
OSE-OND: HCQ and CQ in setting of COVID-19 Safety Surveillance 
Agenda 

Meeting Date: April 14, 2020, 12:30 PM – 2PM 
 

Purpose of meeting:  
• OSE OND meeting to discuss safety signals or summary data regarding AEs associated with 

hydroxychloroquine/chloroquine in the setting of COVID-19.   
• To discuss public safety communication and consideration for content.   
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Agenda Items: 
1 Introduction and General Housekeeping (Saharat) – 2 minutes   
2 Discuss meeting goals (Neha) - 3 minutes 
3 DPV (Ida-Lina, Rachna, Kim, and Kate) – 20 minutes  

I. Literature and FAERS- 10 minutes  
II. National Poison Data System (NPDS) – 5 minutes 

i. Methemoglobinemia cases (Keith Burkhart) 
III. Questions – 5 minutes  

4 Drug Utilization – 20 minutes 
I. Concurrency data  

i. Sentinel and TriNetX (Danijela Stojanovic) – 10 minutes   
ii. CMS/VA (Dave Graham) – 5 minutes 

II. Questions – 5 minutes 
5 IND Safety Reporting (Poonam Mishra and Elizabeth O’Shaughnessy) – 10 minutes  

I. Questions 
6 DMEPA (Jo Wyeth, Celeste Karpow, Rapid Response Team) - 5 minutes  

I. ISMP and FAERS reports 
II. Potential for compounded HCQ 

III. Questions 
7 DEPI (Natasha Pratt) – brief update – 5 minutes  

I. Observational data screening 
II. Questions  

8 DSC (All) – 20 minutes  
I. What content is “in” for DSC? 

9 Administrative (Saharat and Neha) - 5 minutes  
I. OSE RCM # 2020-701 

II. TSI # 2150 – opened 4/14/2020 (DAI) 
III. Meeting frequency 

    
Action Item(s) Responsible Parties Status  
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DPV summary of adverse event cases from all sources (FAERS, literature, NPDS, ISMP, IND safety 
reports) -data through 4/12/20 

HCQ or CQ FATAL CASES (n=16) 

• 15 death cases for HCQ (7 HCQ alone, 1 HCQ+LPV/r, 6 HCQ+azithro, 1 HCQ+azithro+LPV/r), 1 for 
CQ 

HCQ alone (7 cases): 

FAERS 17611030 – HCQ only (but also on other QT prolonging meds amiodarone and sertraline) – SOC 
cardiac disorders, AE QT prolongation (prelim cause of death viral pneumonia from COVID19): From 
US, 61 yo M received two doses of hydroxychloroquine and died the next day. Pharmacist reporter 
stated "COVID patient QTc of 624 from 541" (dates of EKGs not known). Prelim cause of death viral 
pneumonia from COVID19. 

FAERS 17605416 – HCQ only – SOC cardiac disorders, renal and urinary disorders, metabolism and 
nutrition disorders, AE cardiac arrest, ventricular tachycardia, hyperkalemia, hypermagnesemia, renal 
failure: From US, 41 yo M with no PMH admitted with COVID19 and intubated, in ARDS and renal 
failure. Received 5 days of hydroxychloroquine (200 mg TID), ceftriaxone and doxycycline for 7 days. 
Baseline EKG before hydroxychloroquine with 472 (?QTc); on the day after his last dose of 
hydroxychloroquine he went into VTach, PEA arrest and was unable to be resuscitated. K on last day of 
hydroxychloroquine was 5.6, magnesium 3.2. 
 
FAERS 17653880 – HCQ only – SOC cardiac disorders, AE cardiac arrest: From France, 70 y/o male 
receiving HCQ, ceftriaxone and oseltamivir for coronavirus experienced cardiac arrest/death on day 2 of 
HCQ, and day 3 of ceftriaxone and oseltamivir. 
 
NPDS 240373362020 – HCQ only – SOC Blood and lymphatic system disorders, AE methemoglobinemia 
(died after being placed on comfort measures): From US, 54 yo M with h/o DM2, intubated for hypoxia, 
given Plaquenil 400 mg x 2, MetHb 11.9% the next day, HCQ was held, no noticeable change in blood 
pressure or oxygenation after methylene blue. Met hemoglobin fell to 9%. Patient did not receive 
additional methylene blue or HCQ. Developed renal failure, decision was made for comfort measures, 
patient died. 

NPDS 23961183222020 – HCQ only – SOC Blood and lymphatic system disorders, AE 
methemoglobinemia (cause of death COVID-19 respiratory failure with multisystem organ failure, 
including septic shock, refractory metabolic acidosis, acute renal failure, anemia, cholecystitis): From 
US, 67 yo M with COVID-19, intubated x 5 days, given hydroxychloroquine 200 mg TID x 5 doses, MetHb 
(9%). On follow up, did not get methylene blue (level did not warrant this). EKG with QTc 480. Patient 
died. 

IND 149141 – HCQ only –  
. 

IND 149141 – HCQ only –  
. 

 

(b) (4)

(b) (4)
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HCQ + LPV/r (1 case): 

FAERS 17581834 – HCQ + LPV/r – SOC respiratory disorders, AE respiratory failure: From Spain, 80 yo M 
admitted with fever, chills, general discomfort and progressive dyspnea that began 4 days ago on 
vacation. Patient started on lopinavir/ritonavir, hydroxychloroquine, and interferon beta-1b and 
developed respiratory failure and death on 6th day of admission. 

 

HCQ+azithro (6 cases): 

FAERS Cases 17644417, 17646286, 17646292 - SOC cardiac disorders, AE ventricular fibrillation, sudden 
death: From US, 3 cases of ventricular fibrillation and sudden death (awaiting additional information) 
 
FAERS Case 17605425 - SOC cardiac disorders, AE QT prolongation (cause of death not specified to be a 
cardiac cause, died 4 days after reported prolonged QTc): From US, 87 yo M with h/o CAD, HTN, CKD 
stage III (CrCl 12 mL/min) c/o urinary symptoms and mild cough, COVID test was positive. He was given 
vancomycin, meropenem and started on hydroxychloroquine. QTc prior to HQ was normal (397) then 
increased to 468 four days after starting HQ. He did not receive HQ on the day of the QTc 468 but 
received a dose the next day before it was stopped. He received one dose of azithromycin, this was on 
the day of the QTc 468. No treatment of prolonged QT in the chart. No further discussion of clinical 
course until report that patient expired seven days after starting HQ and three days after the last dose 
was given.   
 
