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Abstract 

Introduction: The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2), has rapidly grown into a public health 

emergency that has placed the national health systems as well as scientific research 

communities under enormous pressures. Drug repurposing or repositioning is a well-known 

strategy that seeks to deploy existing licensed drugs for newer indications and provides the 

quickest possible transition from bench to clinics for unmet therapeutic needs. Given the 

current, urgent and dire need for effective therapies against novel coronavirus-19, this 

approach is particularly appealing. 

Areas covered: Here, we review the significant anti-inflammatory, immunomodulatory, and 

antiviral properties of minocycline as potential mechanisms for efficacy against the novel 

coronavirus and highlight the promises and pitfalls of this approach. 

Expert opinion: As compared to other agents being investigated for COVID-19, minocycline 

offers distinct advantages in terms of potential efficacy in patients with life-threatening acute 

respiratory distress syndrome (ARDS) and myocardial injury, well-known safety and 

interaction profile, relatively low costs and widespread availability. We call upon public and 

private funders to facilitate urgent and rigorous research efforts before evidence-based 

recommendations for its widespread use can be made. 

 

Keywords: Minocycline, COVID-19, SARS-CoV-2, drug repurposing, cytokine storm, 

ARDS, myocardial injury 
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Article highlights 

• Drug repurposing offers several advantages over traditional novel drug development 

and provides the quickest possible transition from bench to bedside. 

• Minocycline, a well characterized tetracycline, possesses significant anti-

inflammatory, immunomodulatory, antiapoptotic and antioxidant actions in addition 

to its antibiotic properties. 

• Based on these non-antibiotic activities, this article reviews the potential mechanisms 

for its efficacy against the novel coronavirus and highlights the promises and pitfalls 

of this approach 

• For COVID-19 patients, minocycline offers advantages in terms of potential efficacy 

in acute respiratory distress syndrome (ARDS) and myocardial injury, well known 

safety profile, low costs, and widespread availability. 

• Given the urgent need for COVID-19 specific therapies, public and private health 

sectors must facilitate high quality robust research to characterize the efficacy and 

safety of minocycline in COVID-19 patients. 
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1. Introduction 

Coronavirus disease-2019 (COVID-19), caused by Severe Acute Respiratory Syndrome-coV-

2 (SARS-CoV-2) virus, has emerged as a serious pandemic affecting significant populations 

worldwide. According to the World Health Organization (WHO) COVID-19 - situation 

reports, by the end of March 2020, more than 750,000 confirmed cases and nearly 36400 

deaths have been reported globally [1].  As the pandemic rapidly evolves and expands, there 

has been an alarming rise in the number of cases worldwide. However, to date, therapeutic 

options for the affected patients remain very limited and the treatment is mainly symptomatic. 

Individuals with severe disease often require oxygenation support with mechanical 

ventilation indicated in cases with acute respiratory distress syndrome. Given the lack of a 

specific antiviral drug or vaccine against SARS-CoV-2, few investigational approaches with 

limited efficacy and questionable safety are being tried in these patients [2]. Therefore, the 

current situation underscores a dire need for developing newer therapeutic options or 

repurposing existing drugs to improve COVID-19 patient outcomes. Developing novel 

therapies requires substantial investments in terms of money as well as time, and is an 

inherently risky process with a limited probability of success  [3]. Moreover, lack of adequate 

clinical experience and safety data regarding new drugs can pose a bigger challenge when it 

comes to prescribing them to masses in the pandemic settings as prevailing currently. 

Repurposing or repositioning existing medicines for new uses is a well-known strategy 

offering significant advantages in terms of lower risk of safety failures, abbreviated time 

frames, lower costs, and further potential for exploitation for related disease conditions [4].   

