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Early use of non-steroidal anti-inflammatory drugs in COVID-19 might 
reverse pathogenesis, prevent complications and improve clinical outcomes 
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A B S T R A C T   

The pathogenesis of Coronavirus disease 2019 is still obscure and the need for exploration of possible mecha
nisms to suggest drugs based on knowledge should never be delayed. In this manuscript, we present a novel 
theory to explain the pathogenesis of COVID-19; lymphocyte distraction theory upon which the author has used, 
in a preprinted protocol, non-steroidal anti-inflammatory drugs (NSAIDs); diclofenac potassium, ibuprofen and 
ketoprofen, successfully to treat COVID-19 patients. Furthermore, we agree with a recommendation that glu
cocorticoids should not be used routinely for COVID-19 patients and suggested to be beneficial only for patients 
with late acute respiratory distress syndrome. A clinical proof of ibuprofen safety in COVID-19 has been pub
lished by other researchers and we suggest that early administration of NSAIDs, including ibuprofen, in COVID- 
19 is not only safe but it might also prevent COVID-19 complications and this manuscript explains some of the 
suggested associated protective mechanisms.   

1. Introduction 

The pathogenesis of Coronavirus disease 2019 (COVID-19), a disease 
that harvested more than eight hundred thousand lives today, the 27th 
of August 2020 [COVID-19 Dashboard by the Center for Systems Science 
and Engineering (CSSE) at Johns Hopkins University], is still not 
completely understood and a better understanding of the pathogenesis 
would eventually lead to improvement in the treatment protocols as well 
as the control of this pandemic [1]. 

Lymphopenia has been reported to be a common feature associated 
with severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) 
causing COVID-19 [2,3], similar to what has been previously reported 
for the SARS CoV epidemic in 2002–2003 [4]. It is currently well known 
that both viruses belong to the same genus of beta coronaviruses and 
share multiple similarities including the same ACE2 receptor to enter the 
target cells, as well as immune cross reactivity [5]. Furthermore, SARS 
CoV-2-induced lymphopenia was recently described as an effective and 
reliable indicator of the severity and hospitalization in COVID-19 pa
tients [6]. Thus, if we may find a possible hypothesis to explain the 
lymphopenia induced by SARS CoV, it might also help us to explore a 
potential treatment for SARS CoV-2. 

2. SARS CoV-2 might deceitfully distract lymphocytes away 
from the lungs 

It was previously suggested that SARS CoV induced lymphopenia is 
likely to be caused by indirect mechanisms such as an increase in cortisol 
levels that occurred as part of the body stress response to this severe 
respiratory viral infection or by an iatrogenic effect of glucocorticoids 
used to manage those patients. Moreover, cortisol levels were demon
strated to be significantly higher in lymphopenic patients than in non
lymphopenic patients and to be significantly negatively correlated with 
monocytes and suppressor CD8+ cells, B lymphocytes and helper CD4+

cells in SARS CoV patients [4,7]. Interestingly, the adrenal gland was 
previously shown to express ACE2 receptors and SARS CoV-related 
inflammation of various organs, including the adrenal gland, has also 
been reported. Similarly, SARS CoV has been demonstrated to cause 
architectural disruption and lymphocyte depletion in the spleen and 
lymph nodes despite no or trace ACE2 expression in examined human 
tissue specimens, and SARS CoV has also been associated with adrenal 
glands necrosis and infiltration of monocytes and lymphocytes [8,9]. 
Relying on the previous mechanisms related to SARS CoV, to be added to 
our current knowledge that COVID-19 pathogenesis has been shown to 
be associated with excessive chemokines release; a cytokine storm that 
has been associated with unfavorable clinical outcomes, including some 
chemokines attracting lymphocytes and other inflammatory cells to 
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infected tissues [10,11]. We suggest that SARS CoV-2, like SARS CoV 
may cause, both directly and indirectly, progressive inflammation in 
different body organs and some of these released chemokines, and 
perhaps others yet to be discovered, are well known to attract lym
phocytes to those organs causing lymphopenia encountered with 
COVID-19. Interestingly, an inadequate Th1-biased T-cell response was 
suggested to contribute to the immunopathology of SARS-CoV infection 
[12] and recently, patients complaining from severe COVID-19 outcome 
have been shown to exhibit a maladapted immune response profile as 
well as early immune signatures that correlate with divergent disease 
trajectories [13]. Similarly, after a preprint of this manuscript was 
published [14], reports of multisystem COVID-19 hyperinflammatory 
conditions have been released [15,16] and we claim that their patho
genesis is consistent with this hypothesis. More importantly, we suggest 
that this lymphopenia, if occurred, should be considered a symbol for 
distraction of lymphocytes to multiple organs instead of being mainly 
directed to the lungs, the main target organ of COVID-19 and SARS 
CoV-2-induced lymphopenia has been previously liked with disease 
severity and prognosis [17]. Interestingly, it might also be considered 
another reflection of the previously described disturbance of the ho
meostasis of the interferons’ immune response in COVID-19 patients 
[11,18–20]. 

