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ABSTRACT
Algeria has adopted a therapeutic protocol using hydroxychloroquine (HCQ) as a first-line 
treatment for patients with coronavirus disease 2019 (COVID-19). The administration of 
HCQ must be accompanied by appropriate cardiac and therapeutic pharmacological 
monitoring to avoid side effects and toxicity. This work is a retrospective descriptive study 
aiming to estimate the HCQ levels of COVID-19 patients. HCQ concentrations in blood 
samples from COVID-19 patients were determined using high performance liquid 
chromatography with diode array detector (HPLC-DAD) after liquid-liquid extraction of 
plasma. The coefficient of determination (r2) of this method was 0.9999. The limits of 
quantification and detection were 0.05 mg/L and 0.02 mg/L, respectively, with coefficients 
of variance less than 6%. Patient monitoring was performed following recommendations 
for the therapeutic pharmacological monitoring of HCQ in patients treated for SARS-CoV-2 
(COVID-19) infection validated by the coordinated action (AC43) of the National Agency 
for Research on AIDS and Viral Hepatitis (ANRS) and Therapeutic Pharmacological 
Monitoring and Personalization of Treatments (STP-PT) group. A total of 267 blood samples 
from 240 patients were analyzed, 49% for males and 51% for females. More than a third 
of the patients were 60–80 years old. The majority (68%) of the HCQ concentrations were 
between 0.1 and 1 mg/L. Additionally, more than 20% were between 0.05 and 0.1 mg/L, 
while only 7.5% were less than 0.05mg/L and 1.5% were greater than 1 mg/L. In summary, 
patients with COVID-19 showed a good tolerance to HCQ in the majority of cases.

KEY POINTS
• HCQ was proposed to be a promised treatment for COVID-19.
• A reverse phase HPLC-DAD method was validated for HCQ concentration determination 

in plasma.
• Patients hospitalized for COVID-19 were monitored according to the guideline 

established by the French National Team AC43 of the ANRS and the STP-PT group.
• Patients showed a very good tolerance to HCQ with no observed cases of toxicity.

Introduction

Hydroxychloroquine (HCQ) is an analogue of chlo-
roquine (CQ) antimalarial, with fewer side effects, 
a better safety profile, and fewer drug interactions 
[2]. In vitro studies performed on the virus strains 
responsible for coronavirus disease 2019 (COVID-19) 
support the potential antiviral effects of CQ and 
HCQ [3]. However, evidence regarding their effects 
remains limited and is a subject of controversy [4].

HCQ can be extremely toxic at high doses. Possible 
resulting symptoms include a rapid onset of seizures, 
coma, cardiovascular collapse including QRS widening 
and QT interval prolongation, and hypokalemia result-
ing from intracellular changes [5]. Both the therapeutic 
advantages and toxic effects of this drug are dependent 
upon the dose and duration of therapy [6]. Dose 

regimens should aim to reach plasma concentrations 
greater than 0.1 mg/L and avoid exceeding plasma con-
centrations of 1 mg/L [1,5]. Because of the importance 
of this concentration range, pharmacological monitoring 
of HCQ treatment is essential for a good patients care. 
The present work is a retrospective study which aims 
to describe the evolution of HCQ concentration in 
patients with COVID-19.

Materials and methods

Study population and analytical methods

Over 5 months (April–August 2020), patients hospital-
ized for COVID-19 and treated with 600 mg/day were 
monitored according to the guidelines established by 
the French National Team AC43 of the National Agency 
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Table 1. age distribution of the study population (n=240).
age (year) number of patients (%)

[0–20] 6 (2.5%)
(20–40] 62 (26%)
(40–60] 65 (27%)
(60–80] 80 (33%)
>80 13 (5.5%)
not given 14 (6%)

Table 2. Mean hydroxychloroquine concentrations at differ-
ent days following treatment initiation in coronavirus disease 
2019 (coViD-19) patients (n=267).
Day Mean ± sD (mg/L) number

2 0.16 ± 0.08 15
3 0.16 ± 0.13 127
4 0.25 ± 0.20 39
5 0.29 ± 0.13 25
6 0.33 ± 0.25 14
7 0.38 ± 0.24 13
8 0.31 ± 0.27 10
9* – –
10 0.55 ± 0.42 4

*Day 9: no collected data.

Table 3. Distribution according to therapeutic range fixed 
for coronavirus disease 2019 (coViD-19) infection treatment 
(n = 267).

Time after 
treatment 
initiation 
(day)

hydroxychloroquine concentration (mg/L) 
(number of samples, %) number 

of 
samples

<LLoQ 
(0.05) 0.05–0.1 0.1–1.0 1.1–1.2

Day 2 3 (17%) 4 (22%) 11 (61%) 0 (0%) 18
Day 3 15 (11%) 47 (33%) 79 (56%) 0 (0%) 141
Day 4 2 (5%) 6 (15%) 33 (80%) 0 (0%) 41
Day 5 0 (0%) 3 (12%) 20 (80%) 2 (8%) 25
Day 6 0 (0%) 1 (6%) 14 (88%) 1 (6%) 16
Day 7 0 (0%) 0 (0%) 13 (100%) 0 (0%) 13
Day 8 0 (0%) 0 (0%) 9 (100%) 0 (0%) 9
Day 10 0 (0%) 0 (0%) 3 (75%) 1 (25%) 4

Total 20 61 182 4 267

LLoQ: lowest limit of quantification.

for Research on AIDS and Viral Hepatitis (ANRS) and 
the Therapeutic Pharmacological Monitoring and 
Personalization of Treatments (STP-PT) group [1]. 
Blood samples were collected in heparinized tubes at 
different time points after treatment initiation (3rd–10th 
day) within 1 h before drug administration. Patients 
with renal and/or hepatic disease were excluded. Plasma 
was recovered and analyzed the same day or kept in 
freezer for later analysis.

