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Emerging Features of The T Cell Response to SARS-COV-2 
Stephanie Hanna, Sarah Galloway, Owen Moon, Freya Shepherd, Sandra Dimonte and Amy 

Codd 

 

 

Graphical Abstract 

 

 

 

Introduction 

 

T cells are a key aspect of the adaptive immune response to viral infection. T cells provide 

support to the antibody response, directly target infected cells and provide a memory 

response which offers protection against re-infection. 
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Dysfunction and dysregulation of the T cell response is emerging as a characteristic of 

COVID-19 disease.  

 

In the peripheral blood, CD8+ T cells and NK cells from COVID-19 patients have lower 

percentages of CD107a+, IFN , IL-2+, granzyme B+ and TNF+ cells indicating loss of anti-viral 

functionality compared to healthy controls (M. Zheng et al., 2020). Most, but not all studies, 

have reported an exhausted(H. Y. Zheng et al., 2020), terminally differentiated or senescent 

(Mazzoni et al., 2020) (Mazzoni et al., 2020) T cell phenotype, particularly in CD8+ T cells (M. 

Zheng et al., 2020). For example, PD-1 (Diao et al., 2020; Yang et al., 2020), Tim-3 (Diao et al., 

2020; Zhou et al., 2020)  and the inhibitory receptor NKG2A (M. Zheng et al., 2020) have all 

been used as markers of an exhausted phenotype. In contrast Wilk et al. reported no clear 

change in CD4+ or CD8+ T cell exhaustion in COVID-19 patients (Wilk et al., 2020). 

Nevertheless, a combination of exhaustion markers along with patient demographics can be 

used to distinguish between mild and severe COVID-19 and healthy controls (H. Y. Zheng et 

al., 2020) (H.-Y. Zheng et al., 2020), and exhaustion markers increase as disease progresses 

(Diao et al., 2020). The findings of most T cell phenotyping and functional studies suggest that 

SARS-CoV-2 infection results in aberrant CD4+ T cells functionality, followed by hyper-

activation and then exhaustion of cytotoxic CD8+ T cells (Ganji et al., 2020; H. Y. Zheng et al., 

2020). SARs-CoV-2 antigen-specific CD4+ T cells predominantly had an activated (HLA-DR+ 

and CD38+ ) (Braun et al., 2020) central memory (CD45RA-CCR7+) phenotype (Weiskopf et 

al., 2020), whilst antigen-specific CD8+ T cells had large proportions of both central memory 

(CD45RA- CCR7+) and terminally differentiated cells (CD45RA+CCR7-)(Weiskopf et al., 2020). 

In the lungs of COVID-19 patients CD8+ T cells have a resident memory phenotype, are 

clonally expanded, and have a cytotoxic, anti-viral phenotype, with high expression of KLRs 

and granzymes (Chua et al., 2020) (Liao et al., 2020). Interestingly, severe cases had decreased 

CD8+ T cells in the lung but they showed increased proliferation (Liao et al., 2020). 

 

SARS-CoV-2 Driven Immune Evasion  

 

Studies suggest that the SARS-CoV-2 virus may be downregulating MHC class I and II genes as 

a mechanism of immune evasion. Further investigation is required in order to confirm this 

mechanism of action (Ong et al., 2020; Zhang et al., 2020)  

 

Lymphopoenia is associated with severe disease.  

 

T cells have largely been found to be depleted in COVID-19 disease; it has been reported that 

43.8 – 80.9 % of patients have an abnormally low level of circulating lymphocytes 

(lymphocytopenia) on admission (Fei et al., 2020; Lombardi et al., 2020) and several studies 

have shown a correlation of lymphocytopenia to severe COVID-19 disease. Currently 
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unpublished work from Anhui Medical university, report that reduced lymphocyte counts 

upon admission increase both the risk of severe disease and death (Fei et al., 2020). The 

authors demonstrate that patients with lymphocyte reduction (relative to patients with 

lymphocyte counts in the normal range) have worse lung (right, left and bilateral) CT scores, 

respiratory function and elevated indicators of hepatic injury which demonstrates multi-

organ injury that they suggest may play a role in the increased risk of death associated with 

COVID-19 lymphocyte reduction (Fei et al., 2020). As a result of these emerging data, it has 

been recommended that patients with T cell counts lower than 800/µL may require urgent 

intervention, and other studies have validated models on a small cohort of patients which 

indicate lymphocytopenia can be used to stratify patients according to their need of intensive 

care facilities (Diao et al., 2020; Tan et al., 2020). Liu et al. showed that lymphocyte numbers 

improve upon resolution of viral infection, inferring a direct correlation of SARS-CoV-2 viral 

infection and immune cell dysregulation (Liu et al., 2020). To conclude, several studies have 

identified lymphocytopenia as a condition associated with COVID19 whose extent not only 

increases with disease severity but upon admission can feasibly be used to identify patients 

who are more likely to require ICU care. Furthermore, the resolution of lymphocyte reduction 

alongside decline and patient recovery highlight lymphocytopenia as an important facet of 

COVID-19. Its association with proinflammatory cytokines and the NLR ratio indicates this is 

an area where research should be focused. 