3. Potential causes of failure of hydroxychloroquine treatment 

Notably, hydroxychloroquine has been previously reported to cause 
lymphopenia and increase human immunodeficiency virus, viral load 
which was suggested to be only explained by a biological effect of the 
drug [21] and a potential likewise relationship with SARS CoV-2 
induced lymphopenia should be carefully and thoroughly investigated 
as it might reason for its inefficacy [22], higher mortality rate in its high 
dose [23] that eventually might have led to its suspension [24] and 
formal discontinuation on the 4th of July 2020 upon a recommendation 
from the Solidarity Trial’s International Steering Committee [25]. 

4. Glucocorticoids role in treatment of COVID-19 

Acute inflammation of the adrenal glands increases cortisol secre
tion, especially early in the COVID-19 clinical course, which further 
augments lymphopenia and might complete the unfortunate vicious 
cycle. Moreover, short-duration, high-dose glucocorticoid therapy was 
not proven effective for early acute respiratory distress syndrome or for 
severe sepsis. This might be explained by glucocorticoid-induced 
immunosuppression as well as lymphopenia [26] and when combined 
with mineralocorticoids, they only showed some benefits in some 
selected critical cases classified with a poor prognosis, and moderate 
doses of glucocorticoids were suggested to be beneficial only for patients 
with late acute respiratory distress syndrome [27]. Furthermore, it has 
been recommended for patients with rheumatic disease on glucocorti
coid therapy to use the minimum possible doses of glucocorticoids 
during COVID-19 infection [28]. Thus, we would like to agree with the 
clinical recommendation against the routine use of glucocorticoids in 
the management of COVID-19 and to confirm they should be only dis
cussed to be administered on a case by case basis [29] and to dispute 
with some other contradictory reports and encourage more colleagues to 
present properly performed clinical data to end any remaining contro
versy [19]. Consistent with this recommendation, dexamethasone has 
been recently shown to lower COVID-19 28-day mortality only among 
patients who were receiving respiratory support [30]. However, a study 
with some limitations has showed that prednisone or methylpredniso
lone was associated with a significant reduction in COVID-19 hospital 
mortality and recommended initiation of clinical trials testing cortico
steroids during the inflammatory phase of COVID-19 [31]. Similarly, 
40–80 mg/d (0.75–1.5 mg/kg/d) of methylprednisolone for 3 days, 
tapered to 20 mg/d, with a total treatment period of less than 7 days 
benefited COVID-19 patients with marked radiologic progression and 

LDH levels of less than two times the upper limit number and a tailored 
individualized course was suggested as rescue treatment in more severe 
or critically ill patients [32]. Moreover, an randomized open-label trial 
with some limitations showed the use of intravenous dexamethasone 
plus standard care resulted in a statistically significant increase in the 
number of ventilator-free days over 28 days in patients with COVID-19 
and moderate or severe ARDS, yet with no significant difference in the 
secondary outcomes of all-cause mortality at 28 days or ICU-free days 
during the first 28 days [33]. On the other hand, a meta-analysis showed 
that administration of systemic corticosteroids, compared with usual 
care or placebo, was associated with lower 28-day all-cause mortality in 
critically ill patients with COVID-19 [34]. However, important concerns 
regarding the interpretation of data as well as the limitations of several 
studies showing potential benefit of glucocorticoids in COVID-19 have 
been raised and a call to individualize different steroid approaches 
depending of the host has been repeated [35] and we would like to agree 
with those concerns. We would also like to suggest trying hydrocortisone 
sodium succinate 50 mg i.v./6 h [36], which has a more rapid onset than 
those already tried, for selected critical cases of COVID-19, in situations 
when potential benefits exceeds the risks. 

