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ARTICLE INFO ABSTRACT

Keywords: Taking anti-inflammatory drugs, including non-steroidal (NSAIDs), during Covid-19 infection, how much is
NSAIDs risky? The French Minister of Health, who has raised an alarm on a possible risk deriving from the use of
CoX ibuprofen for the control of fever and other symptoms during the disease, opened the debate a few days ago.

COX2 ) In this paper we examine available evidence from preclinical and clinical studies that had analysed the role of
\C/gzlnl;ﬁzmons COX in the inflammatory process and the effects of NSAIDs in patients with infections. Most of the published

studies that suggested not protective effects of NSAIDs were mainly performed in vitro or on animals. Therefore,
their meaning in humans is to be considered with great caution. Based also on data suggesting protective effects
of NSAIDs, we concluded that currently there is no evidence suggesting a correlation between NSAIDs and a
worsening of infections. Further studies will be certainly needed to better define the role of NSAIDs and par-
ticularly COX2 inhibitors in patients with infections. In the meantime, we must wait for results of the revision
started by the PRAC on May 2019 on the association ibuprofen/ketoprofen and worsening of infections. Since
nowadays no scientific evidence establishes a correlation between NSAIDS and worsening of COVID-19, patients

Literature review

should be advice against any NSAIDs self-medication when COVID-19 like symptoms are present.

1. Summary

NSAIDs act through the inhibition of endoperoxide synthesis en-
zymes, also known as cyclooxygenase (COX) enzymes that catalyze the
two-step conversion of arachidonic acid into thromboxane, pros-
taglandins, and prostacyclins [1]. Two types of COX are currently re-
cognized: COX-1, which is constitutively expressed in the body and it is
involved in homeostatic functions, including those related to gastro-
intestinal mucosa lining, kidney function, and platelet aggregation;
COX-2, which is expressed during an inflammatory response where
mitogens and cytokines are produced. COX-2 is responsible for the
production of prostanoids. These lipid mediators are involved in pro-
cesses that lead to vasodilation, increased vascular permeability and
leukocyte chemotaxis [2]. Based on their selectivity in the inhibition of
COX, NSAIDs are defined nonselective, when they inhibit both COX-1
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and COX-2, and COX-2 selective.

NSAIDs are extensively used for the treatment of pain and in-
flammation, including in patients with chronic inflammatory disorders
such as rheumatoid arthritis and osteoarthritis [3]. Even though
NSAIDs represent one of the most used drug classes worldwide, their
chronic use carries a well-known risk of gastrointestinal complications
[4]. NSAIDs are associated with cardiovascular and renal adverse ef-
fects as well [5,6].

In 2009 a group of researchers from the University of Rochester
warned that the use of NSAIDs might lower host defence following
infection or vaccination [7]. On April 2019 the French regulatory
agency (ANSM) issued a statement related to the results of a survey
carried out by the regional pharmacovigilance centres of Tours and
Marseille. They reported serious infectious complications that occurred
in patients receiving NSAIDs, mainly ibuprofen and ketoprofen, used in

Received 23 March 2020; Received in revised form 20 April 2020; Accepted 20 April 2020

Available online 29 April 2020

1043-6618/ © 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/10436618
https://www.elsevier.com/locate/yphrs
https://doi.org/10.1016/j.phrs.2020.104849
https://doi.org/10.1016/j.phrs.2020.104849
mailto:annalisa.capuano@unicampania.it
https://doi.org/10.1016/j.phrs.2020.104849
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phrs.2020.104849&domain=pdf

