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KEYWORDS Summary

Pharmacovigilance Introduction. — In the context of COVID-19 pandemic, a national pharmacovigilance survey was
survey; set up in March 2020. The purpose of this survey was to ensure continuous monitoring of adverse
Drug safety; drug reactions (ADRs) in patients with COVID-19, not only related to the drugs used in this
COVID-19 indication but also related to all drugs administered to these patients or suspected of having

promoted the infection.

Material and methods. — This descriptive study was based on data extracted from the French
Pharmacovigilance Database from 1 January 2020 to 30 September 2021. Misuse was also anal-
ysed through the MESANGE project. The ADRs were classified according to three groups: ‘‘drugs
used to treat COVID-19”’, *‘other drugs administered to COVID-19 positive patients’’ and ‘‘drugs
suspected of having promoted COVID-19’’. The data were also presented according to 2 periods
(period one was from January to June 2020 and period two from July 2020 onwards).

Results. — Among 2189 included cases, 67.1% were serious. Cases were mainly related to “‘other
drugs administrated to COVID-19 positive patients’’ (58.5%) followed by ‘‘drugs used to treat
COVID-19°’ (33.7%) and *‘drugs suspected of having promoted COVID-19’’ (7.8%). Drugs used
to treat COVID-19 and their main safety profile were different depending on the period:
mostly hydroxychloroquine (51%) with heart injury and lopinavir/ritonavir (42%) with liver
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Abbreviations

ADRs
ANSM

adverse drug reactions
French Health Agency

COVID-19 coronavirus disease 2019
human immunodeficiency virus

HIV

injury for the first period, and dexamethasone (46%) with hyperglycemia and tocilizumab (28%)
with liver injury for the second period. The drugs suspected of worsening COVID-19 differed
in both periods especially for non-steroidal anti-inflammatory drugs mainly reported in period
1 (41.5% versus 8.2% in period 2). Other immunosuppressive drugs were in the majority in the
second period (85.7%), with mainly methotrexate (15.3%), anti-CD20 (15.3%) and anti-TNF alpha
(10.5%). No confirmed safety signal was identified among other drugs administered to patients
with COVID-19. The profile of ADRs and suspected drugs was similar between the 2 periods. The
study of misuse in outpatient settings identified in both periods mainly hydroxychloroquine,
azithromycin, ivermectin and zinc £ vitamin C.

Discussion. — This survey, based on real-time pharmacological and medical assessment of ADRs
and weekly meetings in a specific national committee, made it possible to identify relevant
safety signals which contribute to patient care with no delay. The main safety signal highlighted
was serious cardiac damage under hydroxychloroquine, alone or combined with azithromycin
and also with lopinavir/ritonavir. This signal has contributed to the evolution of the recom-
mendations for these 2 drugs. The methodology of this survey has been taken over and is still
going on for the pharmacovigilance monitoring of vaccines against COVID-19, for monoclonal
antibodies used against COVID-19 and also for Paxlovid® (nirmatrelvir/ritonavir) which benefit
from dedicated surveys.

© 2023 Société francaise de pharmacologie et de thérapeutique. Published by Elsevier Masson
SAS. All rights reserved.

[MERS-CoV]). As early as February 2020, specific pharma-
codynamic data on SARS-CoV2 were available;

¢ antimalarial drugs chloroquine and its derivative hydrox-
ychloroquine, mainly used for its anti-inflammatory
activity, for their potential antiviral action with in vitro
data available for SARS-CoV and MERS-CoV. In vitro data
for SARS-CoV2 were available in February 2020 for chloro-
quine and in March 2020 for hydroxychloroquine;

MedDRA Medical Dictionary for Regulatory Activities
MERS-CoV Middle East respiratory syndrome coronavirus

NSAID  non-steroidal anti-inflammatory drug

RPVC  French Regional Pharmacovigilance Centres

SARS-CoV-2 severe acute respiratory syndrome coronavirus
2

SD standard deviations

TNF tumor necrosis factor

Introduction

COVID-19 pandemic was an exceptional health situation on
many different levels: first, a new virus (SARS-CoV2) has
been identified; second, different clinical pictures have
emerged; and third, no effective drug assessed by clinical
trials was available.