5. Ibuprofen is currently being proven to be beneficial for 
COVID-19 

Most importantly, based on the suggested pathogenesis of COVID-19 
described in this manuscript, we suggest that using non-steroidal anti- 
inflammatory drugs (NSAIDs), e.g. ibuprofen, might prove beneficial for 
the early management of COVID-19 trying to ameliorate the suggested 
inflammatory process leading to lymphopenia and immunosuppression. 
Theoretically, NSAIDs when used as early as possible during the clinical 
course of COVID-19 might prevent disease progression or even reverse 
lymphocytopenia and we suggest it might be added to his newly sug
gested nitazoxanide/azithromycin protocol for early management of 
COVID-19 [20] but in a separate arm for nitazoxanide/azi
thromycin/ibuprofen as well as to add NSAIDs to any other already 
adopted protocol for early cases of COVID-19 and compare the results 
against the already used analgesic/antipyretic paracetamol. Interest
ingly, we have recently provided the first clinical report that has shown 
this theory to be clinically valid when he has received numerous re
quests for treatment from Egyptian COVID-19 and both ibuprofen and 
diclofenac potassium have been shown more superior to the currently 
used paracetamol not only with regard to its analgesic antipyretic effect 
but also in significantly improving the lymphocytic count in COVID-19 
patients, enhancing their immune response as well as recovery mostly in 
five days and NSAIDs were the most important component of his illus
trated preprinted protocol which is currently under review in a reputed 
medical journal [37]. We were fully aware that his hypothesis is con
tradictory to another one that has led to practical avoidance of NSAIDs 
for COVID-19 patients [38] and we have, since March 2020, prepared a 
review article disputing that claim and it’s been preprinted, sent to the 
WHO and recently published [39]. Other researchers have also criticized 
the theoretical basis upon which ibuprofen was avoided in COVID-19 
[40,41] and the claims against other drugs mentioned with ibuprofen 
in that contradictory hypothesis are similarly being revoked [42]. 
Notably, ibuprofen has been previously hypothesized to be hazardous in 
another medical argument and later on that hypothesis was proven 
incorrect [43] and recently a clinical study has shown that ibuprofen use 
was not associated with worse clinical outcomes, compared with para
cetamol or no antipyretic [44]. Similarly, Use of NSAIDs was not asso
ciated with 30-day mortality, hospitalization or complications in Danish 
individuals who tested positive for SARS-CoV-2 [45]. Moreover, 
ibuprofen has been used successfully and safely for decades to alleviate 
symptoms of naturally acquired common colds [46] and multiple 
mechanisms that interfered with the viral pathophysiological effects 
were suggested [47]. 

M.T. Kelleni                                                                                                                                                                                                                                      



Biomedicine & Pharmacotherapy 133 (2021) 110982

3

6. Conclusion 

Finally, it might be considered a real misfortune that NSAIDs 
including ibuprofen have been practically avoided to favor the analgesic 
antipyretic paracetamol with no anti-inflammatory effect. It is also 
probable that a safe short course of inexpensive and effective drugs like 
ibuprofen and other NSAIDs could have saved lives, but we have ignored 
them based on a hypothesis to be confirmed by more studies which are 
highly encouraged. However, we should learn from unintended mistakes 
and make sure not to be repeated. 

Funding/Financial disclosure 
None. 

Funding 

None. 

Declaration of Competing Interest 

The authors report no declarations of interest. 

Acknowledgement 

The author would like to sincerely thank Dr. Danyelle Townsend, 
Editor in Chief of Biomedicine & Pharmacotherapy for her gentle 
acceptance to manage this manuscript which has been handled in a 
highly professional manner after being denied an opportunity to be peer 
reviewed for months by other journals. I would like also to sincerely 
thank the honorable peer reviewers for their highly constructive scien
tific comments which have markedly improved the quality of the data 
presented in this manuscript. 

References 

[1] R. Mirzaei, S. Karampoor, M. Sholeh, P. Moradi, R. Ranjbar, F. Ghasemi, 
A contemporary review on pathogenesis and immunity of COVID-19 infection, Mol. 
Biol. Rep. (2020) 1–12. 