HCQ concentrations in plasma were determined 
by high performance liquid chromatography with 
diode array detector (HPLC-DAD) method, which 
was fully validated as per European Medicines Agency 
(EMA) guidelines [7]. CQ was used as the internal 
standard. Separation of analytes was achieved using 
a Discovery C18 analytical HPLC column (15 cm × 
4.6 mm, 5 µm) at 30 °C using Perkin Elmer diode 
array detector (DAD) at 260 nm. The mobile phase 
was composed of acetonitrile-phosphate buffer (85:15, 
v/v) delivered at flow rate of 0.7 mL/min. Liquid-liquid 
extraction was performed using a mixture of organic 
solvents (hexane/ethyl acetate).

Statistical analyses

Data in this study are expressed as mean ± standard 
deviation (SD). Microsoft Excel 2010 (Redmond, 
WA, USA) was used for all data analysis.

Result interpretation

Results were compared with the residual concentra-
tions included in the update of recommendations 
for the Therapeutic Pharmacological Monitoring of 
lopinavir and HCQ in patients treated for 
SARS-CoV-2 (COVID-19) infection [1].

Results

The retention times of HCQ and CQ were 3.8 and 
4.2 min, respectively. The assay demonstrated a good 
linear dynamic range of 0.05–2.00 mg/L with a coefficient 
of determination (r2) equal to 0.9999. Limits of quanti-
fication and detection were 0.05 mg/L and 0.02 mg/L, 
respectively, with coefficients of variance less than 6%.

In total, 267 blood samples from 240 patients were 
analyzed, 49% for males (n = 118), and 51% for 
females (n = 122). Table 1 displays the distribution of 
these patients according to age. The average HCQ 
concentration values (±SD) for the patients on each 
day from Day 2 to Day 10 except Day 9 are presented 
in Table 2. Among the 267 samples, 20 were below 
the lowest limit of quantification (LLOQ; 0.05 mg/L), 
61 between 0.05 and 0.1 mg/L, 182 between 0.1 and 
1 mg/L and four patient more than 1 mg/L (Table 3). 
According to days, majority of concentrations of HCQ 
were between 0.1 and 1 mg/L on all days.

Discussion

There were nearly equal numbers of male and female 
patients in our study population, with most indivi-
duals between 60 and 80 years old. The majority of 
samples (127/247) were collected on the third day 
(Table 2). In fact, many patients were released after 
three days of hospitalization and this by overload. 
Only unstable cases were kept longer. The average 
HCQ concentration reached the therapeutic range 
on the second day ((0.16 ± 0.08) mg/L, n = 15), con-
trary to the findings of a study regarding HCQ in 
COVID-19 patients conducted by Martin-Blondel et  al. 
[8]. In this case, the mean was still in the infra-therapy 
range ((0.09 ± 0.01) mg/L, n = 3) on the second day 
following treatment initiation at 600 mg/day while 
this range was well achieved after the same period 
with 800 mg/day on the first day then 600 mg/day 
(n = 14). It only on Day 3 that therapy concentration 
were achieved ((0.10 ± 0.04) mg/L, n = 14) with 600 mg/
day regimen. However, it is important to note that 
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the number of patient blood samples collected on Day 
2 in this study was small (n = 3). Perinel et  al. [9] 
conducted a prospective study to evaluate the phar-
macokinetic properties of HCQ and reported a 
2.7 days (1–4.5 days) mean time to reach the blood 
therapeutic level. Morrisette et  al. [10] reported that 
a mean peak blood and plasma HCQ concentrations 
of 0.1296 mg/L after 3.26 h and 0.0503 mg/L after 
3.74 h, respectively, were successfully achieved in 
healthy males who received a single HCQ 200 mg oral 
dose. This suggests that physiological variations in 
COVID-19 patients may prolong the time to reach 
therapeutic concentration.

Interestingly, the average HCQ concentration in 
our study generally increased each day from 
(0.16 ± 0.08) mg/L at Day 2 to (0.55 ± 0.42) mg/L at 
Day 10), except on Day 8 when concentration decreased 
slightly and Day 9 when no data are available (Table 2).

The distribution according to therapeutic level sug-
gested that most (182/267, 68%) of the measured HCQ 
concentrations were in therapeutic range, while 61/267 
(23%) were below the minimum therapeutic target. 
Only 4/267 (1.5%) samples were slightly above 1 mg/L  
without any toxic symptoms. Notably, 20/267 (7.5%) 
were below the LLOQ (0.05 mg/L). However, this only 
occurred during the first 4 days of treatment and was 
likely because those patients did not adhere to the 
treatment regimen (Table 3). Perinel et al. [9] reported 
that 6/161 samples (3.7%) in their analysis were below 
the LLOQ (0.01 mg/L), 61% patients achieved the 
thera peutic level, and 15% exceeded the therapeutic 
level. Our results as well as those reported in other 
studies show that HCQ reach therapeutic concentra-
tion fixed for COVID-19 disease during the first days 
with no intoxication cases. This makes this molecule 
at recommended regimen (600 mg/day) save.

Conclusion

Our retrospective study suggests that COVID-19 
patients treated by HCQ following a 600 mg/day 
regimen were overall mostly sufficiently covered and 
impregnated by the treatment from the first days 
after treatment initiation. These patients showed a 
very good tolerance to this drug with no observed 
cases of toxicity. We believe that HCQ at this dose 
is a safe treatment for humans regardless of its effec-
tiveness in treat COVID-19, which remains a subject 
of great controversy.
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