without severe disease, faster time 
to recovery. In this study, 27% of pts re-
ported using statins within 30 days prior to 
hospitalization for COVID-19. Statin use 
was associated with a 71% lower risk of 
severe outcome (i.e., death or ICU admis-
sion). In addition, rate of recovery in pts 
without severe disease was higher (hazard 
ratio for recovery: 2.69) and median time 
to recovery was shorter for those who re-
ceived statins. The beneficial effect of 
statin use on reduction of severe outcomes 
in pts with COVID-19 was greater than that 
observed in a large control cohort of COVID
-19-negative pts. 12 
  
In a study of 249 pts hospitalized with 
COVID-19 at multiple US centers, statin use 
prior to hospitalization was associated with 
lower risk of invasive mechanical ventila-
tion in some models, but there was no 
substantial association between statin use 
and in-hospital death or ICU admission. 16 
  
In a cohort analysis of 541 pts hospitalized 
with COVID-19 at a single center in Italy, 
the association between statin use prior to 
hospitalization and reduced mortality or 
disease severity was not statistically signifi-
cant. 21 
  
Statin use was associated with a small, but 
statistically significant, decrease in mortali-
ty compared with no statin use in a multi-
center US-based study comparing 2297 
COVID-19 pts receiving statins (defined as 
pts with a medication order for a statin 
within 10 days before and 7 days after posi-
tive SARS-CoV-2 test) with 4594 propensity 
score-matched non-statin pts. In this study, 
the mortality rate was 16.1% in statin users 
and ranged from 18-20.6%, depending on  
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   propensity score iteration, in non-statin 
users. 30 
  
In a study using the Korean National Health 
Insurance Service database, prior statin use 
was associated with a lower risk of mortali-
ty in hospitalized COVID-19 pts. This study 
included 10,448 pts hospitalized for COVID-
19 (5.1% were statin users based on pre-
scription records). After propensity score 
matching, the risk of mortality was 36% 
lower in statin users compared with non-
statin users. 29 
  
Intensive care pts: In a study of 87 pts 
admitted to the ICU with COVID-19 at a 
single US center, treatment with atorvas-
tatin (40 mg daily) was associated with a 
reduced risk of death (adjusted hazard 
ratio: 0.38). 13 
  
Non-hospitalized pts: In a study of 154 
nursing home residents in Belgium with 
clinically suspected COVID-19 and/or posi-
tive PCR test for SARS-CoV-2, statin use was 
associated with absence of symptoms (i.e., 
asymptomatic infection) in this cohort; 45% 
of the 31 pts receiving statin therapy re-
mained asymptomatic compared with 22% 
of the 123 pts not receiving statins. 10 
  
In a retrospective cohort study in Korea, 
statin use was associated with lower odds 
of developing COVID-19 compared with no 
statin use. This study included 122,040 
individuals without COVID-19 in the Nation-
al Health Insurance Service database in 
Korea (18.5% were statin users based on 
prescription records). The primary endpoint 
was COVID-19 diagnosis. After propensity 
score matching, the odds of developing 
COVID-19 were 35% lower in statin users 
compared with non-statin users. However, 
among the 7780 pts diagnosed with COVID-
19, there was no substantial difference in 
hospital mortality between statin users and 
those not receiving statins. 28 
  
Meta-analyses: 
Preliminary findings from a meta-analysis 
(Kow & Hasan) of 4 cohort or case-control 
studies which included a total of 8990 pts 
with COVID-19 suggest that statin use is  
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   associated with a 30% reduction in risk of 
severe or fatal outcome in pts with COVID-
19. 14 However, another meta-analysis of 9 
cohort or case-control studies (Hariyanto & 
Kurniawan) did not find an association be-
tween statin use and improved severity or 
mortality outcomes in pts with COVID-19. 
This meta-analysis included a total of 3449 
pts with COVID-19 and included 2 of the 
same studies used in the Kow & Hasan 
analysis. 15 
  
A larger meta-analysis of observational 
studies (Scheen) found that statin use was 
not associated with reduced in-hospital 
mortality (13 studies with a total of 42,722 
pts) or disease severity (11 studies with a 
total of 14,022 pts). In studies using multi-
variate analyses or adjusting for covariates, 
statin use was associated with lower rates 
of in-hospital mortality and reduced dis-
ease severity (adjusted odds ratio: 0.73). In 
addition, studies that utilized propensity-
score matching for comparison found a 
statistically significant lower risk of in-
hospital mortality in statin users compared 
with those not receiving statins (hazard 
ratios ranging from 0.48 to 0.88). The au-
thors note that there was considerable 
heterogeneity between studies. 22 
  
Another meta-analysis (Pal et al.), which 
included 14 observational studies with a 
total of 19,988 pts, found that although 
analysis of unadjusted data indicated cur-
rent and/or in-hospital statin use was not 
associated with differences in clinical out-
comes (e.g., mortality, ICU admission), 
when analysis was limited to the 5 studies 
that reported adjusted odds and/or hazard 
ratios, statin use was associated with a 36-
49% reduced risk of adverse clinical out-
comes. 26 
  
Another meta-analysis (Permana et al.; 13 
observational studies with a total of 52,122 
pts) investigated whether in-hospital use of 
statins had an effect on mortality in pa-
tients with COVID-19. In 8 studies that spe-
cifically reported the use of statins during 
hospitalization, in-hospital statin use was 
associated with a 46% lower risk of mortali-
ty compared with no statin use. 
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   In the remaining 5 studies where statin use 
was discontinued or not explicitly stated as 
being continued during hospitalization, no 
difference in mortality was observed be-
tween pre-hospitalization statin use and no 
prior statin use. 27 
  