FAERS 17649456 - AE death: From US, 65 y/o female tested positive for COVID-19 and was treated with 
Hydroxychloroquine, azithromycin, oseltamivir, piperacillin/tazobactam, ceftriaxone and expired the 
following day. 
 
IND Case 149141 -  

 
  

 
HCQ+azithro+LPV/r (1 case): 
 
FAERS 17653955 - AE death: 75 y/o male with coronavirus started on azithromycin, levofloxacin, HCQ, 
and lopinavir/ritonavir. Pt received five days of azithromycin, one day of LPV/r, 3 days of HCQ, and 4 
days of Levaquin. Patient died on day 7. 
 
 
CQ alone (1 case): 

NPDS-21586793322020 – SOC Cardiac disorders, metabolism and nutrition disorders, Respiratory 
disorder, Nervous system disorders, AE QT prolongation, QRS complex widened, seizure, dyspnea, 
diarrhea, wide complex bradycardia, V tachycardia, cardiac arrest - 68 y/o male ingested aquarium 
product containing chloroquine phosphate in attempt to prevent COVID-19. He developed diarrhea, 
decreased responsiveness and dyspnea 90 min after ingesting CQ. He developed a widened QRS 
complex, V, tachycardia, QT prolongation, wide complex bradycardia, seizure, and cardiac arrest 

  

(b) (4)
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HCQ or CQ + AZITHROMYCIN NONFATAL CARDIAC TOXICITIES 

• 9 cases with non-fatal AEs in SOC Cardiac Disorders (8 HCQ, 1 CQ) 

QT Prolongation (7 nonfatal cases: 6 HCQ, 1 CQ) [Labeled] 

HCQ: 
 
FAERS 17618200 (HCQ+azithro+LPV/r): From Italy, 57 y/o male on lopinavir/ritonavir, 
hydroxychloroquine, and azithromycin for coronavirus. Patient experienced QT prolongation on day 2 of 
hydroxychloroquine. No other information provided. 
 
FAERS 17611066 (HCQ+azithro, also on tacrolimus): From US, 76 yo F, COVID 19 patient, received 
HQ/azithromycin as part of COVID tx, QTc prolonged to 577 "a few days" after last doses; tacrolimus 
level also went to >60; CrCl 24.7 ml/min. Outcome unknown. 
 
FAERS 17623040 (HCQ+azithro): From US, 78 yo M 1 day after stopping HQ/azithromycin and 5 days 
after starting these meds, QTc increased from 422 to 479. No treatment or follow up EKG reported. 
 
FAERS 17656876, ISMP Article (HCQ+azithro – azithro dc’d before starting HCQ): From US, 70 y/o female 
initially started on azithromycin and ceftriaxone for CAP, tested positive for COVID-19. One day after 
azithromycin and ceftriaxone were discontinued, the patient was started on HCQ (400 mg orally BID on 
day 1, followed by 400 mg orally QD for 4 days). On admission to hospital, the patient’s ECG showed 
QTcB interval of 460 ms. The day HCQ was started, the patient’s ECG showed a QTcB of 490 ms. Three 
days later, the QTcB was 515 ms. On the fifth and last day of HCQ, the patient experienced ventricular 
fibrillation and coded. After two cycles of CPR, a return of spontaneous circulation was achieved. An ECG 
performed afterwards showed a QTcB of 605 ms, and all QTc prolonging medications were discontinued. 
Initially the patient was not responding neurologically. However, after undergoing targeted temperature 
management post-arrest, the patient now appears to be responding and is expected to recover with 
good neurological function. This case also reported ventricular fibrillation.  
 
NPDS 256993362020 (HCQ+azithro): 83 yo F husband critically ill COVID-19. Pt with lung infiltrates 
started on HQ and AZ. Pt with SIADH (Na110, K2.0). QTc 550 ms. K repletion (Mg low NML unknown if 
given) and QTc corrected to 387 ms. Not sure what etiology of SIADH was but low K major contribution 
to prolonged QTc. 
 
FAERS 17651582 (HCQ+azithro, also on amiodarone): From US, 79 y/o male treated with HCQ and 
azithromycin for COVID-19. Patient was also on amiodarone prior to admission and continued on 
admission. Drug-Drug interaction occurred leading to QTc prolongation. Baseline QTc was 480 msec. On 
Day 3 of treatment, QTc was 510 ms and HCQ and azithromycin were discontinued. 
 
CQ: 

FAERS 17620078 (CQ+azithro+LPV/r): From Spain, patient hospitalized with pneumonia, was given 
ceftriaxone, azithromycin with chloroquine and LPV/r, withdrawn due to QT distance, recovered from 
flu-like symptoms, was discharged. Updated version on 4/10 clarifies QT prolongation. 
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Ventricular fibrillation, Ventricular tachycardia, Wide complex tachycardia (2 nonfatal cases, 2 HCQ) 
[Labeled] 

HCQ: 
 
FAERS 17605439 (HCQ+azithro): From US, 85 yo M with wide complex tachycardia after starting 
Plaquenil and azithromycin for COVID, both meds listed as dc'd but no outcome listed. Report mentions 
another patient with same AE with this medication combination but no age listed for this patient. 
 
FAERS 17655678 (HCQ+azithro): From France, 80 y/o female with coronavirus started on azithromycin, 
HCQ, and Zosyn and developed ventricular tachycardia and hypokalemia on day 7 of treatment. 
Azithromycin and HCQ were discontinued and AEs resolved. 
 

OTHER CONCERNING AEs FOR HCQ+AZITHRO 

• Metabolism and nutrition disorders 
o SIADH (hypokalemia/hyponatremia) [unlabeled] 

 NPDS 256993362020 (see above) 
• Immune system disorders 

o Oropharyngeal edema [unlabeled] 
 NPDS 10424073092020 – From US, 51 yo F given HCQ and azithromycin for 

COVID-19, developed nausea, HA, oropharyngeal edema, stopped meds and this 
resolved 

• Vascular disorders 
o DVT, possible PE [unlabeled] 

 FAERS 17647345 - Phase 2/3 study of efficacy and safety of sarilumab for 
hospitalized patients with COVID-19. 57 yo M with h/o preDM2, obesity, EtOH 
use, treated with HCQ and azithromycin, sarilumab. 4 days after sarilumab, 9 
days after HCQ, 10 days after azithromycin (not still taking any of these 
medications at the time of occurrence), had DVT and possible PE, was started on 
Lovenox, patient had not recovered. 

