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ABSTRACT 

 

Different dosage regimens of hydroxychloroquine are used to manage COVID-19 patients, without 

information on the pharmacokinetics in this population. 

Blood samples (n=101) were collected from 57 COVID-19 patients for 7 days and concentrations were 

compared with simulated kinetic profiles. 

Hydroxychloroquine exposure is low and cannot be predicted by other populations. 

 

KEY WORDS: COVID-19, hydroxychloroquine, drug monitoring, population pharmacokinetic 

modelling, dosage regimens 
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Introduction 

Based on the in vitro activity against SARS-CoV-2 and preliminary clinical data, hydroxychloroquine is 

currently used in the management of COVID-19 patients [1–3]. Results of ongoing clinical trials are 

eagerly awaited. In the meantime, the efficacy as well as the dosage of hydroxychloroquine is highly 

debated. In their pilot study, Gautret et al. [2] administered the standard dosage used for treating 

systemic lupus erythematosus (SLE), which is 200 mg x 3 / day, as hydroxychloroquine is mainly 

prescribed for this indication [4]. Because of the severity of COVID-19 and the pharmacokinetics of 

hydroxychloroquine in SLE patients [5], a loading dose was rapidly included in the new hospital 

regimens to optimize drug distribution in tissues and more precisely in the lungs. 

Due to the lack of information on the plasma/blood concentrations required in COVID-19 patients to 

induce a virological/clinical effect, in many European countries these concentrations are monitored 

in patients whether or not they are included in clinical research protocols. 

Our aim was to determine whether or not the pharmacokinetics in SLE patients as described by 

Morita et al. [6] can be applied to COVID-19 patients. This is essential information for further 

exploration of the pharmacokinetic-pharmacodynamic relationship. 

Patients and methods 

According to the guidelines established by the French National Team AC43-ANRS/STP-SFPT in 

March/April 2020, blood samples were collected at different time points (from 48h to 192h) during 

clinical management of COVID-19 patients after treatment initiation and within 30 minutes before 

drug administration. Plasma concentrations were determined using a validated chromatographic 

analytical method which presents a lower limit of quantification of 0.05 mg/l, and an intra- and inter-

day variability < 4% and <10% respectively.  

To ensure that these concentrations were in keeping with the expected values at least in SLE patients 

for the same dosage regimens, we used the population pharmacokinetic model published by Morita 

et al. [6]  Hydroxychloroquine is mainly eliminated by hepatic metabolism (i.e. CYP3A4 and CYP2C8) 

with no reported difference between the Japanese and Caucasian populations concerning the 

prevalence of polymorphisms  for these two cytochromes [7]. Therefore, the ethnicity of the patients 

in Morita’s study [6] should not have a high impact on kinetics. We simulated the expected kinetic 

profiles in plasma (n=10,000) taking into account the significant covariate (i.e. body weight) which 

mainly explains the inter-individual variability of total clearance. 

This study was entered in the Toulouse University Hospital register of retrospective studies 

(registration number: RnIPH 2020-33) and is covered by MR-004 (CNIL number: 2206723 v 0). It was 

approved by Toulouse University Hospital and ethical requirements were entirely respected. 
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Results 

The average trough concentrations (+/- standard deviation) collected from day 3 to day 9 for 57 

patients (101 blood samples) are shown in Table 1, whether or not they were treated in an intensive 

care unit. Currently, there are no clear guidelines for an optimal dosage regimen. Consequently, 

different dosage regimens were applied over the past weeks and were updated based on data that 

emerged: regimen 1 (200 mg x 3/day), regimen 2 (400 mg x 2 on day 1 followed by 200 mg x 3/day), 

regimen 3 (400 mg x 2 on day 1 followed by 400 mg x 1/day) and regimen 4 (600 mg x 2 followed by 

400 mg x 1 /day). For regimen 4, which was exclusively used for patients in intensive care units, 

tablets were crushed and administered by feeding tube.  

For each regimen applied at the Toulouse University Hospital, an example of the expected kinetic 

profiles for a body weight of 80 kg (the median weight in our population) are presented in Figure 1 

with the corresponding serum concentration for each patient. 

Co-prescriptions were checked for each patient included, in order to assess a possible influence on 

hydroxychloroquine pharmacokinetics. None of the patients had medications that could increase or 

decrease the oral bioavailability and / or clearance of hydroxychloroquine. 

 

Discussion 

The concentrations measured in COVID-19 patients show that hydroxychloroquine exposure tends 

to be low and in most instances lower than the values reported in SLE patients, in particular for the 

standard regimen of “200 mg x 3/day”.  These preliminary results confirm that the pharmacokinetic 

behavior in COVID-19 patients cannot be predicted by the SLE population or by rheumatoid arthritis 

patients as recently reported by Perinel et al [8]. Furthermore, given the apparently large volume of 

distribution of hydroxychloroquine, Morita’s model [6], which is based on plasma concentrations, 

presents a major limitation for accurately predicting hydroxychloroquine accumulation in deep 

tissue. It is a major additional argument to urgently assess hydroxychloroquine pharmacokinetics in 

COVID-19 patients using both blood and plasma matrices. Moreover, monitoring 

hydroxychloroquine concentrations in bronchoalveolar fluids of COVID-19 patients could provide 

additional information on the degree of hydroxychloroquine lung impregnation [9,10] for a short 

period of treatment (i.e. few days).  In fact, data exist from lung tissue [11] and BAL [12] for 

antibiotics such as macrolides that accumulate in deep tissues. Therefore, it would be logical to 

consider BAL as “quality control” that provides information on the degree of hydroxychloroquine 

exposure in the lung. 

