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Abstract 24 

Background 25 

Hydroxychloroquine has been demonstrated in vitro to control SARS-Cov2 26 

multiplication on Vero E6 cells. We herein tested the possibility that some patients with 27 

prolonged excretion of virus could be infected by less susceptible viral strains. 28 

Methods 29 

Using high-content screening method, we screened 30 different selected isolates of 30 

SARS-CoV-2 from different patients. All these patients received azithromycin and/or 31 

hydroxychloroquine. We focused our work on patients with viral persistence defined as 32 

patient having a positive detection of virus in nasopharyngeal sample for at least 10 days and 33 

tested during the two episodes of French epidemic, late winter-spring then summer. Dose-34 

response curves in single-molecule assays with hydroxychloroquine were done for isolates 35 

with suspected reduced susceptibility. Genome clustering was done for all isolates. 36 

Results 37 

Among 30 tested strains, 3 were detected as replicating in presence of azithromycin 38 

and hydroxychloroquine at 5µM both. Dose-response model showed a decrease of 39 

susceptibility of these 3 strains to hydroxychloroquine. Whole genome sequencing showed 40 

that these three strains are all from the second epidemic episode and 2 clusters with isolates 41 

from Africa.  42 

Conclusions 43 

Reduced susceptibility to hydroxychloroquine was not associated with persistence of 44 

the virus in naso-pharyngeal sample. It was rather associated with occurrence during the 45 

second epidemic episode starting during summer and with strains clustering with those having 46 

a genotype which is common in Africa. This continent is the continent where 47 

hydroxychloroquine was the most used. 48 
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Introduction 58 

In December 2019, a novel coronavirus named SARS-CoV-2 emerged in Wuhan, 59 

China, in Hubei province [1–3]. Quickly, SARS-CoV-2 was spread around the world and the 60 

number of cases and deaths has increased rapidly (https://www.nature.com/articles/d41586-61 

020-00758-2). Since then, finding effective treatments and vaccines remains a major issue in 62 

the world. Several molecules with an antiviral effect have been tested in vitro and in vivo, 63 

drug repurposing being one of the strategies applied. In this objective many drugs have shown 64 

an inhibition in vitro such as remdesivir, chloroquine, hydroxychloroquine, ivermectin, 65 

azithromycin, spiramycin, several protease inhibitors and some antimalarial drugs [4–16]. The 66 

combination of azithromycin and hydroxychloroquine showed synergistic effects in vitro at 67 

concentrations of 5 μM for each molecule and the combination was massively used in our 68 

institute to treat infected patients [17], as well as in several countries in particular in Africa 69 

(Zambia, Uganda, Egypt, Algeria, Morocco, Tunisia, Senegal, Cameroon) [18,19]. In 70 

literature, and in our experience, some patients, especially those immunocompromised or with 71 

other comorbidities (as hypertension, diabetes) have presented a positive viral load with a late 72 

clearance [20–23]. In our institute, we could isolate at least one SARS-CoV-2 strain for 73 

several patients defined as “persistent” with a positive RT-PCR test for more than 10 days 74 

after admission in spite of the fact that they received the combination of azithromycin and 75 

hydroxychloroquine [24]. In those cases the question of susceptibility to the antiviral drugs of 76 

the responsible strain was raised. Indeed, most in vitro studies evaluating susceptibility to 77 

antiviral drugs used a unique strain or clone of SARS-Cov 2, considering that this clone is 78 

representative of all, in spite of the fact that the variability of antiviral activities on an 79 

enlarged panel of strains is unknown. Herein, we decided to screen in an automated model of 80 

Vero E6 a single association of azithromycin-hydroxychloroquine on multiple strains issued 81 

of persistent and non-persistent patients randomly chosen to detect reduced susceptibility to 82 

https://www.nature.com/articles/d41586-020-00758-2)
https://www.nature.com/articles/d41586-020-00758-2)
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this combination [25]. After this preliminary screening, a dose-response study to 83 

hydroxychloroquine was done on suspect isolates and controls.   84 

Materials and Methods  85 

Ethic concerns and sample collection 86 

Nasopharyngeal samples were done at the IHU Mediterranean infection as part of 87 

Covid-19 diagnosis and follow-up of patients. The study was approved by the ethical 88 

committee of the University Hospital Institute Méditerranée Infection (N°: 2020-029). 89 

Regarding both the French and the local situations, we defined 2 periods of time in this 90 

pandemic situation: a first one consisting in the arrival of the virus then the lockdown from 91 

February to May 2020, and a second one since June 2020, still ongoing. Information on the 92 

sample collection, name of the strains, and treatments are summarized in Table 1. All patients 93 

received treatment by Azithromycin that was in most cases associated to hydroxychloroquine 94 