In France, several drugs were used to manage this
emergent infectious disease in the early period, follow-
ing recommendations proposed by the French Public Health
Council on 5 and 23 March 2020 [1], including:

e antiviral remdesivir, a nucleotide analogue prodrug devel-
oped for treating Ebola-related diseases and for which
data were available for other coronaviruses (SARS-
CoV and Middle East respiratory syndrome coronavirus

e protease inhibitors lopinavir and ritonavir, used in combi-
nation since the early 2000s in the treatment of human
immunodeficiency virus (HIV) and for which data have
been available for other coronaviruses (SARS-CoV and
MERS-CoV);

¢ immunomodulators such as anti-Il6 (tocilizumab in partic-
ular) in connection with their potentially beneficial action
in treating cytokine release syndromes.

On the 26 March 2020, after assessment of safety data
reported by health professionals, the network of 31 French
Regional Pharmacovigilance Centres (RPVCs) was able to
alert the National Agency for the Safety of Medicines
and Health Products (ANSM) on the occurrence of two
serious cases of cardiovascular adverse drug reactions
(ADRs) reported with hydroxychloroquine, associated with
azithromycin in one case. A national pharmacovigilance sur-
vey was officially set up on the 27 March. The purpose of
this survey was to ensure continuous monitoring of ADRs in
patients with COVID-19 (non-clinical trials), not only related
to the drugs used in this indication but also, more broadly,
related to all drugs administered to these patients or sus-
pected of having promoted the infection. The data were
initially analysed daily, then weekly, and discussed in a spe-
cific ANSM committee bringing together representatives of
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the RPVCs and ANSM. The aim of this committee was to iden-
tify potential safety signals, consider the measures to be
taken, and propose to alert health professionals and patients
if necessary. The data discussed were from the pharma-
covigilance survey (i.e., spontaneous notifications), clinical
trials conducted in France, the French Centres for Evaluation
and Information on Drug Dependence and Addictovigilance,
the French Poison Control and Toxicovigilance Centres, and
any other relevant source (literature, European Medicines
Agency, etc.) [2]. The survey reports and a summary docu-
ment were publicly available on the ANSM website [3].

We present here the main results of this ongoing survey.

Material and method

Data were extracted from the French Pharmacovigilance
Database, including all ADRs reported and pharmacologi-
cally validated by the 31 RPVCs from 1 January 2020 to 30
September 2021. Extractions were done daily for the first
three months and then every week.

The relationship between and ADRs and a drug was
assessed using the French pharmacovigilance causality
assessment method [4,5]. The seriousness of each case was
recorded according to the regulatory definition [6]. ADRs
were coded according to the Medical Dictionary for Regula-
tory Activities (MedDRA).

The cases were identified in the database under the fol-
lowing conditions: narrative including the words « COVID » or
«SARS », or ADRs coded in the high level term « Coronavirus
infections », or at least one drug having an indication for
coronavirus or COVID-19 disease or medical history including
coronavirus or COVID disease.

Exclusion criteria were cases where COVID-19 was ruled
out, and cases related to a COVID-19 vaccine since a dedi-
cated survey had been initiated in December 2020.

Misuse analysis was also based on data collected from the
MESANGE study [7]. This study aimed to implement a simple
system for collecting data on drug misuse from pharmacies
in Burgundy and Franche-Comté. The collection was subse-
quently extended to the whole of France in the context of
the COVID-19 pandemic.

A pharmacovigilance specialist manually screened all
cases. Cardiac ADRs were specifically assessed by an expert
RPVC, and all other ADRs by another specific expert RPVC.

The cases were classified according to three groups:
**drugs used to treat COVID-19’’, “‘other drugs administered
to COVID 19 positive patients’’, and ‘‘drugs suspected of
having promoted COVID-19’’.

The data were also presented according to 2 periods
(period 1 is from January to June 2020 and period 2 from
July 2020 onwards) in view of the changes in the recommen-
dations for the therapeutic management of patients with
COVID-19 published by the French Public Council on 23 July
2020 [8].

