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Summary

Non-steroidal anti-inflammatory drugs (NSAIDs) have an optional prescription status that has
resulted in frequent use, in particular for the symptomatic treatment of fever and non-rheumatic
pain. In 2019, a multi-source analysis of complementary pharmacological data showed that using
NSAIDs in these indications (potentially indicative of an underlying infection) increases the risk of
a severe bacterial complication, in particular in the case of lung infections. First, the clinical
observations of the French Pharmacovigilance Network showed that severe bacterial infections can
occur even after a short NSAID treatment, and even if the NSAID is associated with an antibiotic.
Second, pharmacoepidemiological studies, some of which minimized the protopathic bias, all
converged and confirmed the risk. Third, experimental in vitro and in vivo animal studies suggest
several biological mechanisms, which strengthens a causal link beyond the well-known risk of
delaying the care of the infection (immunomodulatory effects, effects on Streptococcus pyogenes
infections, and reduced antibiotics efficacy). Therefore, in case of infection, symptomatic treatment
with NSAIDs for non-severe symptoms (fever, pain, or myalgia) is not to be recommended, given a
range of clinical and scientific arguments supporting an increased risk of severe bacterial
complication. Besides, the existence of a safer drug alternative, with paracetamol at recommended
doses, makes this recommendation of precaution and common sense even more legitimate. In 2020,
such recommendation is more topical than ever with the emergence of COVID-19, especially since
it results in fever, headaches, muscular pain, and cough, and is further complicated with
pneumopathy, and given experimental data suggesting a link between ibuprofen and the level of

expression of angiotensin-converting enzyme 2.
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Abbreviations

ACE?2: angiotensin-converting enzyme 2

ANSM: National Agency for the Safety of Medicines and Health Products

COX-2: inducible cyclooxygenase

CRPV: Regional Pharmacovigilance Centers

NSAIDs: non-steroidal anti-inflammatory drugs

TNF-a: tumor necrosis factor-a

Non-steroidal anti-inflammatory drugs (NSAIDs) form a large heterogeneous pharmacological
family, but they all have one thing in common, the inhibition of one of the two cyclooxygenases.
These enzymes are involved in the cascade of arachidonic acid, which leads to a decrease in the
synthesis of prostaglandins. Their main indication was rheumatic pain of inflammatory origin, but
now their use goes far beyond this indication. If for a few decades their prescription has decreased
because of their poor safety profile, in particular in the elderly, their status as an optional
prescription medication or over the counter has resulted in an increase in their use, in particular for
fever and non-rheumatic pain. The mechanism of action explains their most frequent serious
adverse effects (digestive disorders, such as gastritis, or digestive ulcer complicated by bleeding,
and renal disorders, such as acute renal failure in patients at risk), which are often a cause of
hospitalization [1]. These adverse effects have been known for a long time and are most often

preventable, if their risk factors are taken into account [2].



More recently, other risks specifically related to their use in fever or non-rheumatic pain
(that is symptoms of a potential underlying infection) have been highlighted. Thus, an increased risk
of progression towards necrotizing fasciitis, when taking an NSAID in case of skin infection, was
mentioned as soon as 1995 with the publication of a series of 14 cases of necrotizing fasciitis that
occurred in children with varicella, 35% of whom had been exposed to ibuprofen [3]. The alert
drove the Food and Drug Administration to issue a warning against the use of NSAIDs during
varicella. Subsequently, several pharmacoepidemiological studies showed that taking NSAIDs
(ibuprofen in particular) in case of cutaneous infection in patients with varicella could promote the
occurrence of necrotizing fasciitis [4—6]. In 2004, France thus advised against the use of NSAIDs in

case of varicella.