[24]. Persistent patients are defined as presenting 2 viral swabs positive by RT-PCR during a 95 

period up to 10 days [25]. For these patients, when it was possible, we evaluated the 96 

susceptibility of 2 strains, the first isolated at admission and the second isolated during 97 

evolution under treatment. IHUMI-3 isolate was among the first strains isolated in the 98 

laboratory and used as control, as in all our previous experiments [17]. Viral isolation was 99 

done following the procedure described [26]. After isolation, the viruses were harvested and 100 

frozen at -80°C. TCID50 were performed for each strain and MOI for inoculation was 101 

adjusted in function of the RT-PCR values in order to inoculate the same virus concentration 102 

for each virus. Before inoculations for antiviral assays the viral stock was diluted into the M4 103 

medium. 104 

Screening for reduced susceptibility and dose-response to hydroxychloroquine of 105 

selected isolates  106 
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All 30 strains from 20 patients (Table 1) and IHUMI-3 strain control were screened 107 

using the high-content screening procedure to the combination of hydroxychloroquine and 108 

azithromycin (Sigma-Aldrich) at 5 μM each to evaluate the possible reduction of 109 

susceptibility. First, 200 μL of 5.105 cells /mL of Vero-E6 were incubated overnight at 37°C 110 

with 5% CO2 in 96 well plates. Supernatant was removed four hours before the infection by 111 

SARS-CoV 2 and drug dilutions were incubated in the M4 medium 4 hours before. Viral 112 

infection of each strain was achieved with a MOI 0,001 (50uL per well) except in negative 113 

controls. Imaging and cell analyses were performed by high-content-screening using the CX7 114 

automated cell-insight optical microscope (Thermofisher Scientific, USA). The proof of 115 

concept was used by Francis et al. and developed to automatically detect infections in cells 116 

[25]. Briefly at time points (H0 and 72 hours post-infection) wells were stained by NucBlue™ 117 

Live ReadyProbes™ reagent (Molecular Probes, Life Technologies, USA) at a final 118 

concentration of 2 ng/mL (5 μL per well directly from stock solution). Image acquisition and 119 

analyses were performed using the automated CellInsight™ CX7 High-Content Analysis 120 

Platform coupled with an automation system including an Orbitor™ RS Microplate mover 121 

and a Cytomat™ 2C-LIN (Thermo Scientific) incubator. We evaluated the protective effect of 122 

A5H5 by comparison to the positive control without addition of drugs and measured the 123 

difference in total cell count and % on infected cells according to the following formula  [total 124 

cell counts (A5H5 -positive control )] * [% injured cells (A5H5 – positive control) / 10) ]. As 125 

a consequence of this initial screening, 3 strains suspected to have possible reduced 126 

susceptibility to the combination (IHUMI-2123, IHUMI-2137 and IHUMI-2178) were first 127 

tested against hydroxychloroquine and azithromycin at 5 μM each then in a serial dilution 128 

range from 25 μM to 0,39 μM of hydroxychloroquine to determine dose-response assays. In 129 

order to confirm that the effect was not a genotype-selection effect, we tested IHUMI-2122, 130 

IHUMI-2177 and IHUMI-3 as control. Dose-effect curve was determined using a range of 131 
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hydroxychloroquine doses (from 25 μM to 0,39 μM) at MOI of 0,001. Hydroxychloroquine 132 

dilutions were done from a stock solution in M4 and then concentrations were adjusted. Each 133 

test was done at least in sixplicates and repeated twice independently and the potential effect 134 

was monitored by RT-PCR after 48H of incubation under previously described conditions 135 

[27], except concerning the polymerase replaced by the SuperScript™ III Platinum™ SYBR 136 

with ROX (Sigma-Aldrich, catalog number: 11736051). Relative viral quantification was 137 

done compared to the positive control (viruses without drugs) by the 2-ΔΔCt (–delta delta CT) 138 

method [28]. Statistical analyses were performed using GraphPad Prism v8.0.0 (GraphPad 139 

Software, La Jolla California USA).  140 

Viral preparation and genomic sequencing, genomic assembly and bioinformatic 141 

analyses 142 

In parallel of the antiviral assays, 500 μL of the viral supernatant obtained from co-143 

culture were centrifuged through UFC-filter (see previous section). Then viral RNA was 144 

extracted from 200 μL of the filtrate supernatant using the QIAcube kit. Then, it was reverse 145 

transcribed using SuperScript IV (ThermoFisher Scientific, Waltham, MA, USA) prior to 146 

cDNA second strand synthesis with Klenow Fragment DNA polymerase (New England 147 

Biolabs, Beverly, MA, USA). The next step concerned the DNA purification done by using 148 

Agencourt AMPure XP beads (Beckman Coulter, Villepinte, France) and finally sequenced on 149 

Illumina technology with the Illumina Nextera XT Paired-end strategy on a MiSeq instrument 150 

(Illumina Inc., San Diego, CA, USA). The Wuhan-Hu-1 isolate genome served as reference 151 

(consensus sequences GenBank Accession no. MN908947) and mapping was done by CLC 152 

Genomics workbench v.7. Sequences were compared to the GISAID database and a 153 

phylogenetic tree was done by using next train ncov (https://github.com/nextstrain/ncov). 154 

Results 155 

https://github.com/nextstrain/ncov
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High-content screening for reduced susceptibility detection 156 

Among the 30 strains (plus IHUMI-3 strain control) screened 72 hours after the viral 157 

infection by SARS-COV-2 on the high-content screening with or without treatment by the 158 

combination of hydroxychloroquine and azithromycin both at 5 µM, IHUMI-2123, IHUMI-159 