Minocycline,  a well-characterized tetracycline antibiotic, because of its myriad actions, has a 

significant potential to be repurposed as an effective therapeutic option for COVID-19 

patients. In this article, we review the proposed pathogenetic mechanisms for COVID-19, 

current evidence that forms the basis of potential utility of minocycline, and the opportunities 
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and challenges surrounding this repurposing proposition. An open search for relevant articles 

was undertaken in MEDLINE and google search using keywords like “minocycline”, 

“tetracyclines”, “COVID-19”, “SARS”, “H1N1”, “anti-inflammatory”, 

”immunomodulatory”, “antiviral”, “acute respiratory distress syndrome”, and “myocardial 

injury”, with their corresponding MeSH terms, if any, joined by OR/AND operators, where 

applicable. In addition, the reference lists of the preliminary search result articles were used 

to further gather relevant papers using the snowball method. We did not apply search filters, 

but the articles were limited to those published in English language only. 

 

2. Pathogenesis of COVID-19 disease and the role of cytokines 

Although the pathogenesis of COVID-19 disease is under active investigation, in most of the 

infected individuals, lungs are primarily affected, with manifestations ranging from 

pneumonia to acute respiratory distress syndrome (ARDS) [5]. The principal mode of  

human-to-human transmission is through close contact, via droplets from infected individuals 

through coughing or sneezing and contact with contaminated surfaces [6,7]. The 

asymptomatic incubation period varies from 2 to 14 days during which the spread can occur. 

About 81 percent of the infected individuals have mild to moderate symptoms, and the 

remaining have severe to critical disease which can lead to considerable morbidity and 

mortality [8]. Although SARS-CoV-2 infection has been reported across all ages, middle 

aged adults and elderly are most commonly affected. Older adults, if infected are also at a 

significantly increased risk of severe disease and increased mortality. As per data from 

Centers for Disease Control and Prevention, 8 out of 10 deaths in US have been recorded in 

adults aged 65 years or older and case fatality rates range from 4-11% in adults aged 65-84 

years and 10-27% in those aged 85 years and more [7]. SARS-CoV-2 binds to the angiotensin 

converting enzyme 2 (ACE-2) as a receptor for entering into the cells and this step is an 
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important determinant for the pathogenesis of COVID-19 infection and its complications 

[9,10]. COVID-19 infection may lead to an excessive immune response in the severely 

affected individuals resulting in a  ‘cytokine storm’ which in turn leads to widespread organ 

damage [11,12]. The chief perpetrator of this cytokine storm is interleukin-6 (IL-6), a 

proinflammatory molecule, that acts on a large number of cells, releases acute phase 

reactants, and is capable of causing extensive tissue damage [13]. IL-6 is clearly implicated in 

the causation of cytokine release syndrome (CRS), which is characterized by rapid 

inflammatory cascade leading to fever, septic shock, and multiple organ failure, the most 

common of which is ARDS – the leading cause of mortality [13,14].  In a recent retrospective 

multicentric study , the authors identified the predictors of fatality in 150 confirmed COVID-

19 cases in Wuhan, China. They found that IL-6 levels were significantly higher among 

deceased individuals indicating that the mortality could be linked to hyperinflammation [14]. 

Other cytokines linked to COVID-19 disease severity, include IL-2, IL-7, IL-10, granulocyte 

colony stimulating factor (G-GSF), interferon-γ (IF- γ) inducible protein 10, monocyte 

chemoattractant protein 1, macrophage inflammatory protein 1-α, and tumour necrosis factor-

α (TNF-α) [11,15]. Chen et al., while evaluating severe COVID-19 cases, found markedly 

elevated expression of cytokines - IL-6, IL-2R, IL-10, and TNFα as compared to individuals 

with moderate disease. In addition, lymphopenia has been seen affecting CD4+T cells and 

CD8+T cells but not B cells [12,16]. These findings confirm the preclinical observations of 

cytokine storm dampening the adaptive immune responses against SARS-CoV infection [17]. 

The severity of cytokine storm and CD4+/CD8+ T-cell lymphopenia is directly correlated 

with pulmonary disease severity, respiratory distress, and adverse COVID-19 outcomes.  