  

HCQ + azithromycin 

29 cases of HCQ+azithro from FAERS, INDs, NPDS, Literature 

• 4  with HCQ+azithro+LPV/r, 25 with HCQ+azithro 
• 20 from US 
• 21 involve an AE 
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COVID-19 Response: Assessment of 
Hydroxychloroquine and Azithromycin 
within the TriNetX Network

Initial Findings

April 14, 2020
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Study Motivation and Regulatory Setting

• Three fatal FAERS cases with ventricular fibrillation and sudden death 
after treatment with hydroxychloroquine (HCQ) and azithromycin 
(AZM)

• Drug Use + Sentinel team contacted on Friday, 4/11 to assess co-
administration/co-prescribing of HCQ and AZM in available data 
sources
– TriNetX

• Research question: Among all COVID-19 patients, how many are co-
prescribed/administered HCQ-AZM (+/- 1 day is primary definition)? 

www.fda.gov FDACDER000062



3Sentinel Initiative   | 

Overview of TriNetX Data
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4Sentinel Initiative   | 

How It Works
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6Sentinel Initiative   | 

COVID-19 Cohort Demographics: Age, Sex, Race, and Ethnicity
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7Sentinel Initiative   | 

COVID-19 Cohort Demographics: Top Prior Diagnoses
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8Sentinel Initiative   | 

COVID-19 Cohort Demographics: Top Prior Medications

www.fda.gov FDACDER000068



9Sentinel Initiative   | 

COVID-19 + HCQ/AZM Query Logic

Identify all COVID-19 patients on or 
after January 20, 2020 

Require evidence of HCQ on or after 
January 20, 2020 AND evidence of 
AZM us with 1 day (+/-) of HCQ

Require the HCQ/AZM exposure to 
be AFTER the COVID-19 diagnosis 
date

www.fda.gov FDACDER000069
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11Sentinel Initiative   | 

COVID-19 + HCQ/AZM Attrition Tables
Start with 86 million 
patients at 61 HCOS

5,370 meet COVID-19 
criteria at 40 HCOs

210 meet HCQ/AZM 
use criteria at 18 HCOs

180 have HCQ/AZM 
after COVID-19 index 
date at 17 HCOs

www.fda.gov FDACDER000071



12Sentinel Initiative   | 

COVID-19 + HCQ/AZM Attrition Tables

Removing the requirement 
that HCQ/AZM must occur 
after the COVID-19 index 
date increases sample by 
17% to 210 patients

www.fda.gov FDACDER000072



13Sentinel Initiative   | 

COVID-19 + HCQ/AZM Demographics: Age, Sex, Race, and 
Ethnicity
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14Sentinel Initiative   | 

COVID-19 + HCQ/AZM Demographics: Top Prior Diagnoses

www.fda.gov FDACDER000074



15Sentinel Initiative   | 

COVID-19 + HCQ/AZM Demographics: Top Prior Medications

www.fda.gov FDACDER000075



16Sentinel Initiative   | 

COVID-19 + HCQ/AZM Demographics: CDC Definition
Using the more stringent 
CDC COVID-19 definition 
identified 120 COVID-19 + 
HCQ/AZM patient out of 
1,970 total COVID-19 
patients

www.fda.gov FDACDER000076



17Sentinel Initiative   | 

Summary and Next Steps

• Among 5,370 COVID-19 patients in TriNetX, 180 patients were co-
prescribed/co-administered HCQ-AZM (broad definition)
• Majority of these patients were captured in March
• Counts will increase as HCOs refresh their data
• Data doesn’t include all 50 states

• Next steps
• Inpatient vs. outpatient setting
• Co-administration/co-prescribing (not limited to COVID-19 cohort)

FDACDER000077
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Hydroxychloroquine and azithromycin use 
in fee-for-service Medicare

plus preliminary data from the VA

Office of Surveillance and Epidemiology
April 14, 2020

1
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Methods

• Medicare beneficiaries enrolled in Parts A, B, D
• Rx claims through April 2, 2020

• New users (incidence) required to have 183 
days prior enrollment as an unexposed look-
back period

• All users (prevalence) required to be enrolled 
on the Rx date

• Concurrent use of HCQ and AZ defined as same-
day Rxs, or AZ within ± 1, 3, or 7 days of HCQ

• Data from Mar 22-April 2 incomplete due to 
claims lag
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Number of new hydroxychloroquine users, by week,
through April 2, 2020
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Weekly number of new (incident) hydroxychloroquine 
and concurrent azithromycin users, 

through April 2, 2020
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Percentage of new users of hydroxychloroquine with 
concurrent prescription for azithromycin, by week, 

through April 2, 2020
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Summary

• Low background use of HCQ in 2019 through early 
March 2020 (most with diagnosis of RA or SLE)

• Concurrent AZ use generally < 2% among new HCQ 
users in 2019 through early March 2020

• New HCQ use spiked during the week beginning March 
15, 2020 as did use of concurrent AZ, with slight uptick 
in both during week beginning March 8

• From the week beginning March 15, 2020, the 
percentage of new users of HCQ with concurrent AZ 
ranged from 15%-24% using a “same-day” definition, 
to 27%-34% using a “within 7 days” definition of 
concurrency

• Absolute counts will increase once claims lag is 
accounted for

FDACDER000085



FDACDER000086



FDACDER000087



ISMP (Institute for Safe Medication Practice)  
• ISMP is issuing weekly special edition newsletters related to COVID-19 to highlight what’s going 

on in the front line and provide links to FDA & CDC information.  ISMP is well networked, with 
readership in the millions.  

• Last week, ISMP wrote about a 70-year old female who experienced cardiac arrest on day 5 of 
taking hydroxychloroquine. The patient was previously on ceftriaxone and azithromycin, which 
were discontinued before starting hydroxychloroquine. Even though the patient did not receive 
azithromycin and hydroxychloroquine concomitantly, it was suspected that azithromycin was 
still at or near a therapeutic concentration when the patient started receiving 
hydroxychloroquine. The patient is expected to recover (addressed in attached ISMP Acute Care 
Newsletter, Safety Alert.) 

FAERS Cases 
• No hydroxychloroquine or chloroquine medication error reports received last week 
• Our COVID-19 surveillance identified medication errors related to stay at home orders, 

including: 
o Missed doses and delayed therapy related to clinic closures 
o Pediatric exposures with kids staying at home (addressed in attached ISMP Consumer 

Newsletter, Safe Medicine.) 
o Extra dose or doses greater than recommended (e.g., Combivent 8 puffs daily) 
o Incorrect route (Flolan administered via nebulizer) 

Potential for compounded hydroxychloroquine and chloroquine 
• Compliance’s Compounding Branch anticipate 503B outsourcing facilities may market tablets, 

oral solutions, and injections.  
 