In pts with diabetes mellitus hospitalized 
with COVID-19, observational studies have 
also yielded conflicting results with regards 
to statin use. 17, 18, 19  In a US single-center 
observational study, among 2266 pts with 
diabetes mellitus hospitalized with COVID-
19, statin use during hospitalization was 
associated with reduced in-hospital mortal-
ity (hazard ratio 0.51). 19 In addition, a large 
registry-based cohort study in England 
found an association between statin use 
(i.e., having a prescription for statins) and 
reduced COVID-19-related mortality in pts 
with type 2 diabetes mellitus. 17 However, a 
cohort study of 2449 pts with type 2 diabe-
tes mellitus hospitalized with COVID-19 at 
multiple centers in France (CORONADO 
study) found that statin use prior to hospi-
talization was associated with higher 7- and 
28-day mortality compared with no statin 
use (odds ratio 1.74 and 1.46, respectively). 
18 
Other respiratory conditions: 
Preliminary findings have shown mixed 
results with other respiratory illnesses; 
some observational studies suggest statin 
therapy is associated with a reduction in 
various cardiovascular outcomes and possi-
bly mortality in pts hospitalized with influ-
enza and/or pneumonia. 3-6 
  
Other clinical trials evaluating use of statins 
in pts with COVID-19 may be registered at 
clinicaltrials.gov. 9 

  

Immune 
Globulin 
  
Updated 
10/28/20 

80:04 
Immune Glob-
ulin 

Commercially available 
immune globulin (non-
SARS-CoV-2-specific IGIV, 
IVIG, γ-globulin): Immune 
globulin derived from 
pooled plasma containing 
many antibodies normally 
present in adult human 
blood; used for replace-
ment therapy or treatment 
of various immune and 
inflammatory disorders  

Investigational Anti-SARS-CoV-2 Hyperim-
mune Globulin (anti-SARS-CoV-2 hIGIV) 
  
Several manufacturers are collaborating to 
provide investigational anti-SARS-CoV-2 
hIGIV on behalf of the CoVIg-19 Plasma 
Alliance for the Inpatient Treatment with 
Anti-Coronavirus Immunoglobulin (ITAC) 
study (NCT04546581). The ITAC study is an 
international, multi-center, randomized, 
double-blind, placebo-controlled, adaptive 
phase 3 study sponsored by the NIAID to  

Commercially available immune 
globulin (non-SARS-CoV-2-specific 
IGIV): Dosage of 0.3-0.5 g/kg daily for 
3-5 days has been used or is being 
investigated in patients with COVID-
19  8, 12, 20 
  
  

Role of commercially available immune 
globulin (non-SARS-CoV-2-specific IGIV) 
and investigational anti-SARS-CoV-2 
hyperimmune globulin (anti-SARS-CoV-2 
hIGIV) in the treatment of COVID-19 is 
unclear. 16 
  
The NIH COVID-19 Treatment Guide-
lines Panel recommends against the use 
of commercially available IGIV (non-
SARS-CoV-2-specific IGIV) for the treat-
ment of COVID-19 except in the context  
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  (e.g., primary or secondary 
humoral immunodeficien-
cy, immune thrombocyto-
penic purpura) and also 
used to provide passive 
immunity to certain viral 
infections in other individ-
uals. 1, 21, 22 
  
Commercially available 
immune globulin (non-
SARS-CoV-2-specific IGIV) 
may contain antibodies 
against some previously 
circulating coronaviruses. 2, 

3, 13, 18 Antibodies that cross
-react with SARS-CoV-1, 
MERS-CoV, and SARS-CoV-
2 antigens have been de-
tected in some currently 
available IGIV products; 18 
however, further evalua-
tion is necessary to assess 
potential in vivo activity of 
such anti-SARS-CoV-2 anti-
bodies using functional 
tests such as neutralization 
assays. 18 
  
Investigational SARS-CoV-
2 immune globulin (anti-
SARS-CoV-2 hyperimmune 
globulin intravenous 
[hIGIV]): Concentrated 
immune globulin prepara-
tion containing specific 
antibody derived from 
pooled plasma of individu-
als who have recovered 
from COVID-19.16, 23 
  
Investigational anti-SARS-
CoV-2 hIGIV preparations 
potentially could reduce 
dissemination and acceler-
ate clearance of SARS-CoV-
2 and theoretically may 
provide both immediate 
and long-term protection 
against the virus (e.g., for 
as long as one month). 2, 16, 

23, 24 
  
  

evaluate safety, tolerability, and efficacy of 
anti-SARS-CoV-2 hIGIV for treatment of 
hospitalized adults at risk for serious com-
plications of COVID-19 disease. All enrolled 
patients will receive treatment with 
remdesivir. 12, 25 (See Remdesivir in this 
Evidence Table.) 
  
Commercially Available Immune Globulin 
(non-SARS-CoV-2-specific IGIV) 
  
SARS Experience: IGIV has been used in 
the treatment of SARS. 4-7, 15 Benefits were 
unclear because of patient comorbidities, 
differences in stage of illness, and effect of 
other treatments; 5 IGIV may have contrib-
uted to hypercoagulable state and throm-
botic complications in some patients. 6, 7 
  
Open-label, prospective, randomized, 
controlled study in the US (Sakoulas et al; 
NCT04411667):  Preliminary (non-peer-
reviewed) data from a study of  33 adults 
with COVID-19 and moderate to severe 
hypoxia (defined as SpO2 ≤96% requiring ≥4 
liters O2 by nasal 
cannula) but not on mechanical ventilation 
found that IGIV significantly improved hy-
poxia and reduced hospital length of stay 
and progression to mechanical ventilation in 
patients with alveolar-arterial (A-a) gradient 
≤200 mm Hg treated with IGIV (Octagam® 
10% 0.5 g/kg daily for 3 days) plus standard 
of care compared with standard of care 
alone.  All 16 patients in the IGIV group 
received premedication with methylpredni-
solone (40 mg IV) prior to each IGIV dose 
and 5 of these received additional glucocor-
ticoid therapy; 10/17 patients in the stand-
ard of care group received some glucocorti-
coid therapy. 20 
  