In 2015, the French Regional Pharmacovigilance Centers (CRPVs) collected and assessed
several clinical observations of a severe, sometimes fatal, bacterial infection in patients, who took
an NSAID for a fever or a pain associated with a bacterial infection. These cases led the National
Agency for the Safety of Medicines and Health Products (ANSM) to request a new expert report to
the CRPVs, following the previous report in 2002. This new report (presented in 2016) has resulted
in the emergence of a signal for severe pulmonary infections, as well as proposals of information
and action [7,8]. In 2018, new observations of serious adverse effects led to a third
pharmacovigilance report that focused on severe bacterial complications with ibuprofen and
ketoprofen, used for fever or non-rheumatic pain. This last report (presented in 2019) enabled to
consolidate the signal, on the basis of the analysis of pharmacovilance cases, and recent
pharmacoepidemiological and experimental studies [9-11]. The level of evidence led the ANSM to
share the signal with its European counterparts to initiate a collective analysis (in progress as of
April 2020), and to communicate about the aggravating role of NSAIDs in the event of bacterial
infection as soon as April 2019 [12]. It was then reminded to favor the use of paracetamol in case of

pain or fever, in particular for a common bacterial infection, such as angina, nasopharyngitis, otitis,



cough, pulmonary infection, skin lesion or varicella, notably in self-medication. In front of the early
clinical manifestations of COVID-19 (fever, headache, muscle pain, and cough) and its further
aggravation towards pneumopathy [13], the information regarding the risks of NSAIDs was
renewed when the epidemic started, and was widely relayed to the general public and health

professionals [14,15].

Therefore, the objective of this paper is to summarize the current state of knowledge that

justifies to avoid NSAIDs in case of symptoms suggestive of a COVID-19 infection.

Clinical data from French Pharmacovigilance Network

The 2019 CRPVs report integrates the medical and pharmacological analysis of all the clinical
observations collected and assessed by the French Pharmacovigilance Network. The analysis was
conducted by two experts (APJB and JM), and focused in particular on elements of anamnesis,
chronology, and clinical descriptions [9-11]. There were 124 cases of acute complicated
community-acquired pneumonia (103 cases with purulent pleurisy, 5 cases with pulmonary abscess,
4 cases with sepsis, 2 cases with purulent pericarditis, 2 cases with focus of necrosis), where the
role of an NSAID was suspected (113 cases with ibuprofen and 11 cases with ketoprofen). The
clinical characteristics of these cases are particularly illustrative of the severity of the complications.
Patients were children in half of the cases (63/124 cases), often young (30% of infants), or young

adults (median age 37 years for ibuprofen and 45 years for ketoprofen), and had no risk factor or



co-morbidities (exclusion criterion). The median duration of NSAID therapy before hospitalization
was short (4 days for ibuprofen and 2 days for ketoprofen). The most frequent reasons for taking or
prescribing ibuprofen were febrile pulmonary symptoms such as cough and dyspnea (33% of the
cases), fever (21% of the cases), influenza-like illness (13% of the cases), and pneumonia (6 % of
cases). In about 1/3 of the cases (39/113 cases for ibuprofen and 0/11 cases ketoprofen), an
antibiotic therapy was associated with the NSAID, either at the same time or shortly after, but
before hospitalization. In most cases, it was community-acquired pneumococcal pneumonia (73%
of cases) while streptococcal infections came second (Streptococcus pyogenes or other). Deaths

(4/124 cases) always concerned adults.

Pharmacoepidemiological data

French as well as foreign teams (United States, United Kingdom, and Poland) conducted studies in
children or adults with bacterial or viral pulmonary infections, which allowed to assess the risk in
various real-life settings [16]. All the studies converge and confirm that NSAID exposure in case of
pulmonary infections increases the risk of severe pulmonary complications (Table 1) [17-24], with
odds ratio ranging from 1.94 to 8.1, as detailed in the 2019 CRPVs report [9] and the reviews of

Voiriot et al. [25,26].

It should be noted that in the issue of NSAIDs and infections, an important limitation of
pharmacoepidemiological studies is due to protopathic bias, since exposure to the drug of interest
(NSAID) may be linked to the first symptoms of the outcome of interest (fever or pain due to the
onset of a pulmonary complication). Thus, the risk is to wrongly suspect the NSAID whereas it is

just an early marker of the onset of the complication. Interestingly, the French study carried out by