FDACDER000088
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Signatory Authority: OND SRPM

TSI Classification Memo

Memorandum: TSI Classification
Division of Anti-Infective Products

Office of Infectious Diseases 

Date of Memorandum: 04/10/2020
Safety Issue Name: Risk of cardiac toxicity with hydroxychloroquine (or chloroquine) 
with or without azithromycin when used for the treatment of coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection.
Tracked Safety Issue Number: 2150
Responsible Organization: Division of Anti-infectives
Safety Cross Discipline Team Leader: Elizabeth O’Shaughnessy, MD
(Safety CDTL)

Initial classification category Emergency □ Priority X Standard □
(Category identified when TSI was created)
Most recent classification category Emergency □ Priority □ Standard □
New classification category Emergency □ Priority □ Standard □

Relevant classification factors (check all that apply):

Hazard assessment:
X Relative seriousness of the safety issue
□ Estimated size of the population exposed to the risk of the drug
□ Suspected frequency of harm to patients exposed to risk from the drug

Modulating factors:
□ Context of use – availability and risk profiles of therapeutic alternatives
X Context of use – Risks posed to vulnerable populations
X Context of use – Clinical setting in which the drug is used
□ Quality of the data suggesting the risk
X Biologic plausibility

Briefly describe the basis for the new TSI classification category, specifying
how the classification factors were applied:

The safety issue is the potential risk of cardiac toxicity, i.e., QTc prolongation or other 
cardiac conduction disorders, cardiomyopathy, and cardiac death, associated with the 
combination of hydroxychloroquine (or chloroquine) plus azithromycin or 
hydroxychloroquine (or chloroquine) monotherapy for the investigational treatment of 
patients with COVID-19 caused by SARS-CoV-2 infection.

Reference ID: 4591673 FDACDER000097



Signatory Authority: OND SRPM

Hydroxychloroquine plus azithromycin or hydroxychloroquine monotherapy are being 
used worldwide among many investigational treatments for COVID-19. The magnitude 
of the effect of the combination of these drugs on QT interval or arrhythmia risk has not 
been well studied and the optimal dosing and duration of treatment for COVID-19 is 
unknown. Hydroxychloroquine and chloroquine appear to be relatively safe when used 
as monotherapy at the recommended doses for labeled indications in autoimmune 
disorders (lupus erythematosus and rheumatoid arthritis) and malaria; however, in those 
studies of COVID-19 that have reported more detailed results, hydroxychloroquine was 
proposed at higher doses than used in the treatment of autoimmune disorders and with 
azithromycin.1

In a large meta-analysis of users of hydroxychloroquine, short-term hydroxychloroquine 
treatment was considered relatively safe, but an increased risk of 30-day cardiovascular 
mortality was observed when azithromycin was added to hydroxychloroquine.2 

QTc prolongation and other cardiac adverse effects in patients with COVID-19 treated 
with hydroxychloroquine plus azithromycin have been recently reported in the medical 
literature.  Increases in the QT interval was reported in 84 patients with COVID-19 
treated with hydroxychloroquine plus azithromycin at a single center in the US.3  In 11% 
of these patients, the QTc increased to >500ms which is a known risk for arrhythmia 
and sudden cardiac death. There were no episodes of torsades de pointes or cardiac 
arrest. The development of acute renal failure, not baseline QTc, was reported as a 
strong predictor of QTc prolongation in the patients in the study. 

A French pharmacovigilance database reported 43 cases of cardiac adverse effects in 
patients treated with hydroxychloroquine alone or in combination (in particular with 
azithromycin) for COVID-19.4 

1 Gautret P, Lagier JC, Parola P, et al. Hydroxychloroquine and Azithromycin as a treatment of COVID-19: 
preliminary results of an open-label non-randomized clinical trial. Int J Antimicrob Agents. 2020 Mar 20:105949. 
doi: 10.1016/j.ijantimicag.2020.105949. 
2 Jennifer C.E. Lane, James Weaver, Kristin Kostka, et al.  Safety of hydroxychloroquine, alone and in combination 
with azithromycin, in light of rapid wide-spread use for COVID-19: a multinational, network cohort and self-
controlled case series study. medRxiv (preprint, not peer reviewed), April 10, 2020; 
https://doi.org/10.1101/2020.04.08.20054551
3 Chorin E, Dai M, Shulman E, et al. The QT Interval in Patients with SARS-CoV-2 Infection Treated with
Hydroxychloroquine/Azithromycin. medRxiv (preprint, not peer reviewed), April 3, 2020; 
https://doi.org/10.1101/2020.04.02.20047050
4 Agence Nationale de Sécurité du Médicament et des Produits de Santé. Medicines used in patients with COVID-
19: enhanced surveillance for adverse effects – Information Point. Press Release April 10, 2020
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Signatory Authority: OND SRPM

Ventricular fibrillation and non-fatal cardiac arrest associated with QTc prolongation was 
reported in an elderly patient with multiple comorbidities who received 
hydroxychloroquine and azithromycin for COVID-19.5   

The number of patients being treated with hydroxychloroquine plus azithromycin or 
hydroxychloroquine monotherapy is likely to increase as COVID-19 cases increase 
worldwide. Patients with comorbidities such cardiac disease and renal insufficiency are 
likely to be at increased risk of cardiac adverse effects of hydroxychloroquine (or 
chloroquine) plus azithromycin or hydroxychloroquine (or chloroquine) alone. 

There is biological plausibility for a cardiac safety risk as hydroxychloroquine (or 
chloroquine) and azithromycin are independently associated with QT interval 
prolongation, torsades de pointes, and sudden cardiac death. Life-threatening and fatal 
cardiomyopathy are associated with hydroxychloroquine (or chloroquine). Cardiac 
adverse effects, including QT prolongation and cardiomyopathy is in the Warnings 
section of the labeling for hydroxycholoroquine (and chloroquine), and QT prolongation 
is in the Warnings and Precautions of the labeling for azithromycin.

The cardiac safety of hydroxychloroquine (or chloroquine) plus azithromycin or 
hydroxychloroquine (or chloroquine) monotherapy in patients with COVID-19 warrants 
ongoing monitoring and will be evaluated in collaboration with the Office of Surveillance 
and Epidemiology (OSE). The Division of Anti-Virals (DAV) and the Division of 
Rheumatology and Transplant Medicine (DRTM) collaborated with the Division of Anti-
Infectives (DAI) in opening this TSI. 