A. Capuano, et al.

the treatment of fever and pain. The analysis identified 337 serious
cases (which led to hospitalization or death) of infectious complications
with ibuprofen and 49 serious cases with ketoprofen (including cases of
dermohypoderma, necrotizing fasciitis, sepsis, pneumonia complicated
by an abscess, pleurisy, empyema). These events were observed after
very short treatment periods (2-3 days), even when taking NSAIDs was
combined with antibiotic therapy [8]. However, the statement of ANSM
was based on a study [9] with many biases (the delay of treatment of
bacterial infections leading to increased complications, the use of ibu-
profene/ketoprofen in patients with serious symptoms, more severe
cases were exposed to ibuprofen/ketoprofen due to confounding by
indication) that may have affected the exposure-outcomes of the re-
search. In addition, on March 16th 2020, the French Minister of Health
has recommended the use of paracetamol instead of ibuprofen or oral
cortisone for the treatment of fever in patients with Covid-19. Fur-
thermore, French Authorities announced that NSAIDs may worsen
clinical conditions of patients with COVID-19 based on the evaluation
of 4 patients affected by the disease, with no comorbidity, for whom the
only identified risk factor was NSAID treatment. For these reasons,
these data cannot be considered as definitive.

During the inflammatory process, NSAIDs have demonstrated to
alter adherence, degranulation and phagocytosis and reactive oxygen
species (ROS) production by polymorphonuclear neutrophils (PMN). In
vivo these drugs seem to reduce the recruitment of PMNs and modify
their intrinsic functions. Furthermore, in models of acute pleural effu-
sion, the treatment with ibuprofen, indomethacin and flurbiprofen have
significantly reduced the volume of exudate and the migration of leu-
kocytes. NSAIDs, including ibuprofen, inhibit TNFa-induced NFxB
transcriptional activity, further contributing to reducing the local re-
lease of pro-inflammatory cytokines, including IL-8 [10-14]. Besides
the effects mediated by cyclooxygenases, literature data suggested the
key role of COX-2 in the resolution of inflammation. Leukotrienes and
prostaglandins stimulate the local release of lipoxins, in particular
PMNs, which can interact with specific receptors on leukocytes. This
leads to an inhibition of inflammation mediated by PMNs and im-
proving the phagocytosis of PMN by macrophages [15-18].

A literature review of both preclinical and clinical studies on this
topic was carried out. We have analyzed the available current relevant
literature on the role of cyclooxygenases in inflammatory conditions
underlying infections, providing suggestions for the role of NSAIDs in
these conditions.

Considering preclinical studies, some of them [19-22] suggested a
not protective role of COX/NSAIDs during infections. For instance, in
models of acute lung injury, the inhibition of COX-2 was associated
with a reduction in the recruitment of PMNs in the lungs as well as with
a prolonged lung infiltration and delayed recovery [19]. Similarly, in a
model of pleurisy, either selective COX-2 or COX-1/COX-2 inhibition
limited the volume of exudate and the recruitment of inflammatory
cells within the pleura at 2 h, but exacerbated pleural inflammation at
48 h [20]. NSAIDs can influence the adaptive immune response by
inhibiting the expression of IL-4 in CD4 T cells [21] and compromise
the early production of IFN-y by innate immune cells that represents an
effective strategy for defence against viruses [22].