2137 and IHUMI-2178 had a low threshold obtained on the HCS software (1099, -1021 and -160 

257 respectively), suggesting possible reduced susceptibility to A5H5 (Figure 1a and 161 

supplementary Table 1). This result was confirmed by SARS-CoV-2 replication analysis 162 

(Figure 1b). 163 

Dose-effect curves of hydroxychloroquine assays 164 

Concerning the IHUMI-3, IHUMI-2122 and IHUMI-2177 strains used as controls, we 165 

observed a consistent viral inhibition compatible with the results observed previously in 166 

SARS-CoV-2 isolates. On the contrary, concerning IHUMI-2123, IHUMI-2137 and IHUMI-167 

2178 we observed a displacement of susceptibility to hydroxychloroquine (Figure 2) 168 

confirming a specific pattern of reduced susceptibility for these isolates.  169 

Genome analyzis 170 

We first conduced a global genome-to-genome comparison on the couple of strains 171 

isolated in persistent patients and could not detect any modification (Table 1). We also 172 

analyzed 20 genomes to place them in a phylogenetic tree.  Regarding the quality score on the 173 

next clade, all strains received a good quality score (Supplementary file S1). We could detect 174 

that all the strains of the second period have 10 or more amino-acid changes in their genome 175 

compared to strains of the first period. On the contrary all the strains of the first period have 176 

less than 10 amino-acid mutations except one (patient 12). All viruses in those studies have 177 

the D614G mutation in the spike, described elsewhere as potentially increasing the infectious 178 

effects [29]. The phylogenetic tree was reconstructed by integrating all IHUMI strains and 179 

evolutionary relationships were evidenced (Figure 3). All 5 strains from the second period 180 
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belonged to separate clades provisionally named Marseille 1 and Marseille 5 [30].  181 

Specifically, the strains with reduced susceptibility to hydroxychloroquine were from 182 

Marseille clades 1 (IHUMI-2123 and IHUMI-2178) and 5 (IHUMI-2137). All strains 183 

belonging to the Marseille 1 clade were positioned in proximity of genomes originating from 184 

Africa i.e; Senegal and Gambia. The phenotype with reduced hydroxychloroquine in 185 

Marseille 1 genotype was shared by IHUMI-2123 and IHUMI-2178 isolates but not by 186 

IHUMI-2122 and IHUMI-2177 isolates. IHUMI-2137 grouped within Marseille 5 clade. 187 

Meanwhile, regarding IHUMI-2123 and IHUMI-2178 isolates with a reduced susceptibility to 188 

hydroxychloroquine, they did not present mutations compared to close to IHUMI-2122 and 189 

IHUMI-2177 isolates without reduced susceptibility.  190 

4. Discussion 191 

To the best of our knowledge, it was the first time that three SARS-CoV2 strains 192 

showed a profile of reduced susceptibility to hydroxychloroquine in vitro. Susceptibility to 193 

azythromycin was not tested independently as its effect alone in vitro is limited. The high-194 

content screening technology, first applied to the high-throughput culture of giant viruses of 195 

amoeba then to SARS-CoV-2 [25], was used for the first time herein to quickly screen 196 

susceptibility to drugs of a large panel of viruses. If other work will be needed to confirm 197 

clearly that the procedure can be standardized enough to provide efficient large screening of 198 

strains, it was proven as efficient to detect isolates with reduced susceptibility. However, even 199 

if highly time-consuming and susceptible to many confounding factors as presented below, 200 

for fine determination of susceptibility, dose-effect determination by molecular biology 201 

remains necessary. Indeed, in vitro sensitivity assays carried out on the same virus can 202 

provide divergent results according to the great discrepancies due to several essential 203 

determinants in the experiments. First, cell lines used, although all the ones used in these 204 

assays need to be permissive, may harbor different permissivity levels resulting in differences 205 
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in viral titers. For SARS-CoV2, the entry step involves the ACE2 receptor and two 206 

independent host protease pathways TMPRSS2 or the cathepsins B/L that activate the Spike 207 

viral protein. The virus may not use these two ways similarly, and the expression level of 208 

these receptors mediating virus entry are differentially expressed according to the cell lines 209 

[31].  For example, VeroE6 engineered for expressing greater amounts of TMPRSS2 were 210 

used elsewhere, resulting in 100-fold higher titers of SARS-CoV-2  [32]. Inversely, viral titers 211 

provided by SARS-CoV2 infected calu-3 cells (Continuous human lung epithelial cell line) 212 

are lower than in Vero cells. [32]. It could make sense for the sensitivity assays to use the cells 213 

physiologically closest from those of the replication site in vivo. In this view, primary cells 214 

derived from organ explants were used for sensitivity assays and it seemed to be a relevant 215 

approach. However, variable effects which are donor-dependent on the sensitivity for some 216 

tested drugs should be expected due to differences in viral replication and gene expression 217 

[33]. Thus this approach could be a false good idea and testing molecules in a coarse model 218 

such as in Vero E6 that have genetic defect in interferon production could help in evidencing 219 

an effect. Secondly, the multiplicity of infection reported the drug concentration is not 220 

standardized. It seems obvious that the higher the MOI, the lower is the relative drug 221 

concentration, and the more likely the virus can replicate. This MOI is not even mentioned in 222 

some studies. Finally, time for end point evaluation and the method used for assessment of 223 

viral replication can also vary according to the studies from 1 hour to 120 hours [34,35]. 224 