5  ISMP Medication Safety Alert. April 9, 2020, Volume 25, Issue 7.
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DPV Surveillance Activities
• FAERS: Daily monitoring for cases of adverse events associated 

with any product reportedly used for the prevention or 
treatment of COVID-19
– Additional daily query specifically for HCQ and CQ

• Literature: Daily review of Embase Alerts for specific products 
and weekly review of PubMed Early alerts for COVID-19 and 
safety related (non-case report) articles

• NPDS: Daily surveillance query for any exposure calls related to 
HCQ and CQ

• CureID: Daily monitoring for relevant COVID-19 related case 
reports or literature
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Most Frequently Reported PTs in FAERS
Event-Preferred Terms(PTs) Percent of Total
OFF LABEL USE 30.0
ELECTROCARDIOGRAM QT PROLONGED 14.7
HEPATITIS 10.7
CORONA VIRUS INFECTION 7.3
CONDITION AGGRAVATED 6.7
HEPATOCELLULAR INJURY 5.3
SUDDEN DEATH 5.3
ACUTE KIDNEY INJURY 4.7
ACUTE RESPIRATORY DISTRESS SYNDROME 4.7
DRUG INTERACTION 4.0
RESPIRATORY FAILURE 4.0
TRANSAMINASES INCREASED 4.0
CARDIAC ARREST 3.3
DIARRHOEA 3.3
HAEMOGLOBIN DECREASED 3.3
HEPATITIS ACUTE 3.3
MALAISE 3.3
PNEUMONIA 3.3
VENTRICULAR TACHYCARDIA 3.3
ACUTE RESPIRATORY FAILURE 2.7
ALANINE AMINOTRANSFERASE INCREASED 2.7
CORONAVIRUS TEST POSITIVE 2.7
DYSPNOEA 2.7
MULTIPLE ORGAN DYSFUNCTION SYNDROME 2.7
OXYGEN SATURATION DECREASED 2.7
PRODUCT USE IN UNAPPROVED INDICATION 2.7
PULMONARY EMBOLISM 2.7
VENTRICULAR FIBRILLATION 2.7

• Majority of PTs are either:
– Known and labeled events for HCQ/CQ 

and/or primary concomitant 
medications (azithromycin, 
lopinavir/ritonavir)

• Cardiac-related terms
• Hepatic-related terms  

– Known effects of COVID-19
• Respiratory-related terms
• Hepatic-related terms
• Pulmonary embolism

• PTs are consistent with the AEs 
reported in cases from other data 
sources (literature, NPDS) 
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HCQ/CQ Case Report Trends in Setting of COVID-19

• Majority of reported SAEs consistent with known safety profile 
for HCQ/CQ or known effects of COVID-19

• Majority of cases report use for treatment
• HCQ/CQ dosage appears consistent with FDA approved dosing 

for approved indications
• Cases for both all SAEs and cardiac SAEs report concomitant QT 

prolonging drugs with high frequency 

www.fda.gov FDACDER000109
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Observational data streams: Comparative HCQ 
treatment outcome results 

• Preliminary analyses shared with FDA 
– NY State data

• Publications using observational data
– NEJM by Ip et al. (Hackensack Meridian Health network)
– VA study by Magagnoli et al. (preprint) 
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Comparative study of cardiac safety -NY State

• HCQ+AZM (n=299), HCQ (n=65), AZM (n=121), neither drug (n=101) 
• Main finding:

Compared to treatment with HCQ alone, HCQ+AZM is associated with 
increased risk of:

– Cardiac arrest, arrhythmia and abnormal EKG (aRRs were not statistically 
significant) 

• Limitations:
– Potential residual confounding:

• only adjusted for limited baseline characteristics (abnormal X-ray, respiratory rate>22, 
age, sex and facility)

• patients who received combination therapy were more likely to have pre-existing 
conditions, but pre-existing conditions and co-medications were not adjusted

– Small sample size
FDACDER000112
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NY State data analysis (main results)
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Comparative studies of all-cause mortality 
(safety/effectiveness) - NY State, NEJM article, VA study
• Reported inconsistent trend of association between HCQ+AZM, HCQ, 

AZM use with mortality
• Limitations

– Difficult to interpret the findings without cause of death
– Indication for channeling bias/confounding by disease severity

• Trend is inconsistent: some study results showed that HCQ treated patients had lower 
COVID-19 severity, but other study results showed that treated population in general 
were “sicker” than non-treated population

– Concerns for residual confounding
• Frequently missed potential confounders: co-medications, pre-existing conditions

– Imprecise effect estimates with wide CIs, due to small sample size
– Generalizability: 

• Eg. to non-male, younger population (VA), to other regions 
FDACDER000115
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Suggestions for improvement on observational data 
for safety and effectiveness studies

(b) (5)
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Comparative cardiac safety study -OHDSI study 
(RA study population)

• Main findings: 
• No excess risk of cardiotoxicity identified for 30-day HCQ use compared to sulfasalazine use 
• When AZM was added to HCQ, increased risk of 30-day CV mortality, chest pain/angina and heart 

failure were observed

• Limitations:
– Heterogeneity of databases (Mixture of claims and ambulatory EHR data)

• Incomplete capture of outcomes and covariates in ambulatory EHR
• Validity of outcome events and exposure captured in ambulatory setting is unclear

– Outcomes that showed significant association might not all be associated with QT-prolongation 
• CV death: 1+ CV-event recorded in 30 days prior to death

– The design does not support the conclusion 
• HCQ may not have been used concomitantly with as AZM as defined in the study
• HCQ+ AZM compared to HCQ+ Amoxicillin

– Generalizability to COVID-19 population FDACDER000119
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Main results 

 
Those not treated with hydroxychloroquine had a higher median age compared to treated (70 years vs 65 
years). Those with a lower risk score were more likely to receive hydroxychloroquine. Among patients with  
the lowest quartile HMH-RS  91% received hydroxychloroquine compared to 90%, 82% and 78% in HMH- 
RS 2, 3, and 4.  
 
In the hydroxychloroquine cohort as of April 8, 2020, there were 199 deaths (19%), 437 successful hospital 
discharges (41%) and 419 patients still receiving hospital care (40%). Causes of death were respiratory 63%, 
cardiac 18% and infectious 8%  
 
 
Safety 
Discontinuation of hydroxychloroquine due to prolongation of QTc or arrhythmias was recorded in the 
electronic health records in 14 (1.6%) and 2 (0.2%) patients. During hospitalization, arrhythmias were noted 
in 3.9%, cardiomyopathy 1.1%, neurologic events 1.4% and renal failure 6.3%. 
 