On the other hand, further preclinical studies, carried out both in
vitro or on animals, found opposite results. Chen N et al. evaluated in
vitro and in vivo the effects of aspirin, indomethacin and celecoxib on
the replication of Vesicular Stomatitis Virus (VSV) induced encephalitis.
According to their results, the inhibition of COX reduces the VSV pro-
pagation. In vitro studies have demonstrated that the effect of COX
inhibition could be mediated by an increase in Nitric Oxide (NO), which
inhibits VSV replication. Indeed, when NO production was inhibited, no
differences in viral titer between treated and control cells were detected
[23]. The protective effects of NSAIDs were also reported by a study of
Alfajaro MM et al. who reported that the inhibition of COX-2 con-
siderably increased the production of NO, causing a reduction in por-
cine sapovirus (pathogen responsible of severe acute gastroenteritis)
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replication, suggesting possible new targets for the treatment of sapo-
virus infection [24]. Reassuring results were also obtained in a further
study that used mice deficient in COX isoforms to investigate the role of
prostanoids in the modulation of the inflammatory response to bacterial
and viral pathogen-associated molecular patterns (PAMPs). The results
showed that in mice treated with LPS, the response of interleukins and
interferons were significantly inhibited by the deletion of Cox2 gene.
On the other hand, the deletion of Cox1gene did not alter the cytokine
response to LPS [25]. These results are supported by other studies that
showed how COX-2 protein is increased in tissues from patients with
viral infection [26,27] and that COX-2 and COX-1 deletion are asso-
ciated with a reduction in mortality in mice infected with influenza A
and with worsening of infection, respectively [28]. Amici et al. eval-
uated the effect of indomethacin on the replication of coronavirus re-
sponsible for the development of severe acute respiratory syndrome
(SARS). Specifically, the authors analyzed in vivo the virus titers in in-
fected dogs treated with indomethacin (1 mg/kg body weight). In-
domethacin showed a potent direct antiviral activity by blocking viral
RNA synthesis. No effects on coronavirus binding or entry into host
cells were observed. Since the antiviral activity of indomethacin oc-
curred at concentrations higher than those needed for COX inhibition,
the authors suggested that the effect was COX-independent. To support
this, they highlighted that aspirin did not affect coronavirus replication
up to millimolar concentrations. However, the possible mechanism was
not investigated [29]. On the other hand, the results of a recent study
seem to suggest that protein kinase R (PKR) might represent a target for
the antiviral activity of indomethacin. The phosphorylation of the eu-
karyotic initiation factor-2 a-subunit, which derived from the activa-
tion of PKR by indomethacin, could be a key element in the antiviral
activity of the drug [30]. As regards to viral infections, studies on cel-
ecoxib appear interesting. In a mouse infection model, the combined
treatment with the polymerase basic protein 2 (PB2) oligonucleotides
and celecoxib was associated to a significant reduction in the viral load,
an improvement in lung lesions and animal survival compared to PB2
oligonucleotides alone [31]. Similarly, in a mouse model infected with
CK1 or H5N1 influenza viruses, the combined treatment with celecoxib
and zanamivir ameliorated lung inflammation and significantly im-
proved the survival rate compared to zanamivir (p < 0.05) or celecoxib
alone (p < 0.05) [32].

Nowadays few clinical studies are available on this topic. Among
those that reported a not protective effect of NSAIDs, we found a ret-
rospective study carried out in pediatric patients (age: 28 days-15
years) admitted to two French hospitals and diagnosed with commu-
nity-acquired pneumonia from 1995 to 2003. The results showed that
ibuprofen was the only therapy administered before hospitalization to
be associated independently with complicated pneumonia [33]. Simi-
larly, the results of a case-control study, carried out in a pediatric po-
pulation with an acute viral infection between 2006 and 2009, reported
an increased risk of empyema associated with exposure to NSAIDs and a
reduction in the risk with the use of antibiotics. Authors concluded that
NSAIDs should not be considered as first-line treatment during acute
viral infections in children [8]. A case series published in 2015 reported
the cases of two patients with HIN1 flu and a history of prolonged
NSAID abuse (ibuprofen). Both patients had a respiratory failure that
required access to an intensive care unit [34]. A further paper published
on BMJ in 2009 [35] reported that NSAIDs might worsen flu symptoms
and increase the risk of multi-organ failure. Other studies revealed that
the use of NSAIDs was associated with a worst course of skin and soft
tissues bacterial and viral infections [36-40]. Based on these data,
Voirot et al. [41] proposed two hypotheses that could justify the asso-
ciation between the use of NSAIDs and the risk of complications in
patients with pneumonia. The first is a temporal hypothesis, according
to which NSAIDs may prevent the timely recognition of pneumonia,
leading to a delay in the diagnosis thereby promoting a more invasive
disease, with a higher frequency of pleural emphysema and bacteremia
and delay the start of appropriate therapy. The second is an
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immunological hypothesis, according to which NSAIDs may reduce the
recruitment of innate immune cells and modify the intrinsic functions
of PMNs, resulting in lower bacterial clearance and promoting a more
serious form of pneumonia [41]. On the other hand, a study carried out
by Langhendries JP et al. suggests that the repeated exposure of infants
to acetaminophen and ibuprofen may induce immune deviations [42].
We could then think that a patient with Covid-19 infection who is taken
NSAIDs is a cause of concern. But research published in 2012 suggested
that NSAIDs have an immune-enhancing impact and that improve the
efficacy of anti-cancer immunotherapies [43]. Since clinical controlled
studies are lacking, their meaning in humans is to be considered with
great caution. Even though several studies have investigated the pro-
tective effects of NSAIDs in viral infection, the role of inflammation in
regulating virus replication and survival is still not completely under-
stood. However, it is known that patients with up-regulated COX-2 le-
vels and inflammatory conditions have high incidences of Epstein Barr
Virus associated malignancies indicating a possible role of COX-2 in
virus-mediated tumorigenesis [44]. Finally, recently published pre-
liminary results from a randomized controlled trial, carried out on 120
inpatients with influenza A (H3N2), showed that the reduction in
mortality and cytokine levels was higher for the combination of cel-
ecoxib-oseltamivir compared to oseltamivir alone, without increasing
adverse effects [45].