COVID-19 case reports in China (Cao et al): 
Treatment with IGIV at the early stage of 
clinical deterioration was reported to pro-
vide some clinical benefit in 3 adults with 
severe COVID-19; 2 patients also received 
antivirals and 1 patient also received short-
term steroid treatment. Patients were afe-
brile within 1-2 days and breathing difficul-
ties gradually improved within 3-5 days of 
IGIV administration. 8 
  
 

 of a clinical trial and states that current 
IGIV preparations are not likely to con-
tain SARS-CoV-2 antibodies. 16 This does 
not preclude the use of IGIV when it is 
otherwise indicated for the treatment 
of complications arising during the 
course of COVID-19 disease. 16 
  
NIH states that there are insufficient 
data to recommend either for or against 
the use of investigational SARS-CoV-2 
immune globulin (anti-SARS-CoV-2 
hIGIV) for the treatment of COVID-19. 16 
  
The Surviving Sepsis Campaign COVID-
19 subcommittee suggests that com-
mercially available IGIV not be used 
routinely in critically ill adults with 
COVID-19 because efficacy data not 
available, such preparations may not 
contain antibodies against SARS-CoV-2, 
and IGIV can be associated with in-
creased risk of severe adverse effects 
(e.g., anaphylaxis, aseptic meningitis, 
renal failure, thromboembolism, hemo-
lytic reactions, transfusion-related lung 
injury). 13 
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   COVID-19 clinical experience in China: IGIV 
has been used as an adjunct in the treat-
ment of COVID-19 and has been mentioned 
in Chinese guidelines as a possible treat-
ment option for severe and critically ill 
children with COVID-19. 9-11, 14 
  
Multicenter retrospective study in China: 
Among a cohort of 325 patients with severe 
or critical COVID-19 disease, no difference 
in 28-day or 60-day mortality was observed 
between patients who were treated with 
IGIV and those who were not treated with 
IGIV. However, patients who received IGIV 
were older and more likely to have coro-
nary heart disease and critical status at 
study entry; patients also received numer-
ous other treatments which limit interpre-
tation of these findings. 16, 19 
  
Retrospective study in China: 58 cases of 
severe or critical COVID-19 illness in ICU 
patients were reviewed. 17 Patients re-
ceived IGIV in addition to other treatments 
(e.g., antiviral and anti-inflammatory 
agents).  A statistically significant difference 
in 28-day mortality was observed between 
patients who received IGIV within 48 hours 
of admission compared with those who 
received IGIV after 48 hours (23 vs 57%). 
Treatment with IGIV within 48 hours also 
was associated with reduced duration of 
hospitalization and reduced ICU length of 
stay and need for mechanical ventilation. 17 
  
Efficacy data not available from controlled 
clinical studies to date. 
  
Several clinical studies have been initiated 
to evaluate efficacy and safety of IGIV (non-
SARS-CoV-2-specific IGIV) or anti-SARS-CoV
-2 hyperimmune globulin (anti-SARS-CoV-2 
hIGIV) in patients with COVID-19, including 
the following trials: 12 
  
NCT04264858 
NCT04350580 
NCT04381858 
NCT04261426 
NCT04411667 
NCT04400058 
NCT04480424 
NCT04546581 
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Ivermectin 
  
(Stromectol®) 
  
Updated 
4/30/21 

8:08 
Anthelmintic 

In vitro activity against 
some human and animal 
viruses 1-6 
  
In vitro evidence of activity 
against SARS-CoV-2 in in-
fected Vero-hSLAM cells 
reported with high concen-
trations of the drug 1 

Limited published clinical data to date eval-
uating use in the treatment of COVID-19 
  
Pilot observational study comparing effica-
cy of add-on ivermectin in pts with mild to 
moderate COVID-19 (not peer reviewed): 
A total of 16 pts received a single dose of 
oral ivermectin (0.2 mg/kg) given on the 
day of hospital admission in addition to 
initiation of treatment with hydroxychloro-
quine and azithromycin, and results were 
compared with 71 pts who received hy-
droxychloroquine and azithromycin alone 
(matched controls). The primary outcome 
was percentage of pts cured (defined as 
symptoms free to be discharged from the 
hospital and 2 consecutive negative PCR 
tests from nasopharyngeal swabs at least 
24 hours apart) within 23 days. The investi-
gators reported that all 16 pts who re-
ceived ivermectin were cured compared 
with 97% of pts who did not receive iver-
mectin and the mean duration of hospitali-
zation was shorter in the ivermectin group 
(7.6 days) than in the control group (13.2 
days). Note: These results need to be vali-
dated in a larger prospective trial. 11 
  
Retrospective cohort study of COVID-19 
pts treated with ivermectin (Rajter et al): 
Outcome data for 173 pts with confirmed 
COVID-19 who received oral ivermectin at 
any time during hospitalization (0.2-mg/kg 
dose; 13 pts received a second dose) in 
addition to usual care were compared with 
outcome data for 107 pts who received 
usual care.  Usual care included hy-
droxychloroquine and/or azithromycin in 
most pts in both groups; use of these drugs 
and ivermectin was at the discretion of the 
treating physician. The primary outcome 
measure was all-cause in-hospital mortali-
ty; secondary outcome measures included 
mortality in the subgroup of pts with se-
vere pulmonary involvement, length of 
hospital stay, and extubation rates in me-
chanically ventilated pts. For the un-
matched cohort, overall mortality was low-
er in the ivermectin group (15%) than in 
the group not treated with ivermectin 
(25.2%); overall mortality in the matched 
cohort also was lower in the ivermectin 
group (13.3 vs 24.5%). Data for the  