[2] T. Chen, D. Wu, H. Chen, W. Yan, D. Yang, G. Chen, K. Ma, D. Xu, H. Yu, H. Wang, 
et al., Clinical characteristics of 113 deceased patients with coronavirus disease 
2019: retrospective study, BMJ 368 (2020) m1091. 

[3] C. Huang, Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, L. Zhang, G. Fan, J. Xu, X. Gu, et 
al., Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 
China, Lancet 395 (10223) (2020) 497–506. 

[4] P.K. Chan, G.G. Chen, Mechanisms of lymphocyte loss in SARS coronavirus 
infection, Hong Kong Med. J. 14 (Suppl 4) (2008) 21–26. 

[5] X. Ou, Y. Liu, X. Lei, P. Li, D. Mi, L. Ren, L. Guo, R. Guo, T. Chen, J. Hu, et al., 
Characterization of spike glycoprotein of SARS-CoV-2 on virus entry and its 
immune cross-reactivity with SARS-CoV, Nat. Commun. 11 (1) (2020) 1620. 

[6] L. Tan, Q. Wang, D. Zhang, J. Ding, Q. Huang, Y.-Q. Tang, Q. Wang, H. Miao, 
Lymphopenia predicts disease severity of COVID-19: a descriptive and predictive 
study, Signal Transduct. Target. Ther. 5 (2020), 33-33. 

[7] N.S. Panesar, C.W.K. Lam, M.H.M. Chan, C.K. Wong, J.J.Y. Sung, Lymphopenia and 
neutrophilia in SARS are related to the prevailing serum cortisol, Eur. J. Clin. 
Invest. 34 (5) (2004) 382–384. 

[8] D. Harmer, M. Gilbert, R. Borman, K.L. Clark, Quantitative mRNA expression 
profiling of ACE 2, a novel homologue of angiotensin converting enzyme, FEBS 
Lett. 532 (1-2) (2002) 107–110. 

[9] I. Hamming, W. Timens, M.L.C. Bulthuis, A.T. Lely, G.J. Navis, H. van Goor, Tissue 
distribution of ACE2 protein, the functional receptor for SARS coronavirus. A first 
step in understanding SARS pathogenesis, J. Pathol. 203 (2) (2004) 631–637. 

[10] Y. Xiong, Y. Liu, L. Cao, D. Wang, M. Guo, A. Jiang, D. Guo, W. Hu, J. Yang, 
Z. Tang, et al., Transcriptomic characteristics of bronchoalveolar lavage fluid and 
peripheral blood mononuclear cells in COVID-19 patients, Emerg. Microbes Infect. 
9 (1) (2020) 761–770. 

[11] S.F. Pedersen, Y.C. Ho, SARS-CoV-2: a storm is raging, J. Clin. Invest. (2020). 
[12] L. Feng, Q. Wang, C. Shan, C. Yang, Y. Feng, J. Wu, X. Liu, Y. Zhou, R. Jiang, P. Hu, 

et al., An adenovirus-vectored COVID-19 vaccine confers protection from SARS- 
COV-2 challenge in rhesus macaques, Nat. Commun. 11 (1) (2020) 4207. 

[13] C. Lucas, P. Wong, J. Klein, T.B.R. Castro, J. Silva, M. Sundaram, M.K. Ellingson, 
T. Mao, J.E. Oh, B. Israelow, et al., Longitudinal analyses reveal immunological 
misfiring in severe COVID-19, Nature (2020). 

[14] Ibuprofen potential addition to COVID-19 early management protocols: could it be 
superior to paracetamol and hydroxychloroquine?, 2020. https://journal.sketchin 
gscience.org/users/318758/articles/448656-ibuprofen-potential-addition-to-co 
vid-19-early-management-protocols-could-it-be-superior-to-paracetamol-and-hyd 
roxychloroquine. 

[15] Multisystem Inflammatory Syndrome in Children and Adolescents Temporally 
Related to COVID-19, 2020. https://www.who.int/news-room/commentaries/det 
ail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid- 
19. 

[16] L.R. Feldstein, E.B. Rose, S.M. Horwitz, J.P. Collins, M.M. Newhams, M.B.F. Son, J. 
W. Newburger, L.C. Kleinman, S.M. Heidemann, A.A. Martin, et al., Multisystem 
inflammatory syndrome in U.S. Children and adolescents, N. Engl. J. Med. (2020). 