Besides, assessment of viral replication by PCR or fluorescent assay or visual inspection to 225 

monitor cell viability may also not have the same sensitivity. In example for the latter, some 226 

permissive cells such as human intestinal epithelial Caco-2 do not produce cytopathic effects 227 

after SARS-CoV2 infection and thus cannot be evaluated with such method [36]. As a result, 228 

it is risky to draw conclusions on a single sensitivity test, especially when testing a virus with 229 

a high genomic variability.  230 
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One of the most interesting perspectives should be also to test multiple viral strains to 231 

check concordance of the results. Currently, in vitro assays use essentially 1 or 2 SARS-CoV2 232 

strains. Our work suggests it is risky to draw conclusions on a single sensitivity test when 233 

testing a virus with a high genomic variability. Indeed we observe an heterogeneity in the 234 

hydroxychloroquine antiviral activity screening of 30 strains and could detect three strains 235 

with a lower susceptibility profile. For isolates from patients of the first period of the 236 

epidemic, persistence was clearly not associated to a lowered susceptibility profile to 237 

hydroxychloroquine in vitro. This confirmed the observation that persistence and severity are 238 

rather associated with host factors as suggested by recent genetic research on Covid 19 239 

severity-associated factors [37,38] or immunocompromised status [39,40]. Moreover, 240 

genomic analyses did not reveal any modification in these isolates that could explain 241 

persistence, neither in the sequence of the strain isolated at admission nor in that of the strain 242 

isolated during the course of the disease. The less susceptible hydroxychloroquine strain, 243 

IHUMI-2123, that belongs to Marseille 1 genotype was isolated in early summer at the 244 

beginning of the second episode from a patient returning from Tunisia [30], which is a 245 

country where hydroxychloroquine was massively used [19]. We evidenced a close 246 

phylogenetic proximity between all strains of the Marseille 1 clade (IHUMI-2123, IHUMI-247 

2122, IHUMI-2178, and IHUMI-2177) with strains isolated in Senegal and Gambia, both 248 

countries using hydroxychloroquine to treat patients with COVID-19 [41,42]. We believe that 249 

it is possible that a large use of hydroxychloroquine in these countries selected strains with 250 

reduced susceptibility that were latter transmitted to Marseille population. Paradoxically, the 251 

patients tested in Marseille hospitals during the period of early summer and infected by 252 

isolates of this genotype presented milder infections and lower mortality than observed during 253 

the first part of the epidemic although the viral loads in their respiratory secretions were 254 

higher [43]. This observation raises several questions that will be difficult to resolve soon 255 
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such as does the lowered susceptibility to hydroxychloroquine reduces severity of infection or 256 

is it useful to use hydroxychloroquine in such case or only in patients with severity markers or 257 

risk factors such as anticoagulant lupus for which hydroxychloroquine is the treatment and 258 

thus, efficiency likely, not due to an antiviral effect [44–46]. But finally, the 259 

hydroxychloroquine concentration to achieve 50% of viral inhibition was around 3.125 µM 260 

for the three strains with high hydroxychloroquine susceptibility and > 12.5 µM for the three 261 

strains with reduced susceptibility, which require at least four times more hydroxychloroquine 262 

for the same effect (Figure 2). Moreover, a 90% viral inhibition required around 12.5 µM for 263 

susceptible strains and > 25 µM for less susceptible strains. However, these concentrations 264 

remain consistent with concentrations observed in human plasma and lungs. An oral uptake of 265 

400 mg of hydroxychloroquine led to a maximum blood concentration (Cmax) of 1.22 µM 266 

[47]. But, hydroxychloroquine accumulated 30 times more in lungs than in blood [48], 267 

allowing a potential efficiency of hydroxychloroquine even against strains with reduced 268 

susceptibility. An oral uptake of 400 mg of hydroxychloroquine would still be effective in 269 

vivo in humans infected with the current strains with in vitro reduced susceptibility to 270 

hydroxychloroquine. 271 

However, these genotypic and phenotypic variations could be frequent in the viral 272 

populations in the future and could apply to more drugs and need to be considered in the 273 

global repurposing strategy. By the description of Korber et al we know that the spike 274 

population evolved during February - April 2020 and constituted a fast replacing situation by 275 

the G614 [29]. Recently a major situation was noticed by Denmark where minks were 276 

infected with a strain presenting a few mutations notably in the spike protein and associated 277 

with a selection pressure in a potential zoonotic transfer. Those aspects need to be carefully 278 

considered, for testing and using antiviral compounds but also for epidemiology and 279 

vaccination strategy.  280 



13 

 

Funding: This work was supported by a grant from the French State managed by the 281 