3. Minocycline and its potential in COVID-19 disease and its complications 

Minocycline is a semi-synthetic tetracycline analogue having broad-spectrum activity against 

a wide range of gram-positive and gram-negative bacteria, Rickettsia, Mycoplasma 
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pneumoniae, Chlamydia and Plasmodium spp., and many spirochetes [18–20].  The drug has 

been used since 1972 and its range of clinical applications include infections by susceptible 

microorganisms and rheumatoid arthritis [18,19,21].   In more recent years, several studies 

have demonstrated its non-antibiotic activities including anti-inflammatory, antioxidant, anti-

apoptotic, neuroprotective, and anti-cancer properties [20]. Minocycline’s significant anti-

inflammatory and immunomodulatory effects can offer potential advantages in the 

management of COVID-19 patients, particularly for its respiratory complications - ARDS 

and multiorgan damage. As outlined above, COVID-19 disease associated ARDS occurs as a 

consequence of cytokine storm with IL-6 and other cytokines playing a key role in effecting 

organ damage and mortality. Minocycline has been shown to significantly reduce the 

secretion of cytokines such as IL-6, IL-2 and TNF-α, hence offering a potential role in 

ameliorating COVID-19 disease associated cytokine release syndrome [20,22,23]. In 

addition, minocycline treated cell cultures have shown significant inhibition of activated 

phagocytes and IF- γ expression in CD8+ T cells [24].   In several preclinical studies 

involving acute respiratory distress syndrome models, administration of chemically modified 

tetracyclines (CMT), particularly CMT-3, significantly delayed the development of ARDS 

and prolonged survival in the treated animals as compared to the control group. Tetracycline 

therapy in these animals was also successful in reducing histological lesions of ARDS [25–

28]. CMT-3 is a non-antibiotic tetracycline with multiple pleiotropic anti-inflammatory 

activities including inhibition of matrix metalloproteinases, elastases, IL-6 and TNF-alpha 

[29,30]. In fact, the potential role of tetracyclines in the prevention and treatment of severe 

respiratory complications in the epidemic settings of  H1N1 influenza and severe acute 

respiratory syndrome (SARS) caused by a coronavirus has been earlier proposed nearly a 

decade ago [31]. Although other clinically available tetracyclines have been reported to 
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possess some of these pleiotropic anti-inflammatory and immunomodulatory properties, they 

have not yet displayed similar efficacy in animal models when compared to minocycline [20]. 

The notion that mitigating the cytokine storm using anti-inflammatory therapies targeted 

against IL-6 and other cytokines might be useful, is being investigated in several ongoing 

trials [32]. Tocilizumab, a well-known anti IL-6 monoclonal antibody has been included as a 

putative therapy for the management of COVID-19 in some treatment protocols [33–

35].Clinical trials assessing efficacy and safety of tocilizumab, sarilumab, and siltuximab - 

other monoclonal antibodies targeting IL-6 are currently underway [36,37]. Based on the 

similar notion, other therapeutic options include corticosteroids, intravenous immunoglobulin 

and IL-1 blocker anakinra [15].. However, most of these approaches have limited efficacy 

based on current evidence and possess significant adverse effects, including 

immunosuppression and possible flaring up of viral infection and secondary bacterial 

infections [38,39].  

Although primarily a respiratory illness, there is a seemingly complex interplay between the 

causative SARS-CoV-2 virus and the cardiovascular system of the host. Underlying 

cardiovascular disorders not only predispose individuals to COVID-19 infection but are also 

associated with significantly higher risk of adverse outcomes [8,40,41]. In addition, COVID-

19  itself is associated with myriad cardiovascular complications ranging from myocarditis, 

acute myocardial injury, acute coronary syndromes, arrhythmias, acute heart failure, venous 

thromboembolism, and, in extreme scenarios, cardiogenic shock and death [42,43]. In the 

study by Shi et al. involving 416 COVID-19 patients, those with cardiac injury had a 

significantly higher incidence of acute respiratory distress syndrome (59% vs. 15%; p < .001) 

and a significantly elevated mortality rate (51% vs. 5%; p< .001) as compared to cases 

without cardiac injury [44]. In their study, both cardiac injury as well as ARDS, were 