[17] L. Tan, Q. Wang, D. Zhang, J. Ding, Q. Huang, Y.-Q. Tang, Q. Wang, H. Miao, 
Lymphopenia predicts disease severity of COVID-19: a descriptive and predictive 
study, Signal Transduct. Target. Ther. 5 (1) (2020) 33. 

[18] E. Sallard, F.-X. Lescure, Y. Yazdanpanah, F. Mentre, N. Peiffer-Smadja, Type 1 
interferons as a potential treatment against COVID-19, Antiviral Res. 178 (2020), 
104791-104791. 

[19] W. Zhang, Y. Zhao, F. Zhang, Q. Wang, T. Li, Z. Liu, J. Wang, Y. Qin, X. Zhang, 
X. Yan, et al., The use of anti-inflammatory drugs in the treatment of people with 
severe coronavirus disease 2019 (COVID-19): the Perspectives of clinical 
immunologists from China, Clin. Immunol. (214) (2020), 108393-108393. 

[20] M.T. Kelleni, Nitazoxanide/azithromycin combination for COVID-19: a suggested 
new protocol for early management, Pharmacol. Res. 157 (2020), 104874. 

[21] N.I. Paton, R.L. Goodall, D.T. Dunn, S. Franzen, Y. Collaco-Moraes, B.G. Gazzard, I. 
G. Williams, M.J. Fisher, A. Winston, J. Fox, et al., Effects of hydroxychloroquine 
on immune activation and disease progression among HIV-infected patients not 
receiving antiretroviral therapy: a randomized controlled trial, JAMA 308 (4) 
(2012) 353–361. 

[22] J. Magagnoli, S. Narendran, F. Pereira, T.H. Cummings, J.W. Hardin, S.S. Sutton, 
J. Ambati, Outcomes of hydroxychloroquine usage in United States veterans 
hospitalized with COVID-19, Med (2020). 

[23] M.G.S. Borba, F.F.A. Val, V.S. Sampaio, M.A.A. Alexandre, G.C. Melo, M. Brito, M. 
P.G. Mourão, J.D. Brito-Sousa, D. Baía-da-Silva, M.V.F. Guerra, et al., Effect of high 
vs low doses of chloroquine diphosphate as adjunctive therapy for patients 
hospitalized with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection: a randomized clinical trial, JAMA Network Open 3 (4) (2020) e208857- 
e208857. 

[24] Q&A, Hydroxychloroquine and COVID-19, 2020. https://www.who.int/news-roo 
m/q-a-detail/q-a-hydroxychloroquine-and-covid-19. 

[25] “Solidarity” Clinical Trial for COVID-19 Treatments, 2020. https://www.who.int/e 
mergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coro 
navirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments. 

[26] C.G. Craddock, Corticosteroid-induced Lymphopenia, immunosuppression, and 
body defense, Ann. Intern. Med. 88 (4) (1978) 564–566. 

[27] B.T. Thompson, Glucocorticoids and acute lung injury, Crit. Care Med. 31 (4 Suppl) 
(2003) S253–257. 

[28] D.P. Misra, V. Agarwal, A.Y. Gasparyan, O. Zimba, Rheumatologists’ perspective 
on coronavirus disease 19 (COVID-19) and potential therapeutic targets, Clin. 
Rheumatol. (2020). 

[29] Recommendations of Experts Relating to the Care in Resuscitation of SARS-CoV2 
Epidemic Patients, 2020. https://sfar.org/download/recommandations-dexperts-p 
ortant-sur-la-prise-en-charge-en-reanimation-des-patients-en-periode-depidemie- 
a-sars-cov2/?wpdmdl=25387&refresh=5e9db5d4aef411587394004. 

[30] Dexamethasone in hospitalized patients with Covid-19 — preliminary report, 
N. Engl. J. Med. (2020). 

[31] F. Bani-Sadr, M. Hentzien, M. Pascard, Y. N’Guyen, A. Servettaz, L. Andreoletti, 
L. Kanagaratnam, D. Jolly, Corticosteroid therapy for patients with CoVID-19 
pneumonia: a before-after study, Int. J. Antimicrob. Agents (2020), 106077. 

[32] Y. Li, X. Zhou, T. Li, S. Chan, Y. Yu, J.-W. Ai, H. Zhang, F. Sun, Q. Zhang, L. Zhu, et 
al., Corticosteroid prevents COVID-19 progression within its therapeutic window: a 
multicentre, proof-of-concept, observational study, Emerg. Microbes Infect. 9 (1) 
(2020) 1869–1877. 