Results

As of 30 September 2021, 2189 cases were included, of which
67.1% were serious. Most reporters were health professionals

(98.1%) of public hospitals (96.0%). Only 4.5% of the cases
were transmitted through the Ministry of Health portal.

Following the three groups of drugs, cases were mainly
related to ‘‘other drugs administrated to COVID-19 posi-
tive patients’’ (58.5%) followed by ‘‘drugs used to treat
COVID-19”’ (33.7%) and ‘‘drugs suspected of having pro-
moted COVID-19"’ (7.8%).

The number of cases received per week was higher in the
first two months of the survey. The evolution of the number
of cases received is presented in Fig. 1.

The patients were predominantly male, with a
male/female ratio of 1.6. The global mean age was
64.2 years+17.1. The main characteristics of cases are
detailed in Table 1.

Drugs used to treat COVID-19

Detail of drugs administered to treat COVID-19 is shown in
Fig. 2.

When compared, suspected drugs used to treat COVID-19
were different between periods 1 and 2, before and after
July 2020.

In period 1, among the 521 included cases, hydroxy-
chloroquine was the main suspected drug (found in 272
cases, 51% of suspected drugs), alone (84 cases) or in most
cases associated with azithromycin (151 cases). The sec-
ond most common drug reported was lopinavir/ritonavir
(found in 222 cases, 42% of suspected drugs), mainly alone
(175 cases). The remaining 7% was concerned tocilizumab
(15 cases), azithromycin alone (13 cases) and remdesivir (9
cases).

In period 2, among the 216 included cases, the main
suspected drugs were corticosteroids, especially dexam-
ethasone (found in 124 cases, 46% of suspected drugs),
followed by tocilizumab (63 cases, 28% of suspected drugs).
Hydroxychloroquine was reported in 19 cases (9%), and
remdesivir in 16 cases (7%). The remaining 10% were mainly
macrolide antibiotics (15 cases), zinc (in 13 cases, usually
with hydroxychloroquine), and ivermectin (2 cases).

ADRs reported were different depending on the impli-
cated drug. Cardiac disorders were found in 58% of cases
related to hydroxychloroquine, including 8 cases with fatal
outcome and in 13% of cases related to lopinavir/ritonavir.

Hepatic disorders represented 43% of ADRs related
to lopinavir/ritonavir but were also reported in 29% of
tocilizumab cases, 22% for remdesivir, 12% for dexametha-
sone and 11% for hydroxychloroquine.

Some ADRs were more specific. Thus, ADRs were mainly
cutaneous for remdesivir (30%), hyperglycaemia for dex-
amethasone (61%), thromboembolic events and coagulation
disorders for tocilizumab (12% and 6% respectively). Renal
adverse reactions were identified for lopinavir/ritonavir in
6.8% of cases and were closely monitored.

Of note, lopinavir plasma overdose was reported in 32.3%
of the cases with ADRs mainly hepatic (45%) and digestive
(20%) but also with no symptom (9%).

Drugs suspected of having promoted COVID-19

One hundred and seventy cases of drugs suspected of having
promoted COVID-19 were identified, including 30 with a fatal
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Figure 1.

Table 1

Evolution of the number of cases.

Main characteristics of the cases.

Drugs used to
treat COVID-19

Other drugs administered to
COVID-19 positive patients

Drugs suspected of having
promoted COVID-19

Number of cases (% serious)
Sex: ratio men/women

Age: mean (years) = SD
Period 1: n (% serious)

Period 2: n (% serious)

Period unknown: n (% serious)

737 (65.3%)
1.8
63.3+£15.6
521 (70.2%)
216 (53.2%)
0

1284 (65.4%)
1.5
66.3+17.4
477 (61.2%)
807 (67.9%)
0

170 (88.2%)
1.5
53.6+£16.9
118 (93.2%)
49 (81.6%)
3 (0%)

COVID: coronavirus disease; SD: standard deviation.

outcome. The cases were mainly notified during period 1
(118 cases, 69.4%).

Some differences were found concerning suspected
drugs, especially for non-steroidal anti-inflammatory drugs
(NSAID), mainly reported in period 1: 49 cases (41.5%) versus
4 cases in period 2 (8.2%).