significantly and independently related to mortality in multivariable adjusted models, with 
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hazard ratios of 4.3 and 7.9, respectively . In another study, mortality rates were significantly 

higher among COVID-19 patients who had elevated troponin T levels as compared to those 

with normal levels and the former group also had a higher incidence of ARDS [45]. The 

proposed mechanisms of myocardial injury in these patients include the cytokine storm 

occurring in the presence of respiratory insufficiency and hypoxaemia and dysregulated 

immune mechanisms in addition to unique pathogen triggered pathways leading to adverse 

cardiovascular outcomes [42,43]. There is also a possibility of direct viral invasion and 

damage to cardiomyocytes, although further studies are needed to substantiate these findings 

[45,46]. Two further studies have revealed significantly elevated levels of IL-6 and other 

inflammatory biomarkers like serum ferritin among patients who died due to COVID-19 

disease related myocardial injury, further indicating high inflammatory burden and a 

possibility of increased cardiac events [14,41]. Minocycline could be a potential therapy for 

preventing cytokines induced myocardial injury and consequent mortality in COVID-19 

patients. The drug offers potent and multifaceted anti-inflammatory and immunomodulatory 

actions affecting multiple pathways, unlike tocilizumab and anakinra. Minocycline is known 

to concentrate in normal as well as ischemic myocardium and has demonstrated considerable 

cardiac cytoprotective properties in several preclinical studies by virtue of its anti-

inflammatory, antiapoptotic, antioxidant and matrix metalloproteinase inhibitory actions [47–

51].  In order to simulate clinically translatable conditions, Yamaki et al. administered 

minocycline upon reperfusion in a rabbit model of ischemia/reperfusion injury. They found 

significantly reduced myocardial damage as evaluated using Indium-111-labeled 4-(N-(S-

glutathionylacetyl) amino) phenylarsonous acid (111In-GSAO) imaging and histopathologic 

studies [52].  

Being a broad-spectrum antibiotic, minocycline possesses good clinical activity against a 

variety of aerobic and anaerobic microorganisms. It can possibly prevent secondary bacterial 
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infections that can worsen prognosis and contribute to significant mortality in affected 

patients [11,53].  In the study by Zhou et al., secondary bacterial infections were recorded in 

15% COVID-19 patients. However, among non-survivors, the rates were as high as 50% [41]. 

Although we could not find any direct evidence supporting the use of minocycline in 

COVID-19 diagnosed patients, the molecule appears to have activity against several viral 

pathogens. In the study by Lemaitre et al., minocycline prevented the human 

immunodeficiency virus (HIV) induced cytopathic effects in CEM cells between 7-14 days 

after infection and these cells could be maintained in culture for up to 7 weeks even in the 

absence of minocycline [54]. In an accelerated model of simian immunodeficiency virus 

disease, minocycline treated macaques had decreased expression of neuroinflammatory 

markers, reduced activation of tissue macrophages as well as lesser CNS replication of the 

virus and axonal degeneration [55]. In the study by Szeto et al., minocycline reduced HIV 

replication as well as reactivation in primary human CD4+ T cells. They also demonstrated 

minocycline induced decreased CD4+ T cell activation as well as significantly reduced IL-2, 

IFN-γ, and TNF-α secretion. The anti-HIV effects of minocycline were found to be mediated 

by the modification of cellular environment rather than direct drug induced antiviral effects 

[22]. Minocycline has shown inhibition of H7N9 influenza and West Nile virus (WNV) 

replication in in vitro studies [56,57]. It also inhibited WNV induced apoptosis and activation 

of c-Jun N-terminal kinases (JNK). In an experimental model of Japanese encephalitis, 

minocycline conferred complete protection and reduced neuronal apoptosis, caspase activity, 

expression of inflammatory mediators, microglial activation, as well as viral titers in infected 

mice on day 9 post-infection [58]. In more recent studies, minocycline treatment after 

enterovirus 71 infection revealed anti-inflammatory and antiviral properties in vitro and 

reduced mortality and disease severity in mice infected with the virus [59]. In dengue virus 

infected mice model, treatment with minocycline reduced viral load, macrophage migration 
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inhibitory factor (MIF)-induced autophagy, and improved survival [60]. Bawage et al. 

investigated effects of minocycline treatment on respiratory syncytial virus (RSV) infection 

and found reduced cytopathic effects and successful prevention of RSV infection in their 

study [61]. However, despite considerable preclinical evidence, some of the early antiviral 

benefits could not be replicated in limited human studies with minocycline so far, partly 

explained by the fact that most of these had small sample sizes and were of short 

duration[62].   