HCQ 

• Unadjusted analyses HCQ: HCQ appeared to prolong survival compared to non-use. 
• Adjustment by risk score stratification HCQ: No statistically significant survival benefit across any 

of the 4 risk categories HR 0.92;p=0.63). 
• Similar results were seen when AZM was added to HCQ HR: 0.89; p=0.76 
• Kaplan Meier curves illustrating results for the HCQ only analysis among the lowest and highest risk 

score. patients are shown below and indicate no substantial difference between the treated and non-
treated. 

• In an unplanned, post-hoc analysis, when stratified by race, the death rate among hospitalized 
            African-American patients was less than for Caucasians (14% vs 21%).  

• A chance finding indicated history of rheumatologic disease was deemed to be protective. 4.2% of 
patients had rheumatologic diseases. 

• Authors suggest that although hydroxychloroquine may have anti-viral effects, the agent may not be 
able to control the cytokine storm and pro-inflammatory response that accompanies acute respiratory 
failure 
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Tocilizumab ( not included in NEJM paper submission) 
 
Only 53 patients received tocilizumab. Updated analyses with more tocilizumab treated patients are pending. 
 
Results suggest that tocilizumab use may be detrimental and lead to increased mortality especially among 
those with higher risk scores.  
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Abstract: 

Translation of in vitro antiviral activity to the in vivo setting is crucial to identify potentially 

effective dosing regimens of hydroxychloroquine. In vitro EC50/EC90 values for 

hydroxychloroquine should be compared to the in vivo free extracellular tissue concentration, 

which is similar to the free plasma hydroxychloroquine concentration. 

Keywords: Hydroxychloroquine, SARS-CoV-2, COVID-19, antiviral activity 
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Introduction 

The recently published article by Yao et al. aimed to derive optimized dosing regimens of 

hydroxychloroquine (HCQ) for the treatment of SARS-CoV-2 based on in vitro antiviral 

pharmacology experiments and physiologically-based pharmacokinetic (PBPK) modeling and 

simulation (M&S) [1].  The unprecedented global COVID pandemic necessitates expeditious, 

pharmacologically-anchored development of therapeutic agents to both treat and prevent the 

adverse clinical sequelae of SARS-CoV-2.  Mechanistically-informed approaches including, but 

not limited to, PBPK and other M&S strategies may be helpful in 1) deriving dosing regimens of 

therapeutic agents likely to have acceptable risk/benefit profiles; 2) identifying where in the 

course of disease treatment should be initiated; and 3) providing mechanistic insights into data 

derived from clinical trials.  To the extent that translational research similar to that conducted by 

Yao et al. may be used to inform future drug development programs and clinical management 

strategies, herein, we wish to share our perspectives on how to link in vitro antiviral activity and 

drug exposure at the putative target site of action in predicting the in vivo antiviral effect of 

HCQ.   

 

 

A key goal in PBPK modeling, as illustrated by Yao et al., is to derive appropriate dosing 

regimens by integrating in vitro experimental pharmacological data with understanding of 

physiological process and drug properties in order to simulate which regimens would achieve 

adequate concentrations in target tissues of relevance.  To estimate in vivo antiviral activity, the 

ratio of free extracellular drug concentration in tissue in vivo to the in vitro EC50 or EC90 value 

is generally calculated. The higher this ratio, the greater the confidence in achieving in vivo 

antiviral efficacy.  

 

Yao et al. recommended dosing regimens based on the ratios of free lung trough concentration to 

the in vitro EC50 value (RLTEC=Ctrough,lung/EC50), where the free lung trough concentration 

was calculated as the PBPK model-simulated lung trough concentration adjusted with the 

chloroquine (CQ)/HCQ unbound fraction (fu,plasma) in plasma, and the EC50 values were the 

initial CQ/HCQ concentrations in the cell culture media that led to 50% of the maximum 

antiviral activity. The PBPK model-simulated lung trough concentration was based on the lung-

to-plasma partition coefficient obtained from rats and assumed to be the same in both rats and 

humans as no human data are available.  The authors indicated that the free lung trough HCQ 

concentrations would be approximately 21- to 169-fold of the EC50 value under different dosing 

regimens resulting in high HCQ RLTEC values; this would suggest high likelihood for in vivo 

antiviral activity and thus provide a rationale to support HCQ as a potentially efficacious 

regimen inhibiting SARS-CoV-2 assuming an antiviral mechanism of action/benefit.  

 

In this brief report, we summarize HCQ’s potential mechanism of action against SARS-CoV-2, 

in vitro anti-SARS-CoV-2 studies, pharmacokinetic (PK) properties for HCQ, and provide a 

high-level assessment regarding how to link in vitro antiviral activity and in vivo drug 

concentration to assess the antiviral effect of HCQ for SARS-CoV-2. 

 

 

HCQ/CQ’s potential mechanism of action against SARS-CoV-2  
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HCQ and CQ are known to accumulate highly in acidic organelles, such as endosomes, the Golgi 

apparatus, and lysosomes. The intracellular concentrations can be up to 1000-fold higher than the 

extracellular drug concentrations (e.g., the concentrations in the cell culture media in the reported 

in vitro studies) [2, 3] (Figure 1). The proposed mechanism of CQ’s anti-coronavirus activity is 

related to its intracellular pH modulation effect. The increased endosomal pH was believed to 

block virus/cell fusion. The impairment of terminal glycosylation of angiotensin converting 

enzyme 2 (ACE2) caused by pH elevated Golgi apparatus may result in reduced binding 

affinities between ACE2 and SARS-CoV spike protein [4]. A more recent study confirmed the 

endosomal pH-related mechanism for CQ and explored the antiviral mechanism for HCQ [5]. 

Both CQ and HCQ affected the number and/or size/morphology of early endosomes and 

endolysosomes, and the authors hypothesized that this could result in failure of further transport 

of virions to the ultimate release site.  

 

In vitro antiviral activity against SARS-CoV-2 

 

In two papers, the in vitro antiviral activity of CQ and HCQ against SARS-CoV-2 for both 

treatment and prophylaxis was reported using EC50 values that represent the drug concentrations 

initially added to the cell culture media instead of the intracellular drug concentration [1, 5].  It was 

reported that the initial drug concentration could decrease significantly due to intracellular 

accumulation during the incubation [6]. This could lead to a much lower estimated EC50 value if 

the measured steady state drug concentration had been used to estimate EC50. However, after 

examining the experimental conditions reported by both studies [1, 5], we consider the impact of 

extracellular drug concentration drop during the in vitro study on EC50 estimate is insignificant. 