We found 124 different molecules reported in the
94 cases of ‘‘other immunosuppressive drugs’’, mainly
methotrexate (15.3%), anti-CD20 (15.3%) and anti-TNF alpha
(10.5%).

The ‘‘other drugs’’ involved sitagliptin (4 cases), drugs
used to treat COVID-19 (lopinavir/ritonavir, hydroxychloro-
quine or remdesivir) (4 cases) and papillomavirus vaccine (1
case). Details are presented in Table 2.

Other drugs administered to COVID-19 positive
patients

Among the 1284 cases of ADRs of other drugs administered
to COVID-19 positive patients, 840 (65.4%) were serious,
including 60 with a fatal outcome.

The profile of ADRs and suspected drugs was similar
between the 2 periods. The 10 most frequently suspected
drugs were: antibiotics (476 cases, 37.1%), anticoagulants
(309 cases, 24.1%), immunosuppressants (97 cases, 7.6%),
proton pump inhibitors (64 cases, 5.0%), anaesthetics and
neuroleptics (51 cases each, 4.0%), analgesics (48 cases,
3.7%), iodinated contrast media (47 cases, 3.7%), antifungals
(39 cases, 3.0%) and antidepressants (37 cases, 2.9%).

ADRs were mainly cutaneous (27.4% of cases) and haema-
tological (21.0% of cases). Other ADRs reported in more than
5% of cases were haemorrhages (9.6%), hepatic disorders
(8.9%) and neurological disorders (7.3%). With regard to the
suspected drugs, ADRs were expected in most cases.

Misuse

A focus on the misuse of medicines in outpatient setting in
the pandemic context was carried out. Most identified drugs
are detailed in Table 3. Drugs in bold appear in both periods.
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m hydroxychloroquine alone

# hydroxychloroquine + other association
7 lopinavir/ritonavir + other drug

m remdesivir
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12%

3%

9%
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hydroxychloroquine + azithromycin
m |opinavir/ritonavir
® tocilizumab
m corticosteroid alone

22%

Figure 2.  Distribution of cases of ADRs related to drugs used to treat COVID-19 since the beginning of the survey (n=737 cases). ADRs:

adverse drug reactions

Table 2 Drugs suspected of worsening COVID-19.

Period 1 (n=118 Period 2 (n=49 Period unknown

cases) cases) (n=3 cases)
Non-steroidal anti-inflammatory drugs 49 (41.5%) 4 (8.2%) 0
Corticosteroids 34 (28.8%) 14 (28.6%) 0
Other immunosuppressive drugs 49 (41.5%) 42 (85.7%) 3 (100%)
Other drugs 8 (6.8%) 1 (2%) 0
COVID: coronavirus disease.
Table 3 Identified misused drugs.

Period 1 Period 2

Drugs

Azithromycin alone

Chloroquine

Colloidal silver
Hydroxychloroquine =+ azithromycin
Ivermectin

Nicotine replacement products
Zinc =+ vitamin C

Azithromycin alone

Colchicine

Hydroxychloroquine =+ azithromycin
Ivermectin

Vitamine D

Zinc + vitamin C
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Discussion

This work presents a status report on the pharmacovigilance
survey set up at the beginning of the COVID-19 pandemic.
The objective of this survey, which is still ongoing, is to mon-
itor the safety profile of medicines used in the context of the
pandemic, outside clinical trials.

A pharmacovigilance survey, under good pharmacovigi-
lance practice, is a retrospective or prospective evaluation
of available safety data to identify potential safety signals,
validate them and/or characterise them [9]. This survey was
subject to a specific methodology adapted to the pandemic
context [2].

The evolution of the number of notified cases has fol-
lowed the growth of the pandemic in France [10] but with
more cases reported during the first weeks.

The profile of the cases analysed was different between
the two defined periods.

