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The pandemic caused by SARS-CoV-2 has infected more than 94 million people worldwide (as of 17 January 2020). Severe disease is believed to be secondary to the cytokine release syndrome (CRS or “cytokine storm”) which causes local tissue damage as well as multi-organ dysfunction and thrombotic complications. Due to the high mortality rates in patients receiving invasive ventilation, practice has changed from “early-intubation” for acute respiratory distress syndrome (ARDS) to a trial of non-invasive ventilation (NIV) or high flow nasal cannula (HFNC) oxygen. Reports indicating the benefit of NIV and HFNC have been encouraging and have led to more than 20,000 such devices being manufactured and ready for roll-out in South Africa (SA) as of July 2020. The need to identify drugs with clear clinical benefits has led to an array of clinical trials, most of which are repurposing drugs for COVID-19. The treatment landscape reflects the need to target both the virus and its effects such as the CRS and thrombotic complications. Conflicting results have the potential to confuse the implementation of coordinated treatment strategies and guidelines. The purpose of this review is to address pertinent areas in the current literature on the available medical treatment options for COVID-19. Remdesivir, tocilizumab, and dexamethasone are some of the treatment options that have shown the most promise, but further randomized trials are required to particularly address timing and dosages to confidently create standardized protocols. For the SA population, two healthcare sectors exist. In the private sector, patients with medical insurance may have greater access to a wider range of treatment options than those in the public sector. The latter serves >80% of the population, and resource constraints require the identification of drugs with the most cost-effective use for the greatest number of affected patients.
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INTRODUCTION

Coronavirus Disease 2019 (COVID-19) caused by SARS-CoV-2 emerged late in 2019 in China and has now spread to most countries across the world. The first case in SA was reported on 5 March 2020 and was followed by an initial strict lockdown from 27 March to 30 April 2020. Different levels of lockdown have been experienced since then and SA is currently experiencing its second wave as has been the case with many nations around the world. The Western Cape (WC), Gauteng, Kwa-Zulu Natal (KZN), and Eastern Cape have been at the center of the epidemic and the total number of patients who have tested positive to date in SA is 1,325,659 with 36,851 reported deaths (17 January 2021) (1). This translates into a case fatality rate of about 2.8% for SA which compares favorably with mortality rates reported in the USA and Italy of 3.5 and 16.7%, respectively (2). It has been proposed that the lower mortality rate may be due to the fact that SA has a younger population with a median age of 27.6 years, whilst in Italy this is 47.3 years (3).

It is well-recognized that the spectrum of disease caused by SARS-CoV-2 ranges from asymptomatic infection to severe acute respiratory distress syndrome (ARDS) and multi-organ failure. The latter is mostly secondary to systemic hyperinflammation, known as the cytokine release syndrome (CRS) or “cytokine storm” (4). The disease tends to be more severe in men, those individuals who are older than 60 years of age and those with associated comorbidities such as hypertension and diabetes mellitus. The high prevalence of human immunodeficiency virus (HIV) infection in SA is also cause for concern although the impact of HIV on outcomes in COVID-19-infected patients is currently unknown (5). In addition to sex, age and comorbidities, a number of prognostic factors associated with poor outcome have been identified since the start of the pandemic, and these include dyspnea, haemoptysis, heart and respiratory rate, and hematological or biochemical parameters including the neutrophil:lymphocyte ratio, serum LDH, albumin, lactate, NT-ProBNP, and bilirubin concentrations. These parameters have been incorporated into scoring systems such as the A-DROP (6) and COVID-GRAM scores (7) to predict potential outcomes in patients with COVID-19.

The COVID-19 pandemic has rightly focused attention on vaccine development with 10 vaccines rapidly entering clinical trials within a few months (8). A limited number of vaccines have received regulatory approval and vaccination has begun in several countries. By being a part of Covax, where resources are pooled for global distribution (8), SA is hopeful to start vaccinating frontline medical personnel in the next few months. Until the vaccine is widely administered both in SA and other countries, the disease will continue to be propagated and patients will require appropriate medical management. Strategies vary from one country to another as numerous agents are tested and either removed from or added to treatment protocols. Though many randomized control trials have been undertaken, much of current therapy is supportive or experimental in nature. The aim of this review is to provide information on the therapeutic options available to treat patients with COVID-19. The medications presented here have been grouped as followings: (i) therapy targeting viral attachment or replication; (ii) anti-inflammatory and immune-modulating therapy; (iii) supportive therapy; and (iv) novel cell-directed therapies. This is followed by two figures illustrating the point at which the various treatments might be effective as well as when to consider various forms of therapy during the progression of the disease.