 

In vivo drug exposure   

 

CQ and HCQ are known to have significantly higher tissue concentrations compared to those in 

plasma. The CQ product label reports tissue concentrations 200-700 fold higher than plasma in 

animals [7] while MacIntyre et al. [6] suggests HCQ may have similarly high tissue/plasma ratio 

in the rat (Figure 1). The mechanism for the high tissue/plasma ratio is due to the accumulation 

of CQ/HCQ in acidic organelles such as endosome, Golgi apparatus, and lysosomes inside tissue 

cells [6]. Therefore, despite the high tissue intracellular concentrations, the free tissue 

extracellular concentration should be similar to the free plasma concentration [8] (Figure 1). It 

should be noted that various types of concentrations have been reported, such as blood, serum, 

and plasma concentrations with different units. A study investigated the distribution of CQ in 

blood and showed an average blood-to-plasma concentration ratio of 7.6 and serum-to-plasma 

concentration ratio of 2 [9]. The higher concentrations of CQ in serum might be due to the 

release of CQ from leucocytes and thrombocytes during the clotting process. Therefore, at least 

1000 g centrifugal force was recommended to process the blood samples and obtain reliable 

plasma concentration of CQ. HCQ showed a similar mean blood-to-plasma concentration ratio of 

7.2 [10]. A similarly high centrifugal force (1200 g) had to be applied to obtain reliable plasma 

concentration of HCQ[10, 11]. Given the similar intracellular accumulation between CQ and 

HCQ, the serum-to-plasma concentration ratio for HCQ is expected to be approximately 2 as 

well for the same reason. When linking in vitro antiviral activity and in vivo exposure, the HCQ 

concentrations in different matrices (whole blood, serum or plasma) need to be converted to the 

unbound concentration in plasma. PK models developed from improperly processed plasma 
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samples can lead to a “plasma” concentration prediction as high as the whole blood 

concentration [12]. Any application of such PK models to support HCQ dosing regimen is 

questionable [13, 14].  

 

Results: 

Linking in vitro antiviral activity and in vivo hydroxychloroquine concentrations  

 

Based on the above considerations, we re-calculated the RLTEC values using free lung 

extracellular trough concentrations which should be similar to the free plasma concentrations 

(Cplasma*fu,plasma) extracted from figure 3 in Yao et al.[1] instead of  the predicted “free lung 

trough concentrations” (Cplasma*Kp*fu,plasma) reported by Yao et al which included the 

highly accumulated intracellular concentration as discussed previously.  These results are listed 

in Table 1B and showed lower RLTEC values (0.11-0.34) compared to those reported by Yao et al 

(21-169). When a higher EC50 value as reported by Liu et al. [5] was used, even lower RLTEC 

values (0.017-0.054) were obtained, suggesting the possibility that in vivo concentrations of 

HCQ that would be achieved with the highest proposed dosing regimen (D1 800 mg + 400 mg, 

D2-D10 400 mg QD) may not result in adequate clinical antiviral activity against SARS-CoV-2, 

as the RLTEC values ranged from 0.005 to 0.34, depending on the values of EC50/EC90 . Similar 

RLTEC range (0.03-0.89 when compared to EC50, and 0.007 to 0.064 when compared to EC90) 

was obtained for CQ (D1-D10 500 mg BID) (data not shown). The in vivo HCQ concentration 

range is added to the concentration-inhibition (%) plots from both Yao et al. and Liu et al. to 

visualize the magnitude of in vivo concentration range relative to the in vitro concentration 

ranges (Figure 2). 

It should be noted that our calculation assumed similar in vivo cellular accumulation as those 

seen in in vitro studies. Even though we used model-predicted HCQ plasma concentration from 

Yao et al. for comparison purposes, observed concentrations from various clinical trials can be 

used for similar calculations. When using reported PK parameters, blood and serum 

concentrations should be properly converted to free plasma concentration before comparison 

with EC50/EC90 values.   

 

Discussion 

Multiple other reports [5, 15-19] also cited the significantly higher lung concentration relative to 

the in vitro EC50 as the rationale to support CQ/HCQ as a potentially efficacious regimen 

against SARS-CoV-2. However, as stated earlier, the in vitro EC50 values used in these reports 

were based on the drug concentrations in the cell culture media (extracellular concentration). In 

order to use the significantly higher lung (intracellular) concentration to predict the potential in 

vivo antiviral efficacy, we believe the in vitro corresponding antiviral potency parameter, e.g. 

EC50_intracellular, should be calculated based on the intracellular concentrations in the antiviral 

experiments. EC50_intracellular will be significantly greater than the currently reported EC50 

values. As a result, the ratio between in vivo intracellular concentration and EC50_intracellular 

would still be low, suggesting low potential for in vivo antiviral activity at doses that would not 

be rate-limiting from the standpoint of toxicity.  
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Our assessment should be put in proper context. It should be noted that much is unknown about 

both the pathogenesis of SARS-CoV-2-induced COVID-19 as well as the relevant mechanism of 

action for treatments that ultimately prove to be safe and effective for COVID-19 prophylaxis 

and treatment.  We only considered viral inhibition activity in the calculation, while HCQ may 

have additional relevant pharmacological properties (e.g., anti-inflammatory/immunomodulatory 

effects).  It has been hypothesized that the immunomodulatory effect of HCQ may be beneficial 

during the moderate/late stage of COVID-19 disease progression [20].  Adequate and well-

controlled clinical trials will ultimately be critical in determining which treatment modalities will 

be safe and effective, at what stages of infection and disease, and at what dose regimens.   

As in vitro studies showed antiviral activities for CQ and HCQ, in vivo antiviral efficacy may be 

possible only if the in vivo concentration is sufficiently high. However, CQ and HCQ have 

potential QT prolongation risk, especially when being used in combination with another QT 

prolonger, such as azithromycin [21, 22]. Therefore, a strategy to increase the drug exposure at 

the site of action (e.g., through targeted delivery) while minimizing the systemic exposure may 

be desirable. 