 

3.1 Repositioning minocycline for COVID-19 disease: Opportunities 

To date, there are no FDA approved therapies or vaccines available against COVID-19. 

Several investigational agents are being assessed under compassionate use protocols or 

clinical trials based on in-vitro efficacy data and limited clinical experience gathered 

primarily through underpowered, non-randomized or observational studies. Minocycline has 

a proven safety record of clinical use over more than 35 years and is largely devoid of major 

significant adverse effects and drug interactions [20]. Even when used chronically at doses up 

to 200 mg/day, the highest approved dosage, the drug is generally safe and well-tolerated by 

patients [20,63,64]. When compared to other members of the tetracycline class, it has an 

improved pharmacokinetic profile in the form of rapid and complete absorption and excellent 

oral bioavailability, long half-life, marked tissue penetration, and safety even in the elderly 

populations [65,66].  

Common adverse effects, including nausea, vertigo, and mild dizziness, generally appear 

immediately following administration and are short-lived following discontinuation [20]. 

Considering the fact that most COVID-19 patients will be requiring treatment for a few days 

only, the potential use of minocycline in these patients in unlikely to be fraught with 

significant tolerability issues.  
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Potential desirable pharmacodynamics properties of minocycline present another opportunity 

for developing minocycline for management of COVID-19 disease. It targets multiple 

inflammatory cytokines including the principal culprits - IL-6 and TNF-alpha. Its potent 

immunomodulatory effects could turn instrumental in treating and preventing COVID-19 

related complications and mortality. The proposed role in COVID-19 related myocardial 

injury also attracts scientific interest in exploring its clinical utility in these patients. 

Furthermore, as mentioned above, COVID-19 patients may possibly develop life-threatening 

secondary bacterial infections particularly pneumonias, which can be tackled by minocycline 

given its broad-spectrum antibiotic activities.  Minocycline also has cost advantages since it 

is an off-patent drug and is relatively inexpensive as compared to other alternatives being 

currently investigated such as lopinavir/ritonavir, remdesivir, tocilizumab and other biologics. 

Given the scale of COVID-19 pandemic so far and based on future projections, such cost 

advantages can be crucial to support overburdened national healthcare systems across the 

world, especially in resource-constrained lower and middle-income countries. The drug is 

also readily available when compared to alternatives such as chloroquine and 

hydroxychloroquine. Minocycline carries minimal potential to interact with 

hydroxychloroquine, azithromycin or tocilizumab, alternative agents being investigated for 

the treatment of COVID-19 patients. Hydroxychloroquine, one of the most widely 

recommended agents by national and institutional guidelines, on the other hand, can interact 

adversely with other anti-COVID-19 therapies [34,67–69].  When used with azithromycin, it 

can cause QT interval prolongation leading to increased risk for fatal ventricular arrhythmias, 

whereas with tocilizumab, there can be marked immunosuppression [70]. Moreover, recent 

data for the efficacy and safety of hydroxychloroquine in COVID-19 have been equivocal 

[71,72]. The reporting studies have had several lacunae such as design flaws, lack of 

adequate control groups, small sample sizes and suboptimal reporting [73,74]. Given the 
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wealth of experience and relative safety of minocycline, particularly over short-term use, the 

drug offers a much safer option for managing COVID-19 patients.  