  No published data to date from ran-
domized, controlled clinical trials to 
support use in the treatment or preven-
tion of COVID-19 
  
NIH COVID-19 Treatment Guidelines 
Panel states that data are insufficient to 
date to recommend either for or 
against the use of ivermectin for the 
treatment of COVID-19. These experts 
state that clinical trials reported to date 
have significant methodological limita-
tions and incomplete information; re-
sults from adequately powered, well-
designed, and well-conducted clinical 
trials are needed to provide more spe-
cific, evidence-based guidance on the 
role of ivermectin in the treatment of 
COVID-19. 13 
  
** NIH panel recommends against use 
of ivermectin for preexposure prophy-
laxis (PrEP) or postexposure prophylaxis 
(PEP) for prevention of SARS-CoV-2 
infection, except in a clinical trial. 13 
Only limited clinical trial data are availa-
ble to date regarding use of ivermectin 
for PrEP or PEP.  Although some poten-
tially promising results were reported in 
a few initial studies (some not peer 
reviewed), 13, 18, 19, 20 these findings are 
limited by design of the studies, small 
sample sizes, and lack of details regard-
ing safety and efficacy of the drug. 13 
  
IDSA suggests against use of ivermectin 
for treatment of severe COVID-19 in 
hospitalized patients and use of iver-
mectin for treatment of COVID-19 in 
outpatients outside of the context of a 
clinical trial. 17 
  
Manufacturer (Merck) states that, to 
date, there is no scientific basis from 
preclinical studies for a potential thera-
peutic effect of ivermectin against 
COVID-19, no meaningful evidence of 
clinical activity or clinical efficacy of the 
drug in patients with COVID-19, and a 
concerning lack of safety data in the 
majority of studies. In addition, availa-
ble data do not support the safety and 
efficacy of ivermectin beyond the doses  
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   subgroup of pts with severe pulmonary 
involvement also indicated lower mortality 
in the ivermectin group (38.8 vs 80.7%). 
There was no difference in duration of hos-
pitalization between the groups in either 
the unmatched or matched cohorts 
(median of 7 days for both groups). There 
also was no significant difference in extuba-
tion rates between groups in either the 
unmatched or matched cohorts. Note: The 
effect of ivermectin on viral load was not 
evaluated and the impact of confounding 
factors in these patients (e.g., time from 
diagnosis to initiation of treatment, differ-
ences in drugs used for standard care and 
variances in clinical benefits of such drugs) 
is not known. 12 
  
Randomized, double-blind, placebo-
controlled trial in hospitalized adults 
(Ahmed et al): A total of 72 adults with 
COVID-19 were randomized to receive iver-
mectin (12 mg orally once daily for 5 days), 
ivermectin (single 12-mg oral dose) with 
doxycycline (200 mg orally on day 1, then 
100 mg every 12 hours for 4 days), or pla-
cebo. The primary end points were time 
required for virologic clearance (i.e., nega-
tive RT-PCR on nasopharyngeal swab) and 
remission of fever and cough within 7 days. 
The mean time to viral clearance was 9.7 
days in the 5-day ivermectin group, 11.5 
days in the ivermectin with doxycycline 
group, and 12.7 days in the placebo group. 
There was no significant difference be-
tween groups in remission of fever and 
cough. 14 
  
** Randomized, double-blind, placebo-
controlled trial in adults with mild COVID-
19 (López-Medina et al; NCT04405843): A 
total of 476 adults (hospitalized or outpa-
tients) with mild disease and symptom 
onset within the previous 7 days were ran-
domized 1:1 to receive a 5-day regimen of 
ivermectin (300 mcg/kg daily as an oral 
solution) or placebo. The primary outcome 
was the time from randomization to com-
plete resolution of symptoms within the 21
-day follow-up. The primary efficacy analy-
sis population included 398 pts (200 re-
ceived ivermectin and 198 received place-
bo). Baseline demographic and disease  

 and populations indicated in regulatory 
agency-approved prescribing infor-
mation. 16 
  
Ivermectin plasma concentrations 
attained with dosages recommended 
for treatment of parasitic infections are 
substantially lower than concentrations 
associated with in vitro inhibition of 
SARS-CoV-2; 7, 9 pharmacokinetic model-
ing predicts that plasma concentrations 
attained with dosages up to 10 times 
higher than usual dosage also are sub-
stantially lower than concentrations 
associated with in vitro inhibition of the 
virus 9 
  
FDA issued a warning concerning possi-
ble inappropriate use of ivermectin 
products intended for animals as an 
attempt to self-medicate for the treat-
ment of COVID-19 8 
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   characteristics were well balanced between 
groups. Ivermectin treatment did not sig-
nificantly improve time to resolution of 
symptoms in pts with mild COVID-19 
(median of 10 or 12 days in the ivermectin 
or placebo group, respectively). At day 21, 
82 or 79% of the ivermectin or placebo 
group, respectively, had complete resolu-
tion of symptoms. 21 
  
Randomized, double-blind, placebo-
controlled pilot study to evaluate ivermec-
tin for reduction of SARS-CoV-2 transmis-
sion (Chaccour et al): Twelve adults with 
nonsevere COVID-19 who had no risk fac-
tors and symptom onset within the last 72 
hours were randomized 1:1 to receive iver-
mectin (single dose of 400 mcg/kg) or pla-
cebo. The primary outcome measure was 
the proportion of patients with detectable 
SARS-CoV-2 RNA by PCR from nasopharyn-
geal swab at day 7. Results indicated no 
difference in the proportion of PCR-positive 
patients between the ivermectin group and 
placebo group at day 7 (100% of pts in both 
groups still had positive PCR). 15 
  