THERAPY TARGETING VIRAL ATTACHMENT OR REPLICATION


Antimalarials
 
Hydroxychloroquine and Chloroquine Diphosphate

Chloroquine (CQ) and its analog hydroxychloroquine (HCQ) are antimalarial drugs with efficacy for certain chronic rheumatological diseases (9–12). Due to increasing resistance against CQ and a greater risk of toxicity when compared to HCQ (9), HCQ has now become the preferred treatment for rheumatological conditions, while CQ is used for malaria prophylaxis (11). The anti-viral effects of CQ have come to the fore in the last few decades (11) and in vitro activity of CQ against SARS-CoV-2 was reported by Wang et al. (13) The anti-viral effects are mediated through viral entry blockade (prevention of glycosylation of host receptors) (14), increasing the pH (alkalinization) of intracellular endosomes (which usually have an acidic environment) (13, 15) as well as immunomodulatory effects (14). A large observational study from New York city in the United States of America (USA) reported that the use of HCQ in 1,372 hospitalized patients did not increase or decrease the risk of intubation or death (16). The routine use of HCQ at this center was thus discontinued. Although one randomized trial from China has shown clinical benefit in a cohort of 62 patients, with a shorter period to resolution of pneumonia compared to the control group (80.6 vs. 54.8%) (17), another report of 30 patients again showed no difference between the treatment and control groups (18). A randomized trial of 150 patients attempted to determine whether initiation of HCQ for mild to moderate disease could decrease the negative conversion rate in patients (time from positive to negative test result) (19). Not only was no difference found in the HCQ group compared to controls, but a higher adverse event rate was shown with HCQ leading investigators to conclude that its use in mild-moderate disease should not be advocated. Borba et al. also showed that high doses of CQ, especially if used concomitantly with azithromycin and/or oseltamivir, resulted in a prolonged QTc interval on electrocardiogram (ECG) which may lead to fatal cardiac arrhythmias (9). A large multi-center retrospective observational study of 2,541 patients from Michigan in the USA showed improved survival in patients receiving HCQ, either alone or in combination with azithromycin (20). The authors claim that the early, standardized, safe dosing of HCQ as well as the use of an electrocardiogram (ECG) based algorithm to identify cardiac risk factors to guide the administration of HCQ, may have led to their positive results. A systematic review and meta-analysis of the use of HCQ with or without azithromycin (21) concluded that HCQ alone did not reduce mortality in hospitalized patients and that the addition of azithromycin greatly increased the mortality risk. The RECOVERY collaborative group then published their findings of HCO vs. standard of care in hospitalized COVID-19 patients and found no positive impact on mortality outcome with use of this drug (22). The World Health Organization (WHO) Solidarity trial (23) also found no benefit, and to date no data exists advocating for use of this drug in COVID-19 patients.



Artesunate

Artesunate is an artemisinin, a class of compounds originally derived from extracts of Artemisia annua (sweet wormwood) for the treatment of malaria (24), and has since been adopted by the World Health Organization (WHO). The use of artesunate has surpassed the use of chloroquines for the treatment of malaria and more recently for COVID-19 (25–27). Evidence for the use of Artemisia spp. extracts in traditional medicine dates back to 340 common era (CE) in Chinese culture (28) and is well-known across African cultures (29). Artesunate has been shown to have anti-viral properties against double- and single-stranded deoxyribose nucleic acid (DNA) and ribonucleic acid (RNA) viruses including human cytomegalovirus (HCMV), herpes viruses, hepatitis B and C, and related viruses (including Epstein-Barr virus) (30), providing the premise for deployment against SARS-CoV-2. The anti-viral mechanism of artesunate is thought to hinge on suppression of nuclear factor kappa beta (NF-κβ) activation (25). SARS-CoV-2 entry activates NF-αβ-regulated interleukin (IL)-6 amplifier, initiating the auto- and paracrine release of pro-inflammatory cytokines characteristic of the COVID-19 CRS (31). Artesunate could therefore mitigate the inflammatory response (32) and potentially improve patient outcome. Seven clinical trials have since been initiated to assess the efficacy of artesunate in different forms and administrations in reducing viral load and improving the prognosis of SARS-CoV-2-positive patients. A preliminary report documents a significant decrease in viral load and duration of hospitalization, and improved absorption of lung lesions in COVID-19 patients treated with 10 daily doses of 60 mg artesunate in addition to standard treatment (33).