Le Bourgeois et al. was specifically designed to minimize the protopathic bias as well as certain
confounding factors [22]. More precisely, this matched case-control study, conducted in 15 French
pediatric departments, included children with acute respiratory viral infections, in order to study the
risk of developing empyema in the following 15 days. To minimize the protopathic bias, children
were excluded if they did not have a minimum of 24 hours of apyrexia between the end of the
symptoms of the viral infection and the diagnosis of empyema, or if there were less than 72 hours
between the onset of the viral infection and the diagnosis of empyema. NSAID exposure was
defined as the use of an NSAID by prescription or self-medication starting within 72 hours of the
onset of the viral infection and before apyrexia, or during the corresponding time window for the
matched control (Fig. 1). To minimize the confounding factors related to physician practices or
geographic location, the cases and matched controls came from the same source population, and
were recruited by the same physician. Finally, 83 cases of empyema, among which 32 had been
exposed to ibuprofen, were compared to 83 matched controls, among which 21 had been exposed to
ibuprofen, and 1 to ketoprofen. The study found an increased risk of empyema as of the first day of
NSAID exposure (adjusted odds ratio: 2.79, 95% confidence interval: 1.40-5.58), but not with
paracetamol (conditional odds ratio: 1.53, 95% confidence interval: 0.83-2.82), and a decreased risk

with 6 days of antibiotic exposure.

The significance of these results was underlined by Professor Paul Little from the University
of Southampton [27], the principal investigator of the Pragmatic trial of Ibuprofen, Paracetamol and
Steal, and the Internet Doctor Trial. The Pragmatic trial of Ibuprofen, Paracetamol and Steal was
conducted in primary care on 889 patients with respiratory tract infection, to assess different
symptom management strategies (paracetamol, ibuprofen, or both, and inhalations). It showed that
new consultations for a progression of the symptoms and for complications of the initial pathology
were more frequent in the ibuprofen group [28]. The Internet Doctor Trial was conducted on 3044

patients, to assess personalized advice on the management of respiratory infections delivered via an



interactive website. It also highlighted a poor control of severe symptoms in the ibuprofen group

[29].

Experimental data and pharmacological plausibility

Experimental in vitro and in vivo animal studies suggest several biological mechanisms involved in
the deleterious effect of NSAIDs in case of an infection (in particular immunomodulatory effects,
effects on Streptococcus pyogenes infections, and reduced antibiotics efficacy), which supports the
existence of a causal link between NSAIDs and complications. The causal link thus goes beyond the
well-known effect of eliminating symptoms of inflammation (fever, pain, and edema) by NSAIDs,
which can lead to a delay in the appropriate therapeutic management of infections (in particular the
initiation of antibiotic therapy as soon as possible), and allow complications to develop. This effect
is probably marginal as both clinical and experimental data show an aggravation of bacterial

infections, even in case of antibiotic therapy associated with NSAIDs.

Immunomodulatory effects of NSAIDs

Basic research studies suggest that NSAIDs disrupt the resolution of the inflammatory process

[30,25,26]. Schematically, the immunomodulatory effects of NSAIDs are biphasic:



1) In the initial phase, the synthesis of eicosanoids (prostaglandins E2, prostacyclin, or
leukotriene B4) is inhibited by NSAIDs, which limits locoregional recruitment of
neutrophils at the site of infection, and disturbs their intrinsic properties (adhesion,
degranulation, oxidative stress, and phagocytosis). Consequently, NSAIDs could alter the
capacity of antibacterial immune defenses, and promote the regional spread of the infection
despite the administration of appropriate antibiotic therapy. Interestingly, earlier studies had
also highlighted the important role of prostacyclin as a protective prostaglandin regulating
capillary permeability, thus minimizing the inflammatory response to tumor necrosis factor-
o (TNF-a) [31,32].

2) In the late phase, inhibition by NSAIDs of inducible cyclooxygenase (COX-2) blocks the
class switch of lipid mediators, preventing the local release of the mediators specialized in
the resolution of inflammation (lipoxins, resolvins, and protectins). The recruitment of
macrophages, necessary for the clearance of apoptotic neutrophils, is impacted, which could

promote the sustainability of the locoregional inflammatory reaction.

The hypothesis of the 2-phase effect of NSAIDs has already been shown on a mouse model of
chemically induced acute lung injury [33]. In this study, prior drug inhibition of COX-2 was
associated with less pulmonary recruitment of neutrophils in the initial phase, and increased
inflammation from the 48" hour and prolonged beyond, contributing to delayed healing of animals.

These late effects of COX-2 have been found in other animal models [34,35].