Various clinical trials evaluating ivermectin 
used alone or in conjunction with other 
drugs for the treatment or prevention of 
COVID-19 are registered at clinicaltri-
als.gov. 10 

  

Nebulized 
drugs 
  
Updated 
2/11/21 

  Potential harm: Concern 
that use of nebulized drugs 
(e.g., albuterol) for the 
management of respirato-
ry conditions in patients 
with COVID-19 infection 
may distribute the virus 
into the air and expose 
close contacts.1, 2, 4, 5, 7, 8 
  
  

Nebulizer treatment used in clinical prac-
tice to treat influenza and other respiratory 
infections is thought to generate droplets 
or aerosols.  In one study, nebulized saline 
delivered droplets in the small- and medi-
um-size aerosol/droplet range. These re-
sults may have infection control implica-
tions for airborne infections, including se-
vere acute respiratory syndrome and pan-
demic influenza infection. 3 

  American College of Allergy, Asthma & 
Immunology (ACAAI) recommends that 
nebulized albuterol should be adminis-
tered in a location that minimizes expo-
sure to close contacts who do not have 
COVID-19 infection.  In the home, 
choose a location where air is not recir-
culated (e.g., porch, patio, or garage) or 
areas where surfaces can be cleaned 
easily or may not need cleaning. 1, 4 
  
In hospitals, clinicians typically use neb-
ulizers to deliver medications such as 
albuterol, but are being encouraged to 
switch to use of metered-dose or dry 
powder inhalers in patients who are 
awake and who can perform specific 
breathing techniques because of the 
risk of the virus becoming airborne 
when treating patients infected with 
COVID-19. 2, 5, 7 
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     There is a lack of published information 
and guidance on the optimal admin-
istration of aerosolized drugs in the 
treatment of patients with COVID-19. 
The safe and effective delivery of aero-
sol therapy to such patients may require 
modifications in dosage, frequency, and 
delivery techniques, as well as use of 
protective measures. 5, 7 
  
WHO states there is insufficient evi-
dence to classify nebulizer therapy as an 
aerosol-generating procedure associat-
ed with COVID-19 transmission and that 
further study is needed. 6 
  
CDC states that it is unclear whether the 
potential association between nebulizer 
therapy and increased risk of transmis-
sion of COVID-19 infection is related to 
the aerosol-generating procedure or to 
increased contact between those ad-
ministering the nebulized therapy and 
infected patients. 8 If clinicians need to 
be present during nebulizer use among 
patients who have symptoms or a diag-
nosis of COVID-19, recommended infec-
tion control precautions (e.g., social 
distancing, use of negative-pressure 
rooms, discarding or disinfecting per-
sonal protective equipment after each 
use) should be followed when aerosol-
generating procedures are performed. 7,  
8 
  

Niclosamide 
  
Updated 
3/25/21 

8:08 
Anthelmintic 

Antiparasitic agent that 
also has broad antiviral 
activity 2 
  
In vitro evidence of activity 
against SARS-CoV-1 and 
MERS-CoV; 1,2 inhibited 
replication and antigen 
synthesis of SARS-CoV-1 in 
vitro, but did not interfere 
with attachment to and 
entry into cells 1 
 

In drug repurposing 
screens, niclosamide was 
found to inhibit replication 
of SARS-CoV-2 in vitro in 
Vero E6 cells 4, 5 

Currently no known published clinical trial 
data regarding efficacy or safety in the 
treatment of COVID-19 
  
Niclosamide may be included in some 
COVID-19 clinical trials registered at clini-
caltrials.gov 3 
  

Protocol in one ongoing trial 
(NCT04399356)  specifies a niclosa-
mide dosage of 2 g orally once daily 
for 7 days for treatment of mild to 
moderate COVID-19 in adults 3 
  
  
Protocol in one ongoing trial 
(NCT04603924) specifies a niclosa-
mide dosage of 1 g orally twice daily 
for 7 days for treatment of moderate 
or severe COVID-19 in hospitalized 
adults 3 

Not commercially available in the US 
  
Although suggested as a potential treat-
ment for COVID-19 based on its broad 
antiviral activity, including in vitro activi-
ty against coronaviruses, 1,2 there are no 
data to support the use of niclosamide 
in the treatment of COVID-19 
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Nitazoxanide 
(Alinia®) 
  
  
Updated 
2/25/21 

8:30.92 
Antiprotozoal 

In vitro activity against 
various viruses, including 
coronaviruses 4, 5 
  
Structurally similar to ni-
closamide 3, 5 
  
In vitro evidence of activity 
against SARS- CoV-2 1, 14 
  
In vitro activity against 
MERS-CoV 4 
  
Suppresses production of 
proinflammatory cytokines 
in peripheral blood mono-
nuclear cells; suppresses IL
-6 in mice 4 
  
Some in vitro evidence of 
potential synergism be-
tween nitazoxanide and 
remdesivir and between 
nitazoxanide and umifeno-
vir against SARS-CoV-2; 
additional data needed 10 
  
  
  
  

Only very limited data available regarding 
efficacy or safety in the treatment of COVID
-19 
  
Experience in treating influenza: In a ran-
domized, placebo-controlled study in 624 
otherwise healthy adult and adolescent 
patients with acute uncomplicated influen-
za, treatment with nitazoxanide reduced 
duration of symptoms by approximately 1 
day 6 
  
Experience in treating influenza-like ill-
ness: In two studies for the treatment of 
influenza-like illness symptoms associated 
with viral respiratory infection in 186 adults 
and pediatric pts, treatment with nitazoxa-
nide reduced duration of symptoms (4 days 
versus ≥7 days with placebo). 7 In another 
study in 260 adults and pediatric pts hospi-
talized with influenza-like illness (≥50% 
with pneumonia at presentation), treat-
ment with nitazoxanide did not reduce the 
duration of hospital stay (primary end 
point) or duration of symptoms 7 
  