Antivirals
 
Remdesivir

Remdesivir (RDV) is a prodrug of a nucleotide analog, adenosine (13, 34, 35) and was initially studied in the context of the Ebola and other haemorrhagic viruses (15). The mechanism of action involves the inhibition of viral RNA-dependent RNA-polymerases (RdRp), terminating viral RNA synthesis which is required to produce new viral RNA and proteins (14, 36, 37). This mechanism confers wide anti-viral activity against many viruses including coronaviruses (SARS-CoV, MERS-CoV) and filoviruses (e.g., Ebola) (35–38). An initial report of 61 severely ill COVID-19 patients (from USA, Canada, Japan, Europe) in whom compassionate use of RDV was initiated, suggested improved outcomes and reduced mortality (34). Five randomized trials for RDV have been reported. The first was a large multi-center placebo-control trial from 10 hospitals in China that showed no statistically significant difference in clinical improvement between treatment and control groups (35). What it did show however was a numerical decrease in time to clinical improvement in patients treated with RDV, if treatment was commenced within 10 days of symptoms. The second trial from the USA included 1,063 patients and showed that patients on RDV had a shorter time to recovery and improved mortality rate compared to the placebo group (39). This led to its authorization by the European Medicines Agency (EMA), as well as in the USA and Japan for use in COVID-19 patients (38). The third trial compared a 5- to a 10-day course of RDV with no statistically significant difference being observed (40). The absence of a control group makes the findings difficult to interpret. The most recent trial from Spinner et al. included patients with moderate COVID-19 from 105 hospitals in the USA, Europe, and Asia (41). The trial showed benefit in clinical status after a course of 5 days of RDV compared to standard of care, but not in patients receiving 10 days of treatment. None of the trials were congruent in study design, inclusion criteria and outcome parameters. Based on these initial findings, a model comparing availability of ICU beds and projected numbers of infections was applied to SA to determine the effect of the addition of treatment with RDV to all patients admitted to ICU. By decreasing time spent in ICU, this model showed that thousands of lives could potentially be saved in SA by December 2020 (42). Unfortunately RDV has not been widely available in the public sector in SA despite the fact that the pharmaceutical company Cipla indicated that RDV would be available in SA from mid-2020 (43). The outcomes of the pivotal WHO_Solidarity trial however showed no effect in mortality outcomes in patients receiving the drug (23). There is insufficient evidence presently to confidently exclude RDV as a treatment option in COVID-19 patients. What is required from future randomized trials is to determine the correct dose and timing of the drug, and which routes of administration and combination therapies are most effective (44) bearing in mind that hepatic and renal adverse events have been reported (45, 46) and must be considered in risk-benefit decisions.



Lopinavir/Ritonavir

Lopinavir/ritonavir (LPV/r) is a well-known protease inhibitor used as part of the triple anti-retroviral (ARV) therapy for human immunodeficiency virus (HIV) (15). Protease enzymes are necessary for final cleavage of viral proteins prior to virion assembly (15). Data suggests that early initiation of this drug in patients with SARS improves mortality rates (47), and this effect was even greater when combined with ribavirin (48), another antiviral. In SARS-CoV-2, a randomized control trial using LPV/r in 199 patients with severe COVID-19 showed no benefit when compared to standard-of-care treatment (49). Some researchers felt however that the study was underpowered and that further trials are required before discrediting a widely available treatment (50). A systematic review and meta-analysis was performed by Alhumaid et al. and included 14 studies comparing LPV/r use in combination with or in comparison with other antivirals or standard of care (51). The authors concluded that LPV/r offered “no statistically significant advantage in efficacy.” The WHO Solidarity trial also showed no benefit (23). Further large randomized studies are awaited to adequately determine the effectiveness of this drug as well as the stage at which to implement it in the clinical course of COVID-19, especially in view of its side -effect profile (51, 52).