In conclusion, inflammation represents a physiologic response to
tissue damage due to several factors, such as pathogen infection, che-
mical irritation, and injury. Gradually the inflammation process ad-
vances various types of cells are activated and attracted to the in-
flammation site through a signalling network involving a large number
of mediators such as growth factors, cytokines, and chemokines. All
recruited cells at the inflammatory site participate to the defence re-
sponse but their excess or longer endurance induces tissue damage fa-
vouring the worsening of the disease regardless of the cause [46,47].
COX-2 is critical in the inflammatory response process and to be in-
volved in the pathogenesis of influenza virus infection [48]. The same
applies to COVID-19 disease for which the induction of a pro-in-
flammatory cytokine storm is similar to other highly pathogenic human
invasive virus [49].

Regarding to this, it has been demonstrated that lack of COX-1 in-
duces to the increased cellular influx, while the lack of COX-2 mitigates
the recruitment of inflammatory cells. In the light of the above results,
it is interesting to investigate the distinct roles of COX-1 and COX-2 in
different diseases and preclinical models. Usually, NSAIDs are used in
clinical practice for flu-like symptoms control during influenza viral
infection. By applying the findings of previous studies to a clinical
setting, the use of NSAIDs with predominantly COX-1 inhibiting activity
may induce more severe inflammation phenomena compared with the
treatment based on the administration of COX-2 in strengthened in-
hibitors, such as celecoxib or etoricoxib, during influenza infection
which may improve the clinical course.

Ultimately, COX-1 and COX-2 have essential role but conflicting
effects on the host immune response to influenza viral infection, likely
mediated via impaired production of PGs and Lts following infection.
The deficiency of the inhibition of COX-1 induces a strengthened in-
flammatory response and earlier release of proinflammatory cytokines.
Vice versa, deficiency/inhibition of COX-2 results in decreased in-
flammation and proinflammatory cytokine release, which in turn lead
to reduced morbidity and improved survival.

Even though COX-2 selective inhibitors may have benefits in pa-
tients with viral infections, probably including also COVID-19, ac-
cording to FitzGerald GA, there is no evidence of benefit or risk for the
use of NSAIDs in patients with Covid-19 infection [50] and further
studies will be certainly needed to better define this association. In the
meantime, as highlighted by the EMA on March 18th 2020, we must
wait for results of the revision started by the PRAC on May 2019 on the
association ibuprofen/ketoprofen and worsening of infections. Since
nowadays no scientific evidence establishes a correlation between
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NSAIDS and the worsening of COVID-19, patients should be advised
against any NSAIDs self-medication when COVID-19 like symptoms
begins. Lastly, the EMA also highlighted the need for epidemiological
studies to provide adequate evidence on any effect of NSAIDs on disease
prognosis for COVID-19. Consequently, NSAIDs should be used with
extreme caution, and only under medical control [51].
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