Randomized, double-blind, placebo-
controlled trial in adults with mild COVID-
19 (Rocco et al; NCT04552483): Total of 
392 outpatients were randomized 1:1 to 
receive nitazoxanide (500 mg 3 times daily) 
or placebo for 5 days; median time from 
symptom onset to first dose was 5 days. 
Percentage of pts experiencing complete 
resolution of symptoms (i.e., dry cough, 
fever, fatigue) at 5 days did not differ be-
tween pts treated with nitazoxanide or 
placebo. Nitazoxanide significantly reduced 
SARS-CoV-2 viral load at 5 days compared 
with placebo. 13 
  
Two randomized, double-blind, placebo-
controlled clinical trials were initiated by 
the manufacturer (Romark) to evaluate 
efficacy and safety for preexposure and 
postexposure prophylaxis of COVID-19 and 
other viral respiratory illnesses in 
healthcare workers and others at increased 
risk of SARS-CoV-2 infection 
(NCT04359680) or postexposure prophylax-
is of COVID-19 and other viral respiratory 
illnesses in elderly residents of long-term 
care facilities (NCT04343248) 8 

Dosages investigated for treatment 
of influenza and influenza-like ill-
ness or being investigated for other 
viral infections: Adults and adoles-
cents (≥12 years of age): 500 or 600 
mg orally twice daily for 5 days 6, 7, 8 
  
Protocols in registered trials evalu-
ating the drug for treatment of 
COVID-19 in adults generally specify 
a nitazoxanide dosage of 500 or 600 
mg two, three, or four times daily for 
5-14 days or 1 g twice daily for 7 or 
14 days 8 
  
Protocol in two ongoing trials spon-
sored by the manufacturer 
(NCT04343248, NCT04359680) evalu-
ating preexposure and/or postexpo-
sure prophylaxis of COVID-19 and 
other viral respiratory illnesses speci-
fies a nitazoxanide dosage of 600 mg 
orally twice daily for 6 weeks in 
adults; 8 another study 
(NCT04435314) specifies a dosage of 
600 mg 3 times daily for 7 days for 
postexposure prophylaxis in adults 8 
  
Another study (NCT04561063) evalu-
ating prophylaxis for prevention of 
symptomatic COVID-19 in healthcare 
workers at high risk of exposure 
specifies a nitazoxanide dosage of 
500 mg every 12 hours for 7 days, 
then 1 g every 12 hours thereafter 8 
  
  
Results of a physiologically based 
pharmacokinetic model predict that 
nitazoxanide dosages of 1200 mg 4 
times daily, 1600 mg 3 times daily, 
and 2900 mg twice daily in the fasted 
state and 700 mg 4 times daily, 900 
mg 3 times daily, and 1400 mg twice 
daily in the fed state are capable of 
maintaining plasma and lung tizoxa-
nide (major metabolite of nitazoxa-
nide) exposures exceeding the EC90 
for SARS-CoV-2 9 
  
 

Initially investigated as a potential treat-
ment for COVID-19 based on its broad 
antiviral activity, including in vitro activi-
ty against SARS-CoV-2 and MERS-CoV; 
1,4,5,14 however, there are no data to 
support the use of nitazoxanide in the 
treatment of COVID-19 
  
While nitazoxanide is one of several 
agents being investigated for postexpo-
sure prophylaxis, 8 NIH COVID-19 Treat-
ment Guidelines Panel recommends 
against the use of any agents for post-
exposure prophylaxis for prevention of 
SARS-CoV-2 infection, except in a clini-
cal trial 11 
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   Nitazoxanide, alone or in combination with 
other drugs, may be included in some 
COVID-19 clinical trials registered at clini-
caltrials.gov 8 

  

Nonsteroidal 
Anti-
inflammatory 
Agents 
(NSAIAs) 
  
Updated 
4/30/21 

28:08.04 
Nonsteroidal 
Anti-
inflammatory 
Agent (NSAIA) 

Ibuprofen: Speculative link 
between ibuprofen and 
increased ACE2 expression, 
which possibly could lead 
to worse outcomes in 
COVID-19 patients 1 
  
Indomethacin: In vitro 
antiviral activity in SARS-
CoV-2 pseudovirus-
infected Vero E6 cells; 7 
also has in vitro activity 
against other coronavirus-
es: SARS-CoV-1 (in Vero E6 
and human pulmonary 
epithelial [A549] cells) and 
canine coronavirus; also 
has in vivo activity against 
canine coronavirus in dogs 
6, 7 (interferes with viral 
RNA synthesis) 6, 8 

Results from large cohort studies have not 
found associations between NSAIA use and 
increased risk of COVID-19 incidence or 
severity. 14-17 
  
In a national registry-based cohort study in 
Denmark, NSAIA use was not associated 
with increased 30-day mortality, hospitali-
zation, ICU admission, mechanical ventila-
tion, or renal replacement therapy in indi-
viduals who tested positive for SARS-CoV-2. 
In this study, of the 9236 individuals who 
had a positive PCR test for SARS-CoV-2, 
2.7% had used NSAIAs (defined as individu-
als having filled a prescription for an NSAIA 
within 30 days prior to a positive SARS-CoV-
2 test) based on national community phar-
macy records. The authors note that in 
Denmark, NSAIAs are available only by 
prescription with the exception of low-dose 
ibuprofen (200 mg) sold over the counter 
(OTC) in packages of no more than 20 tab-
lets, and such OTC purchases of ibuprofen 
constituted 15% of total ibuprofen sales 
and a smaller proportion of total NSAIA 
sales. This definition of NSAIA use was a 
major limitation of the study 14 
  