Interferon

Type I interferons, which include interferon-beta (IFN-β) and interferon-alpha (IFN-α), are antiviral cytokines with immunomodulatory properties. Interferon-beta (IFN-β) is a polypeptide drug that reduces neuronal inflammation and is approved for the treatment of relapsing-remitting multiple sclerosis (MS) while IFN-α has been used for the treatment of chronic hepatitis C (53–55). In the body, type I interferons are produced by most cells in response to viral infection and regulate antigen presentation, promote cytotoxic activity, and play a key role in the innate immune response (53, 56). IFN-β reduces the body's immune response by blocking the activity of type II interferons (IFN-gamma) and thus reducing inflammation (57). COVID-19 evades the innate immune system by suppressing endogenous IFN-β production, thereby increasing susceptibility to the development of severe symptoms. The use of cytokines with anti-viral activity such as IFN to treat patients infected with SARS-CoV-2 has been assessed in small clinical trials. Synairgen, a British Biotech Company, reported positive results from their phase 2 double blind placebo-controlled trials on 101 hospitalized COVID-19 patients with an inhaled form of IFN-β (SNG001) (58–60). Although tested in a relatively small number of patients, the pilot study results suggest that this agent reduces the risk of developing severe disease (such as requiring ventilation) by 79% and accelerated time to recovery. The study also showed reduced breathlessness as well as patients being twice as likely to recover from the infection by day 28 (60). The SNG001 study is currently being expanded to include 120 at home patients (SG016) and is also set to move on to phase III clinical trials (SG018) (Available from: https://www.synairgen.com/covid-19/). IFN-β1a also displayed anti-inflammatory effects in vitro for SARS-CoV-2 and MERS-CoV, and upregulated lung antiviral defenses in phase 2 clinical trials for asthma and chronic obstructive pulmonary disease (COPD) (58, 61, 62). A retrospective study of 456 COVID-19 positive patients who received a combination of lopinavir and ritonavir with or without INF-β1b demonstrated a reduced mortality rate and improved oxygen support when INF-β1b was included in the treatment regime (63). Further ongoing phase II clinical trials for INF-β1a include the open-labeled randomized INTERCOP clinical trial where 126 mild-moderate COVID-19 patients with signs of pneumonia will be included (55).




Antibody Treatment
 
Convalescent Plasma

In patients who have recovered or are recovering from viral infections, neutralizing antibodies against the virus are found in the blood. Utilizing these antibodies in patients with active disease provides a potential means to contain the infection and in so-doing aims to decrease mortality (64, 65). Plasma is collected by apheresis and contains, in addition to neutralizing antibodies, certain anti-inflammatory cytokines and clotting factors, among many other proteins (66). These additional factors are thought to provide an added immunomodulatory mechanism against the COVID-19 CRS, but also in other viral infections (66), and also includes coagulation factors (67). Patients have to be ABO and RhD matched against the recipient and have to adhere to stringent criteria as with normal blood donation (68), as the risk of transfusion reactions is the same as with other blood products (65). Convalescent plasma transfusion (CPT) has been used with good effect in other infections such as severe acute respiratory syndrome (SARS-CoV), MERS-CoV, Ebola virus, and in the influenza A H1N1 pandemic, amongst others (67, 69).

The first trials using CPT for COVID-19 were reported from China and are summarized in a review by Rajendran et al. (64). The majority of patients were critically ill requiring intensive care, and infusion of CPT resulted in a measurable increase in the level of neutralizing antibodies. Although it appears that there may have been some benefit from the infusion, all patients were on additional therapies (e.g., antivirals and steroids) (70) making it difficult to determine whether the plasma contributed to the therapeutic effect (64). A further report showed that CPT did not impact on mortality when it was administered late in the course of disease, and this finding advocated for earlier administration in order to obtain clinical benefit (71). However, when given to patients with moderate COVID-19 in a randomized trial from India, no benefit was found in progression to severe disease, nor mortality (72). Initial reviews by Valk et al. (73) and Sarkar et al. (74), concluded that “low-certainty evidence” was available for a benefit from CPT in COVID-19 patients. Larger randomized controlled trials will be required to firmly establish the benefit of CPT and to establish guidelines on its most effective use, particularly its effect if administered very early in disease (75). Recent reviews have also failed to identify definitive evidence for clinical benefit (75, 76). Guidelines have been prepared by the International Society for Blood Transfusion (ISBT) providing guidance for the preparation and use of CPT in COVID-19 patients (77), with a special report focusing on the implementation of these guidelines in low and middle income countries (LMIC) (68). The South African National Blood Service (SANBS) has initiated collection of CPT for the purposes of a national clinical trial for COVID-19 patients (78).