 

Antigen-specific T Cell Responses  

~ 50% of healthy donors had some SARS-CoV-2-reactive CD4+ T cells, which may have been 

generated in response to “common-cold” coronaviruses HCoV- OC43 and HCoV-NL63 and 

could cross-react to recognise SARS-CoV-2 (Braun et al., 2020; Grifoni et al., 2020). Given that 

vaccines currently in development mainly target spike protein and the observed reactivity to 

M and N proteins by SARS-CoV-2 reactive T cells, this study provides a rational to expand the 

scope of SARS-CoV-2 vaccines and include M and N proteins as targets.  

 

Early Conclusions and Important Questions Going Forward  

 

There is evidence that T cell responses to SARS-COV-2 are impaired.  It is unclear if there is an 

early T cell over activation followed by functional exhaustion in the face of overwhelming 

infection, or does the virus lead to early T cell exhaustion facilitating ongoing infection?  

 

- Loss of T cell responses to SARS-COV-2 is associated with worse disease. 

- Restoring these responses likely represents a therapeutic opportunity. 
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- Immunity to SARS-COV-2 could arise through prior exposure to other common 

coronaviruses. Working out the role of cross-reactive T cells in coronavirus infections will 

be important for both therapeutics approaches as well as possible diagnostics.  

- T cells may represent an important component of protective immunity induced by 

infection or vaccination. 
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Antibodies in COVID-19: Specificity and Function 

Oliver Scourfield, Sophie Reed, Valentina Bart, Alicia Teijeira Crespo, Ruth Jones, Ellie Pring 

and Stephanie Burnell. 

 

 

Introduction 

 

In the case of COVID-19 disease, the production of a robust antibody response is crucial for 

infection control and long-term protection. Studies of SARS-CoV, MERS-CoV and seasonal 

coronaviruses as well as both animal infection and patient studies SARS-CoV-2 have informed 

on the characteristics of an effective antibody response. This review will outline the major 

aspects of SARS-CoV-2 antibody research to date including kinetics of antibody response, 

antibody cross-reactivity, neutralising antibodies, long-term immunity and convalescent 

plasma therapy. 

 

Kinetics of antibody responses to SARS-CoV-2 

 

Multiple studies have sought to investigate antibody responses to SARS-CoV-2 infection. 

Blood samples collected from COVID-19 patients longitudinally over the course of infection 

have been used to analyse antiviral antibody kinetics. Zhao et al. collected plasma from 173 

SARS-CoV-2 patients and found over 40% of patients had antibodies against the virus 1 week 

after onset, whereas 100% had antibodies 15 days post onset (1). At this time point, 94.3% of 

the cohort were IgM+ whereas only 79.8% were IgG+. Conversely, a study by Long et al. 

discovered that 100% of 285 COVID-19 patients were IgG+; however, this was 19 days post 

symptom onset (2). Tan et al. sampled blood from 67 COVID-19 patients and found that IgM 

appeared on day 7, whilst IgG appeared on day 10 after symptom onset, peak titres were on 

days 28 and 49 respectively (3). Interestingly, weak responders for IgG were shown to have 

superior viral clearance rates (3). However, the functional capacity of these antibodies to 

induce a neutralising response, which directly inhibit viral entry, has not been studied here 

(1-3). Discrepancies between these three studies could be due to blood collection time-

points, the subjectivity of symptom onset time within patients and also the sensitivity and 

antigens used for immunoassays/ELISAs detecting these antibodies. Additionally, the slight 

differences in antigens used for experimentation may also explain the variation in results as 

Zhao et al. used receptor-binding domain (RBD) of the spike (S) protein whereas both Long et 

al. and Tan et al. used the nucleocapsid (N). 