[33] B.M. Tomazini, I.S. Maia, A.B. Cavalcanti, O. Berwanger, R.G. Rosa, V.C. Veiga, 
A. Avezum, R.D. Lopes, F.R. Bueno, M.V.A.O. Silva, et al., Effect of dexamethasone 
on days alive and Ventilator-Free in patients with moderate or severe acute 
respiratory distress syndrome and COVID-19: the CoDEX randomized clinical trial, 
JAMA 324 (13) (2020) 1307–1316. 

[34] The WHOREAfC-TWG, Association between administration of systemic 
corticosteroids and mortality among critically ill patients with COVID-19: a meta- 
analysis, JAMA 324 (13) (2020) 1330–1341. 

[35] G.W. Waterer, J. Rello, Steroids and COVID-19: We Need a Precision Approach, 
Not One Size Fits All, Infect. Dis. Ther. (2020) 1–5. 

[36] S. Shaikh, H. Verma, N. Yadav, M. Jauhari, J. Bullangowda, Applications of steroid 
in clinical practice: a review, ISRN Anesthesiol. 2012 (2012) 985495. 

[37] Breakthrough: Ibuprofen/nitazoxanide/azithromycin: a Battle Changer 
Personalized COVID-19 Telemedicine Five Days Protocol, 2020. https://www.auth 
orea.com/users/318758/articles/460853-breakthrough-ibuprofen-nitazoxanide-a 
zithromycin-a-battle-changer-personalized-covid-19-telemedicine-five-days-prot 
ocol?commit=52337e49b98b96fae21dab166828780e5f544a80. 

[38] L. Fang, G. Karakiulakis, M. Roth, Are patients with hypertension and diabetes 
mellitus at increased risk for COVID-19 infection? Lancet Respir. Med. 8 (4) (2020) 
e21. 

[39] M.T. Kelleni, ACEIs, ARBs, ibuprofen originally linked to COVID-19: the other side 
of the mirror, Inflammopharmacology 28 (6) (2020) 1477–1480. 

[40] N. Moore, B. Carleton, P. Blin, P. Bosco-Levy, C. Droz, Does Ibuprofen Worsen 
COVID-19? Drug Saf. 43 (7) (2020) 611–614. 

[41] L. Smart, N. Fawkes, P. Goggin, G. Pennick, K.D. Rainsford, B. Charlesworth, Shah 
N: a narrative review of the potential pharmacological influence and safety of 
ibuprofen on coronavirus disease 19 (COVID-19), ACE2, and the immune system: a 
dichotomy of expectation and reality, Inflammopharmacology (2020). 

M.T. Kelleni                                                                                                                                                                                                                                      

http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0005
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0005
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0005
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0010
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0010
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0010
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0015
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0015
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0015
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0020
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0020
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0025
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0025
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0025
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0030
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0030
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0030
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0035
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0035
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0035
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0040
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0040
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0040
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0045
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0045
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0045
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0050
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0050
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0050
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0050
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0055
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0060
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0060
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0060
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0065
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0065
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0065
https://journal.sketchingscience.org/users/318758/articles/448656-ibuprofen-potential-addition-to-covid-19-early-management-protocols-could-it-be-superior-to-paracetamol-and-hydroxychloroquine
https://journal.sketchingscience.org/users/318758/articles/448656-ibuprofen-potential-addition-to-covid-19-early-management-protocols-could-it-be-superior-to-paracetamol-and-hydroxychloroquine
https://journal.sketchingscience.org/users/318758/articles/448656-ibuprofen-potential-addition-to-covid-19-early-management-protocols-could-it-be-superior-to-paracetamol-and-hydroxychloroquine
https://journal.sketchingscience.org/users/318758/articles/448656-ibuprofen-potential-addition-to-covid-19-early-management-protocols-could-it-be-superior-to-paracetamol-and-hydroxychloroquine
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0080
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0080
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0080
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0085
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0085
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0085
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0090
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0090
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0090
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0095
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0095
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0095
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0095
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0100
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0100
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0105
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0105
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0105
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0105
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0105
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0110
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0110
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0110
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0115
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0115
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0115
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0115
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0115
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0115
https://www.who.int/news-room/q-a-detail/q-a-hydroxychloroquine-and-covid-19
https://www.who.int/news-room/q-a-detail/q-a-hydroxychloroquine-and-covid-19
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0130
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0130
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0135
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0135
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0140
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0140
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0140
https://sfar.org/download/recommandations-dexperts-portant-sur-la-prise-en-charge-en-reanimation-des-patients-en-periode-depidemie-a-sars-cov2/?wpdmdl=25387%26refresh=5e9db5d4aef411587394004
https://sfar.org/download/recommandations-dexperts-portant-sur-la-prise-en-charge-en-reanimation-des-patients-en-periode-depidemie-a-sars-cov2/?wpdmdl=25387%26refresh=5e9db5d4aef411587394004
https://sfar.org/download/recommandations-dexperts-portant-sur-la-prise-en-charge-en-reanimation-des-patients-en-periode-depidemie-a-sars-cov2/?wpdmdl=25387%26refresh=5e9db5d4aef411587394004
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0150
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0150
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0155
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0155
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0155
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0160
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0160
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0160
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0160
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0165
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0165
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0165
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0165
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0165
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0170
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0170
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0170
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0175
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0175
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0180
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0180
https://www.authorea.com/users/318758/articles/460853-breakthrough-ibuprofen-nitazoxanide-azithromycin-a-battle-changer-personalized-covid-19-telemedicine-five-days-protocol?commit=52337e49b98b96fae21dab166828780e5f544a80
https://www.authorea.com/users/318758/articles/460853-breakthrough-ibuprofen-nitazoxanide-azithromycin-a-battle-changer-personalized-covid-19-telemedicine-five-days-protocol?commit=52337e49b98b96fae21dab166828780e5f544a80
https://www.authorea.com/users/318758/articles/460853-breakthrough-ibuprofen-nitazoxanide-azithromycin-a-battle-changer-personalized-covid-19-telemedicine-five-days-protocol?commit=52337e49b98b96fae21dab166828780e5f544a80
https://www.authorea.com/users/318758/articles/460853-breakthrough-ibuprofen-nitazoxanide-azithromycin-a-battle-changer-personalized-covid-19-telemedicine-five-days-protocol?commit=52337e49b98b96fae21dab166828780e5f544a80
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0190
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0190
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0190
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0195
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0195
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0200
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0200
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0205
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0205
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0205
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0205


Biomedicine & Pharmacotherapy 133 (2021) 110982

4

[42] D. Bean, Z. Kraljevic, T. Searle, R. Bendayan, A. Pickles, A. Folarin, L. Roguski, 
K. Noor, A. Shek, K. gallagher, et al., Treatment with ACE-inhibitors is associated 
with less severe disease with SARS-Covid-19 infection in a multi-site UK acute 
Hospital Trust, medRxiv 2020 (2004) (2020) 2007, 20056788. 

[43] M. Sodhi, M. Etminan, Safety of Ibuprofen in Patients With COVID-19: Causal or 
Confounded? Chest (2020). S0012-3692(0020)30572-30579. 

[44] E. Rinott, E. Kozer, Y. Shapira, A. Bar-Haim, I. Youngster, Ibuprofen use and 
clinical outcomes in COVID-19 patients, Clin. Microbiol. Infect. (2020). 

[45] L.C. Lund, K.B. Kristensen, M. Reilev, S. Christensen, R.W. Thomsen, C. 
F. Christiansen, H. Stovring, N.B. Johansen, N.C. Brun, J. Hallas, et al., Adverse 
outcomes and mortality in users of non-steroidal anti-inflammatory drugs who 
tested positive for SARS-CoV-2: a Danish nationwide cohort study, PLoS Med. 17 
(9) (2020), e1003308. 

[46] B. Winther, N. Mygind, The therapeutic effectiveness of ibuprofen on the symptoms 
of naturally acquired common colds, Am. J. Rhinol. 15 (4) (2001) 239–242. 

[47] B. Winther, N. Mygind, Potential benefits of ibuprofen in the treatment of viral 
respiratory infections, InflammoPharmacology 11 (4) (2003) 445–452. 

M.T. Kelleni                                                                                                                                                                                                                                      

http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0210
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0210
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0210
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0210
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0215
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0215
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0220
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0220
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0225
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0225
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0225
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0225
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0225
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0230
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0230
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0235
http://refhub.elsevier.com/S0753-3322(20)31174-4/sbref0235