Monoclonal Antibody Specific to SARS-CoV-2

Monoclonal antibodies (mAb) are produced as part of the body's response to pathogens and are specific to a single epitope of the pathogen. These Abs maintain memory B-cells which will mount an immune response following subsequent encounters with the same pathogen (79). SARS-CoV-2-infected individuals generate these unique sets of mAbs against the virus, which can be isolated and evaluated for efficacy before selection and mass-production for therapeutic purposes (80). The efficacy of mAbs in convalescent plasma differs between donors; following selection, mAb therapy could be prepared as an off-the-shelf product from the most potent mAb combinations against SARS-CoV-2. Preliminary studies have yielded promising results in the search for mAb or mAb cocktails targeting the SARS-CoV-2 S-protein (81–85). These studies may also provide insight into vaccine design to determine which mAb will illicit the most potent SARS-CoV-2 neutralization in uninfected individuals (81). The first randomized, placebo-controlled, double-blind Phase I clinical trial using a mAb (Ly-CoV555; NCT04411628) began treating patients in June 2020 (86). A multitude of studies have since emerged in the clinical trial space, leading to the development of a COVID-19 antibody therapeutics tracking tool by the Chinese Antibody Society (87) According to the tracker, 107 SARS-CoV-2 mAb treatments are in varying stages of development, of which 23 are clinical trials in Phase I, II, or III (https://chineseantibody.org/covid-19-track/; accessed 12/01/2021). Initial results using the Ly-CoV555 mAb (NCT04427501) indicated that treatment of COVID-19 outpatients may accelerate viral load clearance (88). However, more recent results (NCT04501978) showed that Ly-CoV555 when administered with RDV demonstrated little efficacy (89) which may result from insufficient participants for robust statistical analysis between groups, according to the authors. The mAb cocktail REGN-CoV2 produced by Regeneron Pharmaceuticals Inc. was assessed in COVID-19 patients and demonstrated effective reduction in viral load when administered early in infected patients (NCT04425629) (90) after having been assessed in rhesus macaques and hamsters in which it demonstrated marked viral load reduction (91).





ANTI-INFLAMMATORY AND IMMUNE-MODULATING THERAPY


Steroids

Corticosteroids are known to suppress inflammation (92) and provide blood pressure support, and were used in the SARS and MERS-CoV epidemics. Upon review of outcomes however, Russel et al. reported increased mortality, delayed clearance of infection, psychosis, and diabetes as some of the complications (14, 93). The authors argued that hypotension in respiratory related shock is more likely to be associated with increased intrathoracic pressure from invasive ventilatory support, and steroids were thus not thought to provide benefit. These arguments were countered by Shang et al. who claimed that benefit had been seen in previous cohorts of patients with viral pneumonias, particularly in severe disease (94). Based on these findings, an expert consensus document was released guiding the use of these drugs until evidence from a randomized control trial could be published. On the 16th June 2020, a breakthrough study was reported. Based in the United Kingdom (UK), the RECOVERY trial showed clear benefit from the use of dexamethasone in patients with COVID-19 requiring oxygen therapy (95, 96). There was a decrease in mortality by one third in ventilated patients, and by 20% in those on oxygen therapy. The average age of the patient cohort was 59 years; upon analysis of older age groups, the beneficial effect was less clear (97). The exact dose as well as the timing and duration of delivery are areas that were not addressed in the trial. This is particularly important, as dexamethasone has effects on B-cell antibody production as well as T-cell functioning and its use must be controlled in order to obtain the appropriate benefit (92). However, as dexamethasone is a relatively inexpensive and widely available drug, this was a very important finding and is encouraging for patients with severe COVID-19 disease.



Colchicine

Colchicine, an inexpensive anti-inflammatory agent used for the treatment of gout, has been used in small clinical trials as adjunctive therapy for patients with COVID-19 (98, 99). Colchicine works by interfering with COVID-19 related manifestations such as hyper-inflammation, and inhibits inflammasome activation, neutrophil chemotaxis and the production of pro-inflammatory cytokines such as interleukin-1beta (IL-1β) and interleukin-18 (IL-18) (98, 100, 101). In a small study of 5 patients who received colchicine for iatrogenic allogenosis (IA) or foreign modeling agent reactions (FMAR), COVID-19 patients displayed mild symptoms and did not require hospitalization (98). Another study in Italy compared 262 COVID-19 positive patients who either received standard of care (SoC) treatment or colchicine; a significantly higher survival rate was observed in patients who received colchicine (102). Four ongoing clinical trials include the Colchicine Coronavirus SARS-CoV2 trial (COLCORONA), The Greek Study in the Effects of Colchicine in COVID-19 Complications Prevention trial (GRECCO-19), the Colchicine Counteracting Inflammation in COVID-19 Pneumonia trial (COLCOVID-19), and the Effects of Colchicine on Moderate/High-risk Hospitalized COVID-19 Patients trial (ECLA PHRI COLOVID) (99, 101, 103–106). More recently, colchicine treatment has also been added to the RECOVERY trial in the UK where at least 2,500 patients will be recruited (Available from: https://www.recoverytrial.net/news/colchicine-to-be-investigated-as-a-possible-treatment-for-covid-19-in-the-recovery-trial) The GRECCO-19 clinical trial has thus far reported a statistically significantly prolonged time to clinical deterioration as well as a decrease in the number of patients requiring intubation and ventilation when compared to the placebo group at 21 days (107). A randomized double-blinded study of 38 hospitalized patients showed a decreased need for oxygen supplements, hospitalization and reduced C-reactive protein (CRP) when treated with colchicine (108, 109). Although data on the use of colchicine on Covid-19 outpatients are limited, with some authors initially advising against the use of colchicine to treat severe coronavirus infections (110), these results provide support for further investigation of colchicine therapy to reduce hospitalization as well as adverse outcomes (109).