 

SARS-CoV-2 neutralising antibodies (nAbs) were detectable from day 10, up to day 60 post 

symptom onset and peaked between 31-40 days. Samples were taken from 70 COVID-19 

patients, up to 60 days post symptom onset and nAbs were detected by a modified 
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cytopathogenic assay based on live SARS-CoV-2 (4). More specifically, Wu et al. found SARS-

CoV-2-specific nAbs present between 10-15 days after disease onset and these remained 

present up to 2 weeks after patient discharge; however, this was studied within a cohort of 

patients with only mild symptoms (5). Interestingly, many publications have shown significant 

correlations of higher antibody titres in both older patients and those with more severe 

disease (1, 3-5). Wu et al. also found that roughly 30% of recovered patients had very low nAb 

titres, whilst older patients and those with high nAb titres had lower lymphocyte counts and 

higher C reactive protein (CRP) levels (5). Given that the elderly and those severely affected 

with COVID-19 have higher nAb titres, it is unclear as to why they are less able to clear the 

disease effectively. Further work is required to address this issue. 

 

Antibody Cross-reactivity between Different Coronavirus Strains 

 

SARS-CoV-2 expresses S glycoprotein homotrimers that are essential for binding the 

angiotensin-converting enzyme 2 (ACE2) receptor and subsequent viral entry into the host 

cells (Figure 1). Each S protomer consists of S1 and S2 subunits, with the RBD located within 

S1. Based on the understanding of related coronaviruses, it is thought that an adaptive 

immune response, particularly the production of nAbs targeting S protein regions, is essential 

for recovery and future protection against SARS-CoV-2 (6, 7). Several studies have recently 

focused on the isolation of protective antibodies from convalescent individuals to understand 

which epitopes could offer such protection. 

 

 

 

Figure 1. Anti-ACE-2 antibodies inhibit the interaction between the S protein on SARS-

CoV-2 and the ACE-2 receptor.  

Source: https://www.rndsystems.com/resources/articles/ace-2-sars-receptor-identified 

 

 

https://www.rndsystems.com/resources/articles/ace-2-sars-receptor-identified
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SARS-CoV-2, via its RBD, uses cellular receptor ACE2 to facilitate entry into cells for infection. 

As this is the main pathway the virus uses to infect cells, most antibodies are developed to 

inhibit this route (Figure 1). SARS-CoV-2 and SARS-CoV share almost 76% identity in amino 

acid sequence for the S protein and due to this, cross-reactivity has been reported between 

viruses (8). Wang et al. has shown from solving the crystal structure of SARS-CoV-2 spike 

protein in complex with the human ACE2 (hACE2), that the binding is similar to SARS-CoV in 

complex with hACE2 (9).  

 

Lv et al. studied the similarities in antibody binding to the S protein between SARS-CoV-2 and 

SARS-CoV in human and in mouse models and demonstrated that cross reactivity was 

common in both species (10). Also, Zost et al. reported the generation of monoclonal 

antibodies directed against the SARS-CoV-2 S protein from four infected patients; these had 

varying degrees of cross-reactivity with SARS-Cov (11). Wrapp et al. found that SARS-CoV RBD-

directed single domain antibodies cross-reacted with the SARS-CoV-2 RBD and engineered 

them into a bivalent human IgG1 Fc-fusion (12). 

 

Despite these findings, minimal cross reactivity between SARS-CoV-2 and SARS-CoV has been 

shown by serological assay in patients (13). Yuan et al. have also demonstrated that, although 

a cross-reactivity might exist for some antibodies between SARS-CoV and SARS-CoV-2, the 

binding affinity is different, suggesting that there are non-conserved residues in some 

epitopes (14). In addition, Hachim et al. narrowed down the antibody profiles in patients to 

15 antigens derived from potential open reading frames of SARS-CoV-2. Eleven of these 

induced a novel response, as they shared low homology with other human CoVs  (15).  

 

Together, these findings suggest that cross-reactivity varies depending on the antibody target 

as the S1 and S2 domains and the N demonstrated very low cross-reactivity among 

coronaviruses (SARS-CoV-2, SARS-CoV and MERS-CoV) (13).  

 

Neutralising Antibodies and Spike: Interaction and Therapeutic Potential 

 

Neutralising antibodies that develop in response to infection have potential for use as a 

therapeutic. In studies that focus on convalescent plasma, SARS-CoV-2 specific nAbs were 

shown to elicit their neutralising capacity by binding the RBD of the SARS-CoV-2 S protein (16, 

17). Crystal structure analysis revealed that this neutralisation is caused by steric hindrance 

of RBD-ACE2 binding interaction, preventing SARS-CoV-2 binding and entry via the ACE2 

receptor on human cells (16, 17). Specifically, Wu et al. identