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Abstract: One of the hallmarks of COVID-19 is a reduction in lymphocyte counts, and the degree of reduction correlates with disease severity. Studies have shown a linear negative correlation between peripheral blood CD8+ T cells counts and viral copy numbers in nasopharynx and disease severity. In addition, CD8+ T cells are reported to be functionally ‘exhausted’. Currently, there is no proven treatment for COVID-19. Cytotoxic T cells are key to fighting intracellular viruses. In the context of haematopoietic stem cell transplantation, a variety of viral infections have been successfully treated using off-the-shelf HLA-matched virus-specific cytotoxic T cells. A similar strategy using convalescent donor CD8+ T cells appears to be the need of the hour and has not received enough attention till date.


A new fatal illness causing pneumonia, cytokine storm and disseminated intravascular coagulation was encountered in Wuhan (China) in November 2019. This event was followed by a worldwide pandemic and this disease is currently under intense investigation. In highly symptomatic patients, the disease often presents with fever, dry cough, fatigue, extreme myalgia and breathing difficulty. World Health Organization termed the disease as Corona Virus Disease 19 (COVID-19) and the causative agent as SARS-COV-2. The RNA virus was isolated and identified in bronchioalveolar lavage samples using genomic technologies, and the viral particles were also visualized under electron microscopy in SARS-COV-2 infected epithelial cell cultures.1 SARS-COV-2 receptors have been identified in transient secretory cells of subsegmental bronchial branches, epithelial cells of the tongue, cornea and in the central nervous system.2
One of the hallmarks of COVID-19 is a reduction in lymphocyte counts, and the degree of reduction correlates with disease severity. Several studies have shown that patients with severe disease have a high neutrophil to lymphocyte ratio (NLR), and NLR can be used as a disease stratifier.3,4 Studies have shown a linear negative correlation between peripheral blood T cell counts (both CD4+ and CD8+ T cells) and viral copy numbers in nasopharynx and disease severity.5 Low levels of B cells and NK cells, and increased CD4:CD8 ratio has also been reported in severe disease.  Post-treatment reduction in CD8+ T cells and B cells and an increase in CD4:CD8 ratio have been associated with poor outcome.6 Overall, the exhaustion of cytotoxic cells (CD8+ T cells and NK cells) have been associated with poor outcomes. The impaired function of NK cells and CD8+ T cells is accompanied by increased expression of NKG2A on the cytotoxic cells. NKG2A and NKG2B receptors transmit inhibitory signals and reduce the cytotoxic activity of these cells. Patients recovering from COVID-19 show restoration of NK and CD8+ T cell counts, with an accompanying reduction in NKG2A expression.7 In addition, a reduction in regulatory T cells (Tregs) has also been noted.8 Both COVID-19 and SARS (severe acute respiratory syndrome) are notable for their association with a marked reduction in CD8+ T cells. In contrast, other infections such as Epstein Barr virus (EBV), cytomegalovirus (CMV) and human immunodeficiency virus (HIV) are accompanied by elevated levels of CD8+ T cells.9 It is currently unknown why SARS-COV-2 infected patients suffer from lymphocytopenia. Do specific lymphocyte subsets become infected and are they destroyed by the virus? If lymphoid cells get infected with SARS-COV-2, what are immediate and subsequent knock-on effects on the infection? Or is lymphocytopenia a consequence of infection occurring in other cells? Furthermore, why are depleted cytotoxic populations also functionally impaired?
Currently, there is no proven treatment for COVID-19. Treatments under investigation include chloroquine or hydroxychloroquine, antiviral agents (such as remdesivir), convalescent plasma or hyperimmune immunoglobulin, Interleukin-6 and Interleukin-1 inhibitors, breathing support (such as mechanical ventilation) and concomitant use of systemic corticosteroids in critically ill patients.10 Most of these are being used in a clinical trial setting. It should be noted however, the most important elements to fight intracellular viruses are cytotoxic T cells and NK cells. Antibodies to viruses can act to counter extracellular viruses, which are further eliminated by the complement system and by histiocytes; however, antibodies are not effective on viruses that have entered the host cells.
In this background, it is crucial to consider all treatment options that have proven efficacious in other viral infections and related disorders. As patients with severe SARS-CoV-2 infection show marked reduction in functional cytotoxic CD8+ T and NK cells, it would be particularly important to look at infections that have been successfully treated with cellular therapies. 
In the context of haematopoietic stem cell transplantation, a variety of viral infections - Epstein Barr virus (EBV), cytomegalovirus (CMV), human herpesvirus 6 (HHV6) and adenovirus infections have been treated with infusions of lymphocytes from corresponding donors (donor lymphocyte infusion - DLI) in the past.11 Among these, the approach has been most extensively explored in EBV-related pathology. EBV infects over 90% of the world’s population. Considering that most humans carry the infection, EBV’s association with disease is uncommon and fulminant EBV infection is extremely rare. In immunocompromised people (congenital, age-associated, iatrogenic, or other acquired causes), EBV+ B cells divide and expand causing EBV+ lymphomas or lymphoproliferative disorders. During the last 25 years some of the EBV+ lymphomas, particularly those occurring in the context of haematopoietic stem cell or solid organ transplants have been treated using EBV-specific cytotoxic T cells.12 
This approach started in 1994 when five patients with EBV+ lymphomas following haematopoietic stem cell transplantation infused with DLI achieved complete remission. In these patients, donors were seropositive for EBV and the responses were attributable to the emergence of donor-derived cytotoxic T cells that could destroy EBV+ lymphoma cells.13 During the subsequent year, this approach was further refined by in-vitro generation of donor-derived EBV-specific cytotoxic T cells.14 As these approaches are time-consuming, further refinement followed. Transfusion of HLA-matched/restricted ‘third-party’ (cells derived from healthy individual other than the corresponding haematopoietic stem cell donors) EBV-specific cytotoxic T cells were shown to induce durable responses in EBV+ lymphomas without undue toxicity.12 Off-the-shelf virus-specific T cells have also been investigated in other viral infections such as CMV, HHV6, adenovirus and BK virus.15
Many clinical trials for the treatment of COVID-19 are currently underway. As of 29th April 2020, this included 945 trials registered on the NIH website, 131 on the EU clinical trials register and 27 on the NIHR website. While many trials are investigating donor serum/plasma (source of antibodies) and some are exploring NK cell therapy, only one investigates donor T cells. A clinical trial registered from Singapore (NCT04351659; Novel Adoptive Cellular Therapy With SARS-CoV-2 Specific T Cells in Patients With Severe COVID-19) investigating blood donation from convalescent donors appears to be the lone exception. 
Although vaccination may provide a T cell-based virus-specific immunity in the long run and assist in disease prevention, therapeutic off-the-shelf SARS-COV-2-specific HLA-matched cytotoxic T cells prepared from convalescent COVID-19 patients is the need of the hour.
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