Treatment for Cytokine Release Syndrome
 
Tocilizumab

SARS-CoV-2 causes a CRS with interleukin-6 (IL-6) being implicated as one of the major cytokines (111, 112). IL-6 is a “multi-effective cytokine” (111), with pro- and anti-inflammatory properties, and is critical for normal host immunity. Tocilizumab is a recombinant human antibody which binds to the IL-6 receptor (113), and has been widely used in the management of CRS in other settings (15). It is approved for CRS secondary to chimeric antigen receptor T-cell (CAR-T) therapy, but is also used for rheumatic diseases (4, 113). Efficacy was initially shown in small cohorts of patients with COVID-19 (114, 115). Toniati et al. evaluated 100 patients prospectively post administration of intravenous (IV) Tocilizumab (116). Of those in intensive care, 77% improved, while 66% of patients treated in the general ward showed improvement in respiratory function. These findings were supported by subsequent reports (117, 118). One randomized trial from Italy however showed no benefit in progression of disease compared to standard care (119), whilst another from the USA showed an advantage in progression to mechanical ventilation but not overall mortality (120). The most recent systematic review and metanalysis showed a decreased mortality rate when Tocilizumab was used, but no effect was seen in COVID-19 severity and length of hospital stay (121). In low and middle income countries (LMIC), the cost of this drug may be prohibitive and even when available, patients in whom the most benefit can be derived would have to be carefully selected. Presently, the optimal timing for introduction is not known and side effects of the drug such as liver dysfunction must be considered when assessing patient eligibility (122).



Anakinra

Anakinra is an interleukin-1 (IL-1) receptor agonist approved for use in treating rheumatoid arthritis. The IL-1 family of pro-inflammatory cytokines are important coordinators of the innate immune response and are integral to the COVID-19 CRS (123). The pro-inflammatory effects of IL-1 are mitigated by the binding of IL-1 receptor agonists such as anakinra to the IL-1 receptor (123). Preliminary results indicate control of inflammation in a few severe COVID-19 cases (124–128), notably reducing mortality and the need for mechanical ventilation (129–133). As of 12 January 2021, 28 clinical trials registered on clinicaltrials.gov were recruiting patients for the use of anakinra to treat severe to critical COVID-19 patients.