Other studies suggest that NSAIDs could also affect the severity of bacterial infections
through several mechanisms, such as an increase in the production of inflammatory cytokines
(TNF-a, interleukin-1, and interleukin-6) [36-38,34,35,30]. It can also be noted that profens, in

particular ibuprofen, inhibit the fatty acid amide hydrolase (the enzyme that degrades anandamide,



one of the main mediators of the endocannabinoid system), while endocannabinoids are mentioned

in the aggravation of infections, and especially sepsis [39—43].

Effects of NSAIDs on Streptococcus pyogenes infections

Several studies have also shown an effect of NSAIDs, in particular ibuprofen, on the spread of
Streptococcus pyogenes infection [44—46]. Even if the role of NSAIDs was assessed in another type
of infection (severe soft tissue infections), the results are particularly enlightening, and can probably

be extrapolated to pulmonary infections.

The study by Weng et al. [44] focused on mice inoculated with Streptococcus pyogenes by
the intramuscular route. The groups compared consisted of 14 mice treated with 50 mg/kg/day of
oral ibuprofen in 3 doses for 7 days, and 12 mice treated with physiological serum. The main results
were higher mortality at 10 days (72% versus 0%, p <0.001), more infiltration of macrophages and
extensive tissue damage, as well as higher tissue concentrations of interleukin-6 (p = 0.0001) and

TNF-a (p = 0.001) in mice treated with ibuprofen.

In the study of Hamilton et al. [45], an NSAID (ketorolac tromethamine, ibuprofen, or
indomethacin) was given 1 hour after inoculating the mice with Streptrococcus pyogenes, and 7
hours before administrating antibiotics. Both NSAIDs and antibiotics (penicillin or clindamycin)
were continued for 72 hours. The control group did not receive NSAIDs. In the study, NSAID
exposure increased the severity of the infection and accelerated the death of mice. When combined
with antibiotic therapy, the NSAID reduced or delayed its efficacy. Again, this study does not

support the hypothesis that the use of an NSAID in the event of a bacterial infection would delay
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the diagnosis and the antibiotic treatment, but is in favor of a specific effect of NSAIDs, which

would increase the severity of Streptococcus pyogenes infections.

Finally, studies on models of muscle injury have shown that ibuprofen impairs muscle
regeneration, which increases the expression of vimentin, a protein responsible for the adhesion of

Streptococcus pyogenes, and thus facilitates its proliferation [47—49].

Although accumulating evidence support the existence of a deleterious effect of NSAIDs in case of
an infection in several settings, there are currently no clinical studies demonstrating that such risk
applies in case of COVID-19. However, mechanistic arguments suggest that taking an NSAID for

symptoms suggestive of COVID-19 may be more harmful than beneficial.

On the one hand, a study assessed the effect of ibuprofen on cardiac fibrosis in a rat model
of diabetes, and showed that ibuprofen increases the level of expression of angiotensin-converting
enzyme 2 (ACE2) [50]. However, in COVID-19, the level of expression of ACE2 could play a
major role. ACE2 seems to be the gateway for SARS-CoV-2 to enter the human body, by acting as
a receptor for SARS-CoV-2 [51-53]. Some in vitro studies have found a positive correlation
between the level of expression of ACE2 and the risk of coronavirus infection [54]. Although the
exact role of NSAIDs remains to be clarified, this suggest a potentially deleterious action during the

viral contamination phase of COVID-19 [55].

On the other hand, current evidence suggests that the immune responses induced by SARS-

CoV-2 infection are two-phased. During the incubation and non-severe stages, an immune response

11



is required to eliminate the virus and prevent progression to severe stages [56], a defense
mechanism that NSAIDs may block. During the severe phase, lung damage seems to be related to
an acute immune reaction and a cytokine storm, which may raise the question of using anti-
inflammatory drugs at this stage [57,58,56]. It should be noted that a French clinical trial was
announced, whose objective is to assess the efficacy of naproxen, in addition to the standard care
currently used in intensive care units, on all-cause mortality at 30 days [59,60]. This clinical trial is
based on basic research studies that suggest a dual effect of naproxen, with an antiviral effect shown
on the influenza virus [61,62], in addition to its well-known anti-inflammatory effect. Designed and
powered primarily on an efficacy objective (with 584 patients randomized in 2 parallel groups), this

trial will not make it possible to conclude on the risk of naproxen in this situation.