Regarding the cases related to drugs used to treat COVID-
19: the significant difference observed between the two
periods was expected since directly linked to the evolu-
tion of the recommendations. Thus, hydroxychloroquine
and lopinavir/ritonavir were the drugs most widely found
in the first few weeks of the survey. A safety signal was
quickly highlighted in this period related to serious car-
diac damage under hydroxychloroquine, alone or combined
with azithromycin and also with lopinavir/ritonavir [11].
This signal was the subject of a first communication by
the ANSM on 30 March 2020 [12]. In light of the data
progressively collected on the putative benefit, the High
Council of Public Health, in its report published on 24
May, advised against its use in outpatients or hospitalised
patients, whatever the severity [13]. The decree authorising
hydroxychloroquine and lopinavir/ritonavir use in COVID-
19, outside of clinical trials, was repealed on 26 May
2020.

Although most adverse events were expected, this survey
found a difference in the safety profile for hydroxychloro-
quine and also for lopinavir/ritonavir in patients managed
for COVID-19 compared to their historical indications. For
hydroxychloroquine, COVID-19 patients presented more car-
diac disorders, especially QT interval prolongation, resulting
from an interaction with azithromycin in more than 20% of
cases. Hepatobiliary disorders were also significantly more
frequent [14]. For lopinavir/ritonavir, patients with COVID-
19 presented significantly more damage to the liver, heart
and kidneys [15]. The ADRs reported before the pandemic
(historic indications) were mainly gastrointestinal and cuta-
neous.

In the second period, dexamethasone was mainly
reported. The increase in its use being linked to data on
its effectiveness [8], as well as tocilizumab. No safety signal
was confirmed in this second period. However, thromboem-
bolic events and coagulation disorders have been identified
as ADRs of concern for tocilizumab and are still closely mon-
itored.

More cases of drugs suspected of having promoted COVID-
19 were reported at the beginning of the survey. This is
probably related to the novelty of the disease and the lack
of identified risk factor at the beginning. The profile of the
suspected drugs also varied, with more NSAID-related cases
in the first few weeks. This signal has been the subject of a

dedicated survey, several communications and publications
[16,17]. The number of reported cases declined rapidly in
line with the decrease use of NSAIDs during the pandemic,
probably as a result of the recommendations [18].

For other drugs administered to COVID-19 positive
patients, no significant difference was found between the
two periods, and no safety signal has been confirmed to
date. Potential signals identified in the literature were
closely monitored, including heparin-induced thrombocy-
topenia [19] and potential adverse events related to possible
overuse of paracetamol, with no confirmed signal up to date.

The focus on misuse in outpatients highlighted some
drugs (hydroxychloroquine, ivermectin, vitamin D, zinc)
from the first weeks until now, despite the extensive sci-
entific evidence of their lack of efficacy and deleterious
safety profile. Some drugs have been reported only on very
short period (nicotine replacement products, colloidal sil-
ver), reflecting media rumours on supposed efficacy, rapidly
discredited.

The strength of this survey is the rapidity with which it
was set up and the adaptability of the methodology to the
pandemic context. Monitoring was initially very broad, cov-
ering all drugs administered to COVID-19 positive patients,
then it was subsequently adapted to practice and then lim-
ited to drugs administered to treat COVID-19 in the absence
of signal needed to be followed up for other situations.
Signal detection continues through the usual pharmacovigi-
lance procedures. Data transparency should also be noticed
as it contributes to the information and confidence of
patients and health professionals.

The main limitation of this study is under-reporting, like
all pharmacovigilance studies. A notoriety bias could not
be excluded, but probably limited at the beginning of the
pandemic.

Conclusion

This exceptional pandemic has been a fantastic situation to
demonstrate the adaptability of the French pharmacovig-
ilance system, which is based on the direct reporting of
ADRs by healthcare professionals and patients to clinical
pharmacologists from the RPVCs. Identification of relevant
safety signals has been possible by real-time pharmacolog-
ical and medical analysis by RPVC pharmacologists, which
contributes to a rapid and qualitative patient care. The
methodology of this survey has been taken over and is
still going on for the pharmacovigilance monitoring of vac-
cines against COVID-19 [20], for monoclonal antibodies
used against COVID-19 and also for Paxlovid® (nirma-
trelvir/ritonavir) which benefit from dedicated surveys.
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