 

 

3.2 Repositioning minocycline for COVID-19 disease: Challenges 

Based on the arguments discussed above, minocycline appears to be a promising therapy for 

COVID-19 patients. However, the eventual successful uptake of this drug by treating 

clinicians will require tackling certain challenges. The first and foremost being the lack of 

direct preclinical and clinical evidence of activity against SARS-CoV-2 virus and efficacy in 

COVID-19 patients, respectively. In vitro studies are the typical ‘low hanging fruits’ in the 

present situation that can support or refute the role of minocycline in COVID-19. According 

to the recent updates of WHO COVID-19 disease modelling expert group, progress has been 

made in the development of large animal models – particularly rhesus macaque monkeys and 

ferrets, that represent mild COVID-19 disease in humans [75]. Even though it is envisaged 

that the principle role of minocycline will be in severely diseased patients who are at high 

risk of cardiovascular complications and ARDS, these animal models can nevertheless 

provide preliminary evidence of in vivo efficacy. However, as has been the case for other 

experimental treatments viz. hydroxychloroquine, chloroquine, lopinavir/ritonavir, in vitro 

efficacy may not translate into unequivocal clinical benefits [76]. In the prevailing scenario, 

these limitations can also be ascribed to difficulty in conducting well-designed, adequately-

powered randomized controlled trials given the overwhelmed healthcare systems and the 

constant tension between research and clinical care of patients often seen in public health 

emergencies [77,78].  Minocycline, although relatively safe, can cause some adverse effects 

like nausea, vomiting, headache, dizziness, discoloration of the skin and teeth, phototoxicity, 
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susceptibility to super-infections, and rarely pseudotumor cerebri and hypersensitivity 

reactions. Moreover, because of potential teratogenicity risk, its use in pregnant women is not 

recommended [19,79].   
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4. Expert opinion 

As the COVID-19 pandemic rages, the worldwide scientific community is in a race against 

time to find safe and effective therapies and vaccines. However, de novo drug development is 

a complex, expensive, and time-consuming process with high failure rates of nearly 90%.  

Therefore, it might be prudent to reposition and investigate existing agents with potential to 

address the significant unmet therapeutic needs of COVID-19 patients.   

None of the currently utilized medical therapies has demonstrated unequivocal improvement 

in patient outcomes among infected individuals. The current evidence base is thin and relies 

largely on in-vitro data and observational or underpowered, non-randomized studies with 

high risks of bias and imprecise effect estimates.  When compared to other anti-COVID-19 

candidate drugs being explored, minocycline offers definite advantages in terms of potential 

efficacy, especially in patients diagnosed with severe disease, favourable safety and 

interaction profile, low costs, and wider availability across the globe. This second-generation 

tetracycline has a significant potential to be repurposed for the COVID-19 management, 

particularly for its two most serious complications – ARDS and myocardial injury.  While 

several antiviral agents are being actively evaluated to address the COVID-19 threat, the use 

of these alone is unlikely to be sufficient to tackle the cytokine release syndrome, lung injury 

and eventual respiratory failure in patients who suffer from severe forms of illness and 

present late during the course. Minocycline mediated anti-inflammatory, and 

immunomodulatory effects can possibly ameliorate the complex pathophysiology and 

hopefully improve mortality in these patients. If successful, it can be readily deployed 

worldwide at affordable costs, especially to the lower- and middle-income countries. In 
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contrast, it is reasonable to assume that even if made available, novel drugs are unlikely to be 

affordable for vast majority of such populations. 

Nevertheless, despite the promise minocycline may hold, rigorously conducted large scale 

clinical studies are required before evidence-based recommendations for its widespread use 

can be made. Since the drug is off-patent and commercial gains for big pharma are unlikely, 

academic - preclinical as well as clinical, research into minocycline’s efficacy in COVID-19 

treatment must be encouraged and supported by public as well as private funding. The drug 

regulators will also need to expedite and accelerate the development of such potentially 

lifesaving therapies through guidance and technical assistance wherever needed.  Together 

these studies will help unravel the potential mechanisms of action of minocycline, its 

optimum dose and duration of therapy and possible synergistic actions with other anti-

COVID-19 therapies under investigation. 
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