NSAIA use was not associated with in-
creased incidence of COVID-19 (suspected 
or confirmed) or all-cause mortality in a UK 
database-based study comparing 13,202 
pts with osteoarthritis who were pre-
scribed NSAIAs with 12,457 propensity-
matched pts who were prescribed compar-
ator analgesics (acetaminophen and co-
deine/dihydrocodeine). 16 
  
In addition, 2 other large UK database-
based cohort studies did not find an associ-
ation between NSAIA use and increased 
risk of COVID-19-related death in the gen-
eral population or in pts with rheumatoid 
arthritis or osteoarthritis. These studies 
defined current NSAIA users as individuals 
with a prescription for an NSAIA within 4 
months prior to study entry and compared 
536,423 current NSAIA users with  

  Concerns that anti-inflammatory drugs 
such as ibuprofen may worsen COVID-
19 circulated widely in the early months 
of the pandemic. 5, 12, 14 These reports 
were based largely on a letter published 
in The Lancet Respir Med stating  that 
increased expression of ACE2 could 
facilitate infection with COVID-19 and 
that ibuprofen can increase ACE2. 1, 4  In 
addition, there were unconfirmed re-
ports of younger, healthy patients who 
had used ibuprofen to treat early symp-
toms of COVID-19 and later experienced 
severe outcomes. 10, 12, 14 
  
A statement attributed to the WHO 
recommending paracetamol and avoid-
ing ibuprofen as a self-medication was 
widely circulated in the media; howev-
er, such a position by the WHO has not 
been substantiated.  WHO subsequently 
performed a rapid review of the litera-
ture and concluded that there was no 
evidence at that time of severe adverse 
events or effects on acute health care 
utilization, long-term survival, or quality 
of life in patients with COVID-19 as a 
result of the use of NSAIAs. 9 
  
FDA has stated that it is not aware of 
scientific evidence connecting the use of 
NSAIAs, such as ibuprofen, with worsen-
ing COVID-19 symptoms and will com-
municate publicly when more infor-
mation is available. FDA also noted that 
all prescription NSAIA labels warn that 
by reducing inflammation, and possibly 
fever, these drugs may diminish the 
utility of diagnostic signs in detecting 
infections.11 
  
Although there currently is no compel-
ling evidence to support an association 
between ibuprofen and negative out-
comes in patients with COVID-19, some 
experts have recommended preferen-
tially using acetaminophen for treat-
ment of fever 2, 3, 4, 10 
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   1,927,284 NSAIA nonusers from the gen-
eral population; among pts with rheuma-
toid arthritis or osteoarthritis, 175,495 
current NSAIA users were compared with 
1,533,286 NSAIA nonusers. In multivariate 
analyses, an increased risk of COVID-19-
related death was not observed in NSAIA 
users. 17 
  
Ibuprofen: In a retrospective cohort study 
of 403 hospitalized patients with COVID-19 
at a single center in Israel, use of ibuprofen 
(1 week prior to diagnosis or during the 
course of disease) was not associated with 
increased mortality or the need for respira-
tory support compared with acetamino-
phen or no antipyretic drug. 15 
  
Indomethacin: In vitro studies and animal 
models only; 6, 7  currently no published 
studies evaluating use specifically in COVID-
19 patients 
  

 ** NIH COVID-19 Treatment Guidelines 
Panel states that patients who are re-
ceiving NSAIAs for an underlying medi-
cal condition should not discontinue 
such therapy unless discontinuation is 
otherwise warranted by their clinical 
condition; the panel also states that 
antipyretic strategy (e.g., use of aceta-
minophen or NSAIAs) in patients with 
COVID-19 should remain similar to the 
approaches used in other patients. 5 
  
The Surviving Sepsis Campaign COVID-
19 guidelines state that, for critically ill 
adults with COVID-19 who develop fe-
ver, use of acetaminophen over no 
treatment for fever control is suggested 
(weak recommendation) 2 
  
IDSA makes no specific recommenda-
tion for or against the use of NSAIAs in 
patients with COVID-19 12 
  
Indomethacin: Additional data needed 
to determine whether in vitro activity 
against SARS-CoV-2 corresponds with 
clinical efficacy in the treatment of 
COVID-19 

Thrombolytic 
Agents (t-PA 
[alteplase], 
tenecteplase) 
  
Updated 
3/25/21 

20:12.20 
Thrombolytic 
agents 

A consistent finding in 
patients with severe COVID
-19 is a hypercoagulable 
state, which has been 
shown to contribute to 
poor outcomes (e.g., pro-
gressive respiratory failure, 
acute respiratory distress 
syndrome [ARDS], death). 1-

3, 5-9, 14, 16, 18, 19 
Coagulation abnormalities 
observed include pro-
thrombotic disseminated 
intravascular coagulation 
(DIC), elevated D-dimer 
levels, high fibrinogen lev-
els, and microvascular and 
macrovascular thrombosis. 