Managing Excessive Angiotensin II

The binding of SARS-CoV-2 to ACE2 and the subsequent endocytosis of the virus-receptor complex decreases the availability of ACE2 for binding to angiotensin II (134, 135). The resultant increased levels of angiotensin II have been shown to mediate lung injury/inflammation, fibrosis, and myocardial dysfunction (134, 135). Under normal circumstances, angiotensin II would be converted to angiotensin (1-7) upon ACE2 binding, with resultant vasodilatation. Other effects of angiotensin (1-7) are antifibrotic, anti-proliferative, and diuretic (136). Hypertensive patients on ACE inhibitors and angiotensin receptor blockers (ARB) were initially thought to be at higher risk of developing COVID-19 as these drugs increase expression of ACE2. Studies done in Italy (137) and New York (138) have however found no independent risk related to the presence of these drugs and the risk of contracting COVID-19. On the contrary, a different school of thought now believes that treatment with ACE inhibitors and other drugs which block the renin-angiotensin-aldosterone system (RAAS) can in fact be beneficial (136, 139). The premise is that pro-inflammatory cytokine release and levels of angiotensin II can be reduced by decreasing production of angiotensin II through ACE inhibitors or by blocking the binding of angiotensin II to the ATR1 receptor through ARB blockers and therefore increasing binding to ACE2 with production of angiotensin 1-7) and may mitigate the harmful effects of these molecules. In particular, Losartan, by blocking the AT1R receptor through which angiotensin II mediates its vasoconstrictor effects, is a potential COVID-19 treatment option (140). This has also been the basis for research into the use of recombinant ACE2, which has been shown to impact myocardial remodeling and injury response in animal models (134). Providing recombinant human ACE2 (rhACE2) (141) may allow SARS-CoV-2 to bind to it instead of to membrane bound receptors. This would allow conversion of angiotensin II to angiotensin 1-7, and in so-doing mitigate the risk of developing ARDS (139, 141, 142). Phase I and II clinical trials with a rhACE2 for ARDS (not secondary to SARS-CoV-2) have shown decreased Ang II and IL-6 levels with a resultant increase in Angiotensin (1-7) and (1-5) (141). The limited number of subjects however made deductions on clinical benefit difficult. After initial safety studies (143), the first infusion of rhACE2 for SARS-CoV-2 was in a 45 year old woman from Austria with severe disease (142). The patient had viral clearance initially from the serum, followed by the nasal cavity and lung. Neutralizing antibody levels were not affected and the patient recovered. The authors concluded that systemic spread of the virus could potentially be blocked by this drug. These viral load reductions were also found in a second infused patient (143).




SUPPORTIVE THERAPY


Oxygen

Patients who require admission to hospital are usually those with severe COVID-19-related disease, defined as clinical evidence of pneumonia with either a respiratory rate > 30/min, signs of respiratory distress or peripheral oxygen saturation < 90% on room air. These patients often present with respiratory failure and hypoxemia or develop worsening respiratory failure while in hospital. The mainstay of treatment for these patients is supplemental oxygen that may be administered via oxygen cannulae, face masks or by means of high flow nasal oxygen (HFNO). The use of HFNO has become an important component of supportive therapy for patients with COVID-19 pneumonia (144, 145). Based on this more than 20,000 such devices were manufactured and ready for roll-out in South Africa (SA) as of July 2020 (146).

HFNO allows adequate oxygenation to be maintained and may decrease the requirements for non-invasive ventilation and endotracheal intubation. This has recently been confirmed to be true in the SA setting by Mendelson et al. who described their experience in Cape Town (147). The authors did however caution that the HFNO initiation should be governed by strict criteria, including a constant and stable oxygen supply. The clinical response to HFNO can be monitored using the ROX index (Oxygen saturation/FiO2 (%) x respiratory rate). A ROX index > 4.88 at 2, 6, or 12 h predicts successful treatment with HFNO (148). In addition to HFNO, the proning of awake patients or “conscious proning” has been shown to improve oxygenation (147).



Management of Thrombotic Complications

The association between inflammation and coagulation is well-established and is linked to the presence of pathogen-induced cytokines that activate procoagulant pathways (149). In seriously ill patients, factors such as immobilization, underlying health problems and indwelling catheters amongst others, further exacerbate this clinical state (150). Sepsis-induced coagulopathy (SIC) is a set of diagnostic criteria used by The International Society of Thrombosis and Haemostasis (ISTH) to identify patients at risk of developing disseminated intravascular coagulopathy (DIC) (149). In DIC, widespread coagulation in large and small vessels leads to thrombotic complications with ischemia, while consumption of clotting factors leads to an increased risk of bleeding. Coagulopathy has been shown to be associated with a worse outcome in patients with COVID-19 (151, 152), with a thrombotic rather than a bleeding phenotype (152). The pathophysiology is thought to be multifactorial with endotheliopathy, antiphospholipid syndrome, auto-immune mechanisms, microvascular thrombosis, and complement activation being some of the proposed mechanisms (150, 153). The binding of SARS-CoV-2 to the ACE2 receptor on endothelial cells is a unique feature leading to a microangiopathy (149). The increased risk of venous thromboembolism associated with COVID-19 prompted many physicians to start using prophylactic and even therapeutic doses of anticoagulants such as heparin and low molecular weight heparin (LMWH). This may also be guided by the measurement of circulating D-dimers which, if significantly elevated, indicate the need for therapeutic anticoagulation. The ISTH and the American Society of Hematology (ASH) therefore recommend the initiation of thromboprophylaxis in COVID-19 patients requiring hospitalization with an escalation to therapeutic doses if clinically indicated (150). Subsequent studies have shown that the use of low molecular weight heparin (LMWH) improves survival in patients with severe disease (154, 155). A recently published observational cohort study from Italy also showed that increasing doses in severely ill patients in intensive care, rather than giving prophylactic doses, had a significant survival benefit (156). Only 3% of patients had major bleeding episodes and these were not fatal.