National Research Agency under the “Investissements d’avenir” (Investments for the Future) 282 

program with the ANR-10-IAHU-03 (Méditerranée Infection) reference. 283 

 284 

Acknowledgments 285 

This manuscript has been edited by a native English speaker 286 

Conflicts of Interest: The authors declare no conflict of interest. 287 

 288 

References 289 

[1] Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel Coronavirus 290 

from Patients with Pneumonia in China, 2019. N Engl J Med 2020;382:727–33. 291 

https://doi.org/10.1056/NEJMoa2001017. 292 

[2] Zhang Y-Z, Holmes EC. A Genomic Perspective on the Origin and Emergence 293 

of SARS-CoV-2. Cell 2020;181:223–7. https://doi.org/10.1016/j.cell.2020.03.035. 294 

[3] Yao H, Song Y, Chen Y, Wu N, Xu J, Sun C, et al. Molecular Architecture of 295 

the SARS-CoV-2 Virus. Cell 2020. https://doi.org/10.1016/j.cell.2020.09.018. 296 

[4] Vincent MJ, Bergeron E, Benjannet S, Erickson BR, Rollin PE, Ksiazek TG, et 297 

al. Chloroquine is a potent inhibitor of SARS coronavirus infection and spread. Virol J 298 

2005;2:69. https://doi.org/10.1186/1743-422X-2-69. 299 

[5] Keyaerts E, Vijgen L, Maes P, Neyts J, Van Ranst M. In vitro inhibition of 300 

severe acute respiratory syndrome coronavirus by chloroquine. Biochem Biophys Res 301 

Commun 2004;323:264–8. https://doi.org/10.1016/j.bbrc.2004.08.085. 302 

[6] Yao X, Ye F, Zhang M, Cui C, Huang B, Niu P, et al. In Vitro Antiviral Activity 303 

and Projection of Optimized Dosing Design of Hydroxychloroquine for the Treatment of 304 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Clin Infect Dis 305 



14 

 

2020;71:732–9. https://doi.org/10.1093/cid/ciaa237. 306 

[7] Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in adults with 307 

severe COVID-19: a randomised, double-blind, placebo-controlled, multicentre trial. Lancet 308 

2020;395:1569–78. https://doi.org/10.1016/S0140-6736(20)31022-9. 309 

[8] Liu J, Cao R, Xu M, Wang X, Zhang H, Hu H, et al. Hydroxychloroquine, a 310 

less toxic derivative of chloroquine, is effective in inhibiting SARS-CoV-2 infection in vitro. 311 

Cell Discovery 2020;6:16. https://doi.org/10.1038/s41421-020-0156-0. 312 

[9] Gordon DE, Jang GM, Bouhaddou M, Xu J, Obernier K, White KM, et al. A 313 

SARS-CoV-2 protein interaction map reveals targets for drug repurposing. Nature 314 

2020;583:459–68. https://doi.org/10.1038/s41586-020-2286-9. 315 

[10] Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-approved 316 

drug ivermectin inhibits the replication of SARS-CoV-2 in vitro. Antiviral Res 317 

2020;178:104787. https://doi.org/10.1016/j.antiviral.2020.104787. 318 

[11] Riva L, Yuan S, Yin X, Martin-Sancho L, Matsunaga N, Pache L, et al. 319 

Discovery of SARS-CoV-2 antiviral drugs through large-scale compound repurposing. Nature 320 

2020;586:113–9. https://doi.org/10.1038/s41586-020-2577-1. 321 

[12] Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, 322 

et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a 323 

Clinically Proven Protease Inhibitor. Cell 2020;181:271-280.e8. 324 

https://doi.org/10.1016/j.cell.2020.02.052. 325 

[13] Touret F, Gilles M, Barral K, Nougairède A, van Helden J, Decroly E, et al. In 326 

vitro screening of a FDA-approved chemical library reveals potential inhibitors of SARS-327 

CoV-2 replication. Sci Rep 2020;10:13093. https://doi.org/10.1038/s41598-020-70143-6. 328 

[14] Gendrot M, Duflot I, Boxberger M, Delandre O, Jardot P, Le Bideau M, et al. 329 

Antimalarial artemisinin-based combination therapies (ACT) and COVID-19 in Africa: In 330 



15 

 

vitro inhibition of SARS-CoV-2 replication by mefloquine-artesunate. Int J Infect Dis 331 

2020;99:437–40. https://doi.org/10.1016/j.ijid.2020.08.032. 332 

[15] Gendrot M, Andreani J, Boxberger M, Jardot P, Fonta I, Le Bideau M, et al. 333 

Antimalarial drugs inhibit the replication of SARS-CoV-2: An in vitro evaluation. Travel 334 

Medicine and Infectious Disease 2020;37:101873. 335 

https://doi.org/10.1016/j.tmaid.2020.101873. 336 

[16] Hoffmann M, Hofmann-Winkler H, Smith JC, Krüger N, Sørensen LK, 337 

Søgaard OS, et al. Camostat mesylate inhibits SARS-CoV-2 activation by TMPRSS2-related 338 

proteases and its metabolite GBPA exerts antiviral activity. BioRxiv: The Preprint Server for 339 