Therefore, pending further research, a pragmatic and cautionary approach would be to avoid
the use of NSAIDs for symptomatic treatment of non-severe symptoms of COVID-19. This
cautious attitude is notably recommended by Paul Little [63], and the National Institute for Health

and Care Excellence [64].

In 2019, the multi-source analysis conducted by the CRPVs, which integrated complementary
pharmacological data (clinical, pharmacoepidemiological, and experimental), confirmed and
amplified the conclusions of the previous reports on the role of NSAIDs (in particular ibuprofen,
ketoprofen) in the aggravation of bacterial infections (in particular pulmonary infections).
Therefore, in case of infection, symptomatic treatment with NSAIDs for non-severe symptoms

(fever, pain, or myalgia) is not to be recommended, given a range of clinical and scientific
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arguments supporting an increased risk of severe bacterial complication. Besides, the existence of a
safer drug alternative, with paracetamol at recommended doses, makes this recommendation of
precaution and common sense even more legitimate. In 2020, such recommendation is more topical
than ever with the emergence of COVID-19, especially since it results in fever, headaches,
muscular pain, and cough, and is further complicated with pneumopathy, and given experimental

data suggesting a link between ibuprofen and the level of expression of ACE2.
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Table

Table 1. Pharmacoepidemiological studies assessing the role of non-steroidal anti-inflammatory drugs (NSAIDs) in the aggravation of pulmonary

infections

Authors

Date

Country

Byington et al. [17]
2002

United States

Francois et al. [18]
2010

France

Design

Case-control

Case-control

Participants

Age

540 children with
bacterial community-
acquired pneumonia
<19 years

767 children with
community-acquired
pneumonia

28 days-15 years

Exposure

Ibuprofen

Paracetamol

Ibuprofen
Aspirin
Glucocorticoids

Other NSAIDs

Outcome

Empyema

Pleural effusion, lung
abscess, or cavitation
on presentation or

during hospital stay

Odds ratio (95%

confidence interval)

Ibuprofen: 4.0 (2.5-
6.5)

Paracetamol: non-
significant
Ibuprofen: 2.57
(1.51-4.35)
Aspirin: 1.72 (0.69-
4.99)

Glucocorticoids: 1.41
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Voiriot et al. [19]

2011

France

Messika et al. [20]
2014

France

Elemraid et al. [21]

Nested case-control

Case-control

Nested case-control

90 adults with NSAIDs
community-acquired
pneumonia in
intensive care unit
52 + 15 years

106 adults with NSAIDs
pneumococcal
community-acquired

pneumonia in

intensive care unit

57.5 (44.5-74.1)

years

160 children with Ibuprofen

Pleural empyema, or

lung cavitation

Pleural effusion, or

pulmonary abscess

Pleural empyema

(0.58-3.41)
Other NSAIDs: 2.41
(0.68-8.56)

8.1(2.3-28.0)

4.04 (1.06-15.44)

1.94 (97.5% credible
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2015

United Kingdom

Le Bourgeois et al.

[22]

2016

France

Basille et al. [23]
2017

France

Krenke et al. [24]
2018

Poland

Case-control

Nested case-control

Nested case-control

pneumonia

<16 ans

166 children with NSAIDs
acute viral infection  Paracetamol
3 months-15 years
221 adults with Ibuprofen
community-acquired
pneumonia in
intensive care unit
64.8 £ 17.3 years
203 children with Ibuprofen
community-acquired = Paracetamol

pneumonia

2 months-17 years

Pleural empyema
within 15 days after
diagnosis of acute
viral infection
Parapneumonic
pleural effusion,
pleural empyema, or

lung abscess

Parapneumonic
effusion, pleural
empyema,
necrotizing

pneumonia, or lung

interval: 0.80-3.18)

NSAIDs: 2.79 (1.40-
5.58)

Paracetamol: 1.53
(0.83-2.82)

2.57 (1.02-6.64)

Ibuprofen: 5.06
(1.47-17.35)
Paracetamol: 2.75

(1.22-6.16)
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abscess
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Figure 1. Definition of the window of NSAID exposure for cases to minimize protopathic bias

in the study according Le Bourgeois et al. [22].
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