 

In conclusion, the translation of in vitro antiviral activity to appropriate clinical dosing regimens 

is complex and multifactorial.  For the case of CQ/HCQ, the in vitro antiviral EC50 values 

reported in the literature [1, 5] were extracellular drug concentrations present in cell culture 

media, and should be compared with in vivo free drug concentration in the plasma (likely to be 

equal to free extracellular tissue concentration).  Under the assumption that in vivo cellular 

accumulation is similar to that from the in vitro studies, the calculated free lung concentrations 

that would result from proposed dosing regimens are well below the in vitro EC50/EC90 values, 

making the antiviral effect against SARS-CoV-2 not likely achievable with a safe oral dosing 

regimen. Well-designed clinical trials that leverage full understanding of drug pharmacology and 

disposition, as well as disease pathogenesis, will be necessary to definitively determine whether 

the risk/benefit balance is favorable for a given treatment. 
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Figure Legends: 

Figure 1 Mechanism of pH-driven intracellular accumulation of HCQ in the in vitro cell culture system 

and in vivo lung tissue.  HCQ has a high logP (3.84) and pKa (9.67, 8.27) and can freely diffuse across 

the cell membrane in its unionized from to enter the cell and the lysosome. Once inside the lysosome, 

HCQ becomes protonated in the acidic environment, preventing it from crossing the lysosomal membrane 

back to the cytoplasm.    

 

Figure 2 Predicted HCQ free lung extracellular concentration (equal to free plasma concentration) range 

(0.077-0.305 M, red double-end arrows) with different dosing regimens (Table 1) and HCQ SARS-

CoV-2 inhibition concentration-response curves at MOI of 0.01. The blue double-end arrows (15.1-121.7 

µM) represent the “free lung trough concentration” obtained from Yao et al.[1]. The HCQ SARS-CoV-2 

inhibition concentration-response curves were adapted from Liu et al.(left) [5], and Yao et al.(right) [1]. 
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Table 1. A: Model predicted HCQ free trough concentration (Ctrough,u) and free maximal concentration 

(Cmax,u) in plasma on days 1, 3, 5 and 10 following different proposed dosing regimens in healthy 

subjects (data were digitized from Figure 3 in Yao et al. article[1].). B: Re-calculated ratios of free lung 

extracellular (or free plasma) trough concentration to in vitro extracellular EC50 or EC90 (RLTEC) with 

different dosing regimens of HCQ.  
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Dosing Regimena 
Ctrough,u (M) Cmax,u (M) 

Day 1 Day 3 Day 5 Day 10 Day 1 Day 3 Day 5 Day 10 

D1 800 mg + 400 mg 

D2-D10 400 mg QD 
0.108 0.118 0.155 0.228 0.165 0.186 0.223 0.305 

D1 600 mg BID 

D2-D10 400 mg QD 
0.115 0.118 0.155 0.228 0.185 0.185 0.221 0.302 

D1 600 mg BID 

D2-D10 200 mg BID 
0.115 0.131 0.164 0.244 0.182 0.159 0.192 0.271 

D1 400 mg BID 

D2-D10 200 mg BID 
0.077 0.109 0.145 0.225 0.122 0.134 0.174 0.259 

D1 400 mg BID 

D2-D5 200 mg BID 
0.077 0.109 0.145 0.101 0.122 0.134 0.173 0.102 

 RLTEC (Ctrough,u/EC50) 

Dosing Regimena 
EC50 = 0.72 µM[1]b EC50 = 4.51 µM[5] b 

Day 1 Day 3 Day 5 Day 10 Day 1 Day 3 Day 5 Day 10 

D1 800 mg + 400 mg 
D2-D10 400 mg QD 0.15 0.16 0.22 0.32 0.024 0.026 0.034 0.051 

D1 600 mg BID 

D2-D10 400 mg QD 0.16 0.16 0.22 0.32 0.026 0.026 0.034 0.051 

D1 600 mg BID 

D2-D10 200 mg BID 0.16 0.18 0.23 0.34 0.026 0.029 0.036 0.054 

D1 400 mg BID 

D2-D10 200 mg BID 0.11 0.15 0.20 0.31 0.017 0.024 0.032 0.050 

D1 400 mg BID 

D2-D5 200 mg BID 0.11 0.15 0.20 0.14 0.017 0.024 0.032 0.022 

 RLTEC (Ctrough,u/EC90) 

Dosing Regimen a EC90 = 10 µM[1] b EC90 = 16.9 µM[5] b 

Day 1 Day 3 Day 5 Day 10 Day 1 Day 3 Day 5 Day 10 

D1 800 mg + 400 mg 

D2-D10 400 mg QD 0.011 0.012 0.015 0.023 0.006 0.007 0.009 0.013 

D1 600 mg BID 

D2-D10 400 mg QD 0.012 0.012 0.015 0.023 0.007 0.007 0.009 0.013 

D1 600 mg BID 

D2-D10 200 mg BID 0.012 0.013 0.016 0.024 0.007 0.008 0.010 0.014 

D1 400 mg BID 

D2-D10 200 mg BID 0.008 0.011 0.014 0.023 0.005 0.006 0.009 0.013 

D1 400 mg BID 

D2-D5 200 mg BID 0.008 0.011 0.014 0.010 0.005 0.006 0.009 0.006 
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Notes:  
a Dosing regimen information was obtained from Table 1 in Yao et al. article[1].  The Ctrough 
concentrations were digitized from Figure 3 in Yao et al. article[1]. The fraction unbound in 

plasma (fu,plasma) is 0.5. The model performance regarding the HCQ plasma concentration 

prediction has been independently verified by the authors of this report. 
b The EC50 values for HCQ against SARS-CoV-2 infection in vitro at different multiplicity of 
infection (MOI, the ratio between the number of viruses and the number of host cells) reported 

by Liu et al were 4.51 µM (MOI=0.01), 4.06 µM (MOI = 0.02), 17.31 µM (MOI = 0.2), and 

12.96 µM (MOI = 0.8) at 48 hours post-infection[5]. The EC50 values reported by Yao et al. 
were 6.14 µM (MOI = 0.01 for at 24 hours post-infection), and 0.72 µM (MOI = 0.01 at 48 

hours post-infection)[1]. The EC90 values for HCQ reported by Liu et al were 16.9 µM 

(MOI=0.01), 22.3 µM (MOI = 0.02), and >50 µM (MOI = 0.2 and 0.8)[5]. The EC90 values 
reported by Yao et al. were 16.5 µM (MOI = 0.01 at 24 hours post-infection), and 10 µM 

(MOI = 0.01 at 48 hours post-infection)[1]. Only EC50 and EC90 values representing MOI of 

0.01 were used in the calculation above. 
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Figure 1 
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Figure 2 
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