NOVEL CELL-DERIVED THERAPIES

Cell (and cell-derived) therapies for the treatment of SARS-CoV-2/COVID-19 are still in the realm of experimental treatments or clinical trials, with mesenchymal stromal/stem cell (MSC) trials being the most prolific (157, 158) (108 trials across platforms, with few results posted to date). Infusions of immunomodulatory MSCs in preliminary studies successfully reduced the CRS and reversed the symptoms of COVID-19 with no side effects (159–161). The immunomodulatory properties of MSCs are proposed to originate from their secretion of pro- and anti-inflammatory cytokines, interaction with immune cells, and ability to potentially replace damaged cells by differentiation (157, 158, 162–164). CAP-1002 cells (cardiac progenitor cells in culture) have been administered experimentally to COVID-19 patients with acute respiratory distress syndrome (ARDS), although all patients also received Tocilizumab prior to CAP-1002 infusion (165). These experimental developments have paved the way for regenerative medicine/cell therapy approaches to potentially treat not only COVID-19 symptoms, but also the fibrotic aftermath of SARS-CoV-2 infection, as reviewed extensively by Basiri et al. (166). In addition to MSCs, MSC exosomes and conditioned medium (containing secreted immunomodulatory factors), fibroblasts, umbilical cord blood stem cells, and platelet-rich plasma treatments make up the bulk of the clinical trial landscape for cell therapies being assessed to treat and reverse moderate to critical COVID-19 symptoms. Cell therapies to reduce viral load are also in clinical trials, and proposed therapies range from SARS-CoV-2-specific T-cells (167) and T-cell exosomes to natural killer (NK) cell therapy products. T-cell exosomes have recently gained traction for their apparent capacity to effect T-cell responses (168, 169) and are being tested for the ability to overcome COVID-19-associated immune dysregulation. T-cells and NK cells are instrumental in clearing virus-infected host cells and provide immunological memory for subsequent encounters with the virus (167, 170), which is important for long-term immunity. Such therapies aim to ameliorate cytotoxic T-cell and NK cell exhaustion observed in COVID-19 patients (171, 172).


Figures

Figure 1 illustrates the site of action of the different treatment modalities. Figure 2 illustrates when the various modalities of therapy should be considered in patients hospitalized with COVID-19 pneumonia.
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FIGURE 1. Experimental treatment strategies targeting different steps of SARS-CoV-2 life cycle and consequences of SARS-CoV-2 infection. Receptor-mediated entry of SARS-CoV-2 is blocked by recombinant ACE2 and ACE inhibitors which compete with SARS-CoV-2. Hydroxychloroquine and chloroquine increase in lysosomal pH. Viral genome replication is blocked by remdesivir, and the processing of SARS-CoV-2 polypeptides into viral proteins by proteolysis is blocked by lopinavir/ritonavir. Convalescent plasma and monoclonal antibodies target the released virus and facilitate clearance of the SARS-CoV-2 virus. Treatment with corticosteroids and interferon-B decrease inflammation associated with COVID-19, as do anakinra and tocilizumab.
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FIGURE 2. Algorithm for the stepwise initiation of treatment for patients with severe COVID-19 disease.





SUMMARY AND CONCLUSION

The unprecedented coronavirus pandemic has challenged healthcare systems around the world with second waves causing even higher number of critically ill patients. Physicians have had to adapt rapidly to a previously unknown disorder with the introduction of novel therapeutic strategies to combat the effects of the virus and thereby reduce COVID-19 related morbidity and mortality. A rapid increase has occurred in randomized clinical trials using both established and experimental therapies, and clinicians face the daunting task of selecting treatments for patients with COVID-19 that are beneficial while avoiding potentially harmful effects. The majority of agents used have been selected to target the viral pathogen itself or the exaggerated host immune response, which may manifest as organ dysfunction or failure. In SA, the health system is currently under pressure, as is being experienced in the many parts of the world. Prudent, cost-effective decisions regarding patent management are necessary to ensure the adequate provision of effective care to all patients who require it, especially in our government funded sector where resource constraints exist.
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