Biology 2020. https://doi.org/10.1101/2020.08.05.237651. 340 

[17] Andreani J, Le Bideau M, Duflot I, Jardot P, Rolland C, Boxberger M, et al. In 341 

vitro testing of combined hydroxychloroquine and azithromycin on SARS-CoV-2 shows 342 

synergistic effect. Microb Pathog 2020;145:104228. 343 

https://doi.org/10.1016/j.micpath.2020.104228. 344 

[18] Saqrane S, El Mhammedi MA. Review on the global epidemiological situation 345 

and the efficacy of chloroquine and hydroxychloroquine for COVID-19 treatment. New 346 

Microbes and New Infections 2020;35:100680. https://doi.org/10.1016/j.nmni.2020.100680. 347 

[19] Belayneh A. Off-Label Use of Chloroquine and Hydroxychloroquine for 348 

COVID-19 Treatment in Africa Against WHO Recommendation. Research and Reports in 349 

Tropical Medicine 2020;11:61–72. https://doi.org/10.2147/RRTM.S269936. 350 

[20] Pavon AG, Meier D, Samim D, Rotzinger DC, Fournier S, Marquis P, et al. 351 

First Documentation of Persistent SARS-Cov-2 Infection Presenting With Late Acute Severe 352 

Myocarditis. Can J Cardiol 2020;36:1326.e5-1326.e7. 353 

https://doi.org/10.1016/j.cjca.2020.06.005. 354 

[21] Gajurel K. Persistently positive severe acute respiratory syndrome coronavirus 355 



16 

 

2 (SARS-COV2) nasopharyngeal PCR in a kidney transplant recipient. Transpl Infect Dis 356 

2020:e13408. https://doi.org/10.1111/tid.13408. 357 

[22] Khaddour K, Sikora A, Tahir N, Nepomuceno D, Huang T. Case Report: The 358 

Importance of Novel Coronavirus Disease (COVID-19) and Coinfection with Other 359 

Respiratory Pathogens in the Current Pandemic. Am J Trop Med Hyg 2020;102:1208–9. 360 

https://doi.org/10.4269/ajtmh.20-0266. 361 

[23] Xu K, Chen Y, Yuan J, Yi P, Ding C, Wu W, et al. Factors Associated With 362 

Prolonged Viral RNA Shedding in Patients with Coronavirus Disease 2019 (COVID-19). Clin 363 

Infect Dis 2020;71:799–806. https://doi.org/10.1093/cid/ciaa351. 364 

[24] Lagier J-C, Million M, Gautret P, Colson P, Cortaredona S, Giraud-Gatineau A, 365 

et al. Outcomes of 3,737 COVID-19 patients treated with hydroxychloroquine/azithromycin 366 

and other regimens in Marseille, France: A retrospective analysis. Travel Medicine and 367 

Infectious Disease 2020;36:101791. https://doi.org/10.1016/j.tmaid.2020.101791. 368 

[25] Francis R, Le Bideau M, Jardot P, Grimaldier C, Raoult D, Bou Khalil JY, et 369 

al. High-speed large-scale automated isolation of SARS-CoV-2 from clinical samples using 370 

miniaturized co-culture coupled to high-content screening. Clin Microbiol Infect 2020. 371 

https://doi.org/10.1016/j.cmi.2020.09.018. 372 

[26] La Scola B, Le Bideau M, Andreani J, Hoang VT, Grimaldier C, Colson P, et 373 

al. Viral RNA load as determined by cell culture as a management tool for discharge of 374 

SARS-CoV-2 patients from infectious disease wards. Eur J Clin Microbiol Infect Dis 375 

2020;39:1059–61. https://doi.org/10.1007/s10096-020-03913-9. 376 

[27] Amrane S, Tissot-Dupont H, Doudier B, Eldin C, Hocquart M, Mailhe M, et 377 

al. Rapid viral diagnosis and ambulatory management of suspected COVID-19 cases 378 

presenting at the infectious disease referral hospital in Marseille, France, - January 31st to 379 

March 1st, 2020: A respiratory virus snapshot. Travel Med Infect Dis 2020;36:101632. 380 



17 

 

https://doi.org/10.1016/j.tmaid.2020.101632. 381 

[28] Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-382 

time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 2001;25:402–8. 383 

https://doi.org/10.1006/meth.2001.1262. 384 

[29] Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler J, Abfalterer W, et al. 385 

Tracking Changes in SARS-CoV-2 Spike: Evidence that D614G Increases Infectivity of the 386 

COVID-19 Virus. Cell 2020;182:812-827.e19. https://doi.org/10.1016/j.cell.2020.06.043. 387 

[30] Colson P, Levasseur A, Gautret P, Fenollar F, Hoang VT, Delerce J, et al. 388 

Introduction into the Marseille geographical area of a mild SARS-CoV-2 variant originating 389 

from sub-Saharan Africa. Trav. Med. Infect. Dis. 2020; In press. 390 

[31] Bestle D, Heindl MR, Limburg H, Van Lam van T, Pilgram O, Moulton H, et 391 

al. TMPRSS2 and furin are both essential for proteolytic activation of SARS-CoV-2 in human 392 

airway cells. Life Sci Alliance 2020;3. https://doi.org/10.26508/lsa.202000786. 393 

[32] Matsuyama S, Nao N, Shirato K, Kawase M, Saito S, Takayama I, et al. 394 

Enhanced isolation of SARS-CoV-2 by TMPRSS2-expressing cells. Proc Natl Acad Sci U S A 395 