1, 2, 5-10, 13, 14, 16 
 A consistent finding in 
patients with ARDS 
(regardless of the cause) is 
fibrin deposition and mi-
crothrombi formation in 
the alveoli and pulmonary 
vasculature. 1, 11, 14 

Results of a small phase 1 study suggested 
possible benefit of plasminogen activators 
in the treatment of ARDS.1-3   In this study, 
20 patients with ARDS secondary to trauma 
and/or sepsis who failed to respond to 
standard ventilator therapy and were not 
expected to survive were treated with uro-
kinase or streptokinase; such therapy im-
proved PaO2 and also appeared to improve 
survival. 1-3 
There is some evidence suggesting that t-
PA (alteplase) may decrease dead-space 
ventilation in patients with COVID-19-
associated ARDS, but whether this leads to 
improved clinical outcomes is not known. 27, 

28 
Various case reports or case series describ-
ing the use of t-PA in severe COVID-19 pa-
tients have been published. 20, 21, 24, 28-30, 31  
In one case series of 5 COVID-19 patients 
who had severe hypoxemia, declining res-
piratory status, and increasing oxygen re-
quirements, administration of t-PA 
(alteplase) at an initial IV bolus dose of 25 
mg over 2 hours followed by a continuous  

t-PA (alteplase): Various IV dosage 
regimens of t-PA (alteplase) are be-
ing evaluated in patients with COVID-
19;  the optimum dose, route of ad-
ministration, and duration of treat-
ment remain to be determined. 1, 9, 12, 

14, 20 
  
Tenecteplase: A low-dose IV bolus of 
tenecteplase (0.25 mg/kg or 0.5 mg/
kg) is being evaluated in the regis-
tered NCT04505592 trial. 12 
  

t-PA has been proposed as a salvage 
treatment for COVID-19 patients (e.g., 
those with decompensating respiratory 
function who are not responding to or 
do not have access to mechanical venti-
lation or extracorporeal membrane 
oxygenation [ECMO]). 1 , 13, 14, 22, 29 
  
Several institutions (e.g., Beth Israel 
Deaconess, University of Colorado, Den-
ver Health) are currently testing this 
approach with t-PA (alteplase). 2, 12  Pre-
liminary findings from the first few cas-
es reported an initial, but transient im-
provement in PaO2/FiO2 (P/F) ratio. 9 
  
The NIH COVID-19 Treatment Guide-
lines Panel states that current data are 
insufficient to recommend for or against 
the use of thrombolytic agents in hospi-
talized COVID-19 patients outside the 
setting of a clinical trial; patients who 
develop catheter thrombosis or other 
indications for thrombolytic therapy 
should be treated according to the usual  
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  Many patients are found to 
have increased dead-space 
ventilation, a clinical fea-
ture of pulmonary embo-
lism and diffuse pulmonary 
microemboli. 27, 28 
  
Dysregulation of the 
clotting system in ARDS is a 
result of both enhanced 
activation of coagulation 
and suppression of fibrinol-
ysis. 12, 19 
  
Fibrinolysis shutdown, as 
evidenced by complete 
failure of clot lysis on 
thromboelastography, has 
been observed in critically 
ill patients with COVID-
19.23 
  
Thrombolytic therapy may 
restore microvascular pa-
tency and limit progression 
of ARDS in patients with 
COVID-19 1, 14, 19, 22 
  

IV infusion of 25 mg over the next 22 hours 
appeared to improve oxygen requirements 
in all patients and prevent progression to 
mechanical ventilation in 3 of the patients. 

20 
  
In another case series, t-PA (doses varied) 
was administered concomitantly with hep-
arin anticoagulation in 5 critically ill me-
chanically ventilated COVID-19 patients 
with apparent thrombotic coagulopathy 
and ARDS. Although respiratory status in all 
5 patients improved following t-PA admin-
istration, sustained improvement was ob-
served in only 3 of the patients. 29 
  
Other case reports or case series have de-
scribed the use of t-PA in COVID-19 pa-
tients with severe respiratory failure or 
ARDS who were rapidly deteriorating and 
were either already on mechanical ventila-
tion or likely to require intubation.  Follow-
ing IV infusion of t-PA (dosages varied), the 
majority of patients responded with rapid 
improvement in oxygenation. 21, 24, 28, 30 
  
In these case reports, multiple confounding 
factors (including the use of various other 
treatments) were present, limiting inter-
pretation of findings. 21, 24, 28, 29 
  
Several randomized controlled studies 
(NCT04357730, NCT04640194) evaluating 
IV alteplase in patients with ARDS due to 
COVID-19 are registered at clnicaltrials.gov. 
12 
  
An open-label, nonrandomized pilot study 
(NCT04356833) is being conducted to eval-
uate an inhaled formulation of t-PA (via 
nebulization) in patients with ARDS due to 
COVID-19; 12 the inhaled formulation of t-
PA is investigational at this time 15 
  
Several randomized, double-blind, placebo-
controlled trials evaluating low-dose IV 
bolus tenecteplase in conjunction with 
anticoagulation for the treatment of COVID
-19-associated respiratory failure are regis-
tered at clinicaltrials.gov.12 

 standard of care in patients without 
COVID-19. 17 
  
The CHEST guideline for the prevention, 
diagnosis, and treatment of VTE in pa-
tients with COVID-19 states that there is 
a lack of evidence regarding use of 
thrombolytic therapies in critically ill 
patients with COVID-19 without objec-
tive evidence of VTE or VTE-associated 
hypotension; based on indirect evi-
dence from other populations, the ex-
pert panel recommends against the use 
of thrombolytic therapy in COVID-19 
patients without objectively confirmed 
PE and PE-induced hypotension. 25 
  
The Anticoagulation Forum recom-
mends against the use of thrombolytic 
agents in COVID-19 patients outside the 
setting of a clinical trial unless there is 
another clinical indication (e.g., STEMI, 
acute ischemic stroke, high-risk 
[massive] PE with hemodynamic com-
promise); in general, thrombolytic ther-
apy is not recommended in the vast 
majority of patients with PE given lim-
ited efficacy data in patients who are 
hemodynamically stable. 26 
  
The American Society of Hematology 
states that treatment of the underlying 
pathology is paramount in COVID-19 
patients with coagulopathies; standard 
risk factors for bleeding should be con-
sidered. 8 

a See US prescribing information for additional information on dosage and administration of drugs commercially available in the US for other labeled indications. 
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