There is no established efficacy threshold for the moment. Therefore, the only relevant element to 

take into account when monitoring hydroxychloroquine concentrations seems to be toxicity and 

more precisely cardiotoxicity. A number of arguments suggest that a plasma concentration of 1 mg/l 

should not be exceeded, as initially suggested by the French National Team, AC43-ANRS/STP-SFPT. 

However, this concentration should be interpreted with caution because COVID-19 patients may (i) 

receive co-prescriptions which can worsen the cardiotoxicity of hydroxychloroquine (for example, 

azithromycin), (ii) have preexisting heart problems along with COVID-19 (EMA/202483/2020) and/or 

(iii) have hypokalemia.If this is the case, monitoring for heart problems by placing patients on 

telemetry to track EKG over the course of treatment, as is the current practice for ICU patients or at 

the University of Washington Medical Center [13], is not an option to be overlooked. 
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On April 2nd 2020, for an unknown reason, the French Ministry of Health imposed a dosage regimen 

identical to that used in SLE (no loading dose and 200 mg x 3/day) for patients treated outside the 

context of a clinical trial. Given (i) the variability of the physiopathological status of COVID-19 

patients, (ii) the complex tissue distribution kinetics of hydroxychloroquine and (iii) the 

hydroxychloroquine concentration required to clear 100% of SARS-CoV-2 in vitro (≈ 7 mg/l) [13], it 

does not seem reasonable to impose the same dosing regimen on the entire COVID-19 population 

without any further pharmacokinetic-pharmacodynamic information. 

 

In conclusion, a full hydroxychloroquine kinetic exploration is currently needed for COVID-19 

patients. 
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Table 1: Plasma trough hydroxychloroquine concentrations (i.e. sample collected within 30 minutes 

before drug administration) at different moments after treatment initiation in 57 COVID-19 patients 

(101 blood samples) 

Dosage 
regimen 

Time (hours) after treatment initiation Body weight 
(kg) 

(min-max) 
48h 72h 96h 120h 144h 168h 192h 

mean ± SD (mg/L) 
[number of patients] 

[number of 
patients] 

200 mg x 3 
/day 

0.09 ± 
0.01 
[3] 

0.10 ± 
0.04 
[14] 

0.14 ± 
0.13 
[10] 

0.10 ± 

0.05 

[5] 

0.19 ±  
0.06 
[5] 

0.16 ± 
0.08 
[2] 

0.18 
± 

0.06  
[2] 

62.5-130 
[25] 

400 mg x 2 at 
day 1 

200 mg x 3 
/day 

0.19 ± 
0.05 
[2] 

 
0.04  ± 

0.02 
[2] 

 

ND ND 
0.19 ± 
0.17 
[2] 

ND ND 
85-125 

[4] 

400 mg x 2 at 
day 1 

400 mg x 1 
/day 

0.09 ± 
0.12 
[9] 

0.11 ± 
0.06 [6] 

0.13 ± 
0.10 
[9] 

0.09 ± 
0.03 
[6] 

0.13 ± 
0.14  
[6] 

0.16 ±  
0.07 
[3] 

0.07 
± 

0.04 
[3] 

54-115 
[22] 

600 mg x 2 at 
day 1 

400 mg x 
1/day 

0.22 ± 
0.11 
[6] 

 

ND 
0.24 ± 
0.11 
[4] 

ND 
     0.2 
     [1] 

ND 
0.05 
[1] 

60-130 
[6] 

 

 

ND: no data. When a concentration was lower than the limit of quantification (0.05 mg/l), it was set 

at 0.025 mg/l. 
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Figure 1: Hydroxychloroquine plasma kinetic profiles (n=10000 per regimen) simulated with the 

population pharmacokinetic model published by Morita et al. [6] for a body weight of 80 kg and for 

different dosage regimens (200 mg x 3 /day ; 400 mg x 2 at day 1 followed by 200 mg x 3 /day ; 400 

mg x 2 at day 1 followed by 400 mg x 1 /day; 600 mg x 2 at day 1 followed by 400 mg x 1/day). The 

median kinetic profile is indicated by the white curve. The "extreme" profiles found in less than 5% 

and 95% of the population are indicated by the black curves. The red line corresponds to the toxic 

plasma concentration. The black squares represent observed trough concentrations (i.e. within 30 

minutes before drug administration) for patients who weigh approximately 80 kg (the median weight 

in our population). To facilitate the interpretation of the figure, all the trough concentrations that are 

presented are for the same moment before administration. 
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