2020;117:7001–3. https://doi.org/10.1073/pnas.2002589117. 396 

[33] Mulay A, Konda B, Garcia G, Yao C, Beil S, Sen C, et al. SARS-CoV-2 397 

infection of primary human lung epithelium for COVID-19 modeling and drug discovery. 398 

BioRxiv 2020. https://doi.org/10.1101/2020.06.29.174623. 399 

[34] Mellott D, Tseng C-T, Drelich A, Fajtova P, Chenna BC, Kostomiris D, et al. A 400 

cysteine protease inhibitor blocks SARS-CoV-2 infection of human and monkey cells. 401 

BioRxiv 2020. https://doi.org/10.1101/2020.10.23.347534. 402 

[35] Yamamoto M, Kiso M, Sakai-Tagawa Y, Iwatsuki-Horimoto K, Imai M, 403 

Takeda M, et al. The Anticoagulant Nafamostat Potently Inhibits SARS-CoV-2 S Protein-404 

Mediated Fusion in a Cell Fusion Assay System and Viral Infection In Vitro in a Cell-Type-405 



18 

 

Dependent Manner. Viruses 2020;12. https://doi.org/10.3390/v12060629. 406 

[36] Tseng C-TK, Tseng J, Perrone L, Worthy M, Popov V, Peters CJ. Apical entry 407 

and release of severe acute respiratory syndrome-associated coronavirus in polarized Calu-3 408 

lung epithelial cells. J Virol 2005;79:9470–9. https://doi.org/10.1128/JVI.79.15.9470-409 

9479.2005. 410 

[37] Zhang Q, Bastard P, Liu Z, Le Pen J, Moncada-Velez M, Chen J, et al. Inborn 411 

errors of type I IFN immunity in patients with life-threatening COVID-19. Science 2020;370. 412 

https://doi.org/10.1126/science.abd4570. 413 

[38] Elhabyan A, Elyaacoub S, Sanad E, Abukhadra A, Elhabyan A, Dinu V. The 414 

role of host genetics in susceptibility to severe viral infections in humans and insights into 415 

host genetics of severe COVID-19: A systematic review. Virus Res 2020;289:198163. 416 

https://doi.org/10.1016/j.virusres.2020.198163. 417 

[39] Choi B, Choudhary MC, Regan J, Sparks JA, Padera RF, Qiu X, et al. 418 

Persistence and Evolution of SARS-CoV-2 in an Immunocompromised Host. N Engl J Med 419 

2020. https://doi.org/10.1056/NEJMc2031364. 420 

[40] Avanzato VA, Matson MJ, Seifert SN, Pryce R, Williamson BN, Anzick SL, et 421 

al. Case Study: Prolonged Infectious SARS-CoV-2 Shedding from an Asymptomatic 422 

Immunocompromised Individual with Cancer. Cell 2020;0. 423 

https://doi.org/10.1016/j.cell.2020.10.049. 424 

[41] Senegal says hydroxychloroquine virus treatment is promising n.d. 425 

https://medicalxpress.com/news/2020-04-senegal-hydroxychloroquine-virus-treatment.html 426 

(accessed November 26, 2020). 427 

[42] Roundup: Senegal to continue to treat COVID-19 patients with anti-malaria 428 

drugs: expert - Xinhua | English.news.cn n.d. http://www.xinhuanet.com/english/2020-429 

06/07/c_139119593.htm (accessed November 26, 2020). 430 



19 

 

[43] Colson P, Levasseur A, Gautret P, Fenollar F, Hoang VT, Delerce J, et al. 431 

MedRxiv 2020; doi: https://doi.org/10.1101/2020.12.23.20248758. 432 

[44] Arachchillage DRJ, Laffan M. Abnormal coagulation parameters are 433 

associated with poor prognosis in patients with novel coronavirus pneumonia. J Thromb 434 

Haemost 2020;18:1233–4. https://doi.org/10.1111/jth.14820. 435 

[45] Bowles L, Platton S, Yartey N, Dave M, Lee K, Hart DP, et al. Lupus 436 

Anticoagulant and Abnormal Coagulation Tests in Patients with Covid-19. N Engl J Med 437 

2020;383:288–90. https://doi.org/10.1056/NEJMc2013656. 438 

[46] High prevalence of Lupus Anticoagulant in Ambulatory COVID-19 patients: 439 

interest of Hydroxychloroquine ? – IHU n.d. https://www.mediterranee-infection.com/high-440 

prevalence-of-lupus-anticoagulant-in-ambulatory-covid-19-patients-interest-of-441 

hydroxychloroquine/ (accessed November 15, 2020). 442 

[47] Rainsford KD, Parke AL, Clifford-Rashotte M, Kean WF. Therapy and 443 

pharmacological properties of hydroxychloroquine and chloroquine in the treatment of 444 

systemic lupus erythematosus, rheumatoid arthritis and related diseases. 445 

Inflammatopharmacol 2015;23:231-69. https://doi.org/10.1007/s10787-015-0239-y. 446 

[48] Chhonker YS, Sleightholm RL, Li J, Oupicky D, Murry DJ. Simultaneous 447 

quantification of hydroxychloroquine and its metabolites in mouse blood and tissues using 448 

LC-ESI-MS/MS: An application for pharmacokinetic studies. J Chromatogr Analyt Technol 449 

Biomed Life Sci 2018;1072:320-7. https://doi.org/10.1016/j.jchromb.2017.11.026. 450 



20 

 

Table 1. Strains and patients information 

Patients 

number 

Strains Month of 

sampling 

Persistence Days of the lastest 

isolate after onset 

RT-PCR Ct 

values 

Treatment Clade GISAID access 

number             

Patient 1 IHUMI-11 March 2020 No NA 29 AZT 

HCQ 

20A/15324T IHUCOVID-0760 

Patient 2 IHUMI-15 March 2020 No NA 23 HCQ 20B IHUCOVID-0649 

Patient 3 IHUMI-240 March 2020 No NA 22 AZT 

HCQ 

20C-5 IHUCOVID-0152 

Patient 4 IHUMI-243 March 2020 No NA 29 AZT 

HCQ 

20A/15324T IHUCOVID-0762 

Patient 5 IHUMI-597 March 2020 No NA 20 / 20A/25563T IHUCOVID-0142 

 

Patient 6 

IHUMI-215 March 2020 Yes 8 23 AZT 

HCQ 

20A/25563T-1B IHUCOVID-756 

IHUMI-611 32,2 20A/25563T-1B 

 

Patient 7 

IHUMI-364 March 2020 Yes 4 21 AZT 

HCQ 

20A/15324T IHUCOVID-143 

IHUMI-599 29,1  

Patient 8 IHUMI-284 March 2020  

Yes 

4 30  20A/A0268G-2 IHU-0144 

IHUMI-538 20,5 AZT 20A/A0268G-2 

 

Patient 9 

IHUMI-713 March 2020  

Yes 

3 31 AZT 

HCQ 

20A/25563T-1 IHUCOVID-0272 

IHUMI-800 23,1 20A/25563T-1 
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Patient 

10 

IHUMI-684 March 2020  

Yes 

 

4 

21,6 AZT 

HCQ 

20A/25563T IHUCOVID-0147 

IHUMI-743 20,4 20A/25563T 

 

Patient 

11 

IHUMI-598 March 2020  

Yes 

 

4 

20,5 AZT 

HCQ 

20C-5 IHUCOVID-0151 

IHUMI-801 20,7 20C-5 

Patient 

12 

IHUMI-717 March 2020  

Yes 

2 21,2 AZT 

HCQ 

20B-1a IHUCOVID-0312 

IHUMI-742 19,1 20B-1a 

Patient 

13 

IHUMI-624 March 2020  

Yes 

2 16,1 AZT 

HCQ 

20A/25563T-1b  IHUCOVID-0749 

IHUMI-719 17,7  

Patient 

14 

IHUMI-288 March 2020  

Yes 

5 23 AZT 

HCQ 

20C-4 IHUCOVID-0752 

IHUMI-614 26  

Patient 

15 

IHUMI-880 April 2020  

Yes 

3 19 HCQ 20B IHUCOVID-°0641 

IHUMI-990 21,4 20B 

Patient 

16 

IHUMI-2122 July 2020 Unknown NA 17,8 AZT Marseille 1 IHUCOVID0976 

Patient 

17 

IHUMI-2123 July 2020 Yes NA 17,7 AZT 

HCQ 

Marseille 1 IHUCOVID0982 

Patient 

18 

IHUMI-2137 August 2020 Yes NA 14,7 AZT 

HCQ 

Marseille 5b IHUCOVID1329 

Patient 

19 

IHUMI-2177 August 2020 No NA 25,1 AZT Marseille 1A  
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Patient 

20 

IHUMI-2178 August 2020 Uknown NA 21,6 AZT 

HCQ 

Marseille 1A IHUCOVID1212 

NA : not applicable because only one strain was obtained 
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Figure legends 

Figure 1. Initial screening of the 31 selected SARS-CoV-2 isolates to a 

combination of hydroxychloroquine and azithromycin at 5 μM each. (1a) Difference 

observed between cells treated or not treated calculated by high-content screening for each 

strain. (1b) Effect of hydroxychloroquine and azithromycin association on SARS-CoV 2 

replication on selected isolates. Delta Ct between 0 and 48 h post infection. Ordered axis 

represents the variation of delta cycle-thresholds obtained by RT-PCR between H0 and H48 

for each condition. Each point represents data obtained for one well. Median and interquartile 

range were indicated for each condition. *** represent significant results under p < 0,0005. 

Others are not significant compared to the control  

 

Figure 2: Exploration of effect-dose curves of hydroxychloroquine. The range used 

from 25 μM to 0,39 μM tested on IHUMI-3, IHUMI-2122, IHUMI-2123, IHUMI-2137, 

IHUMI-2177 and IHUMI-2178 strains. 

Abbreviations : p.i, post-infection; HCQ, hydroxychloroquine ; μM, micromolar 

 

Figure 3: Phylogenetic tree of whole genomes from IHUMI strains including closely 

related genomes available from GISAID. Mutation scales are compared to the Wuhan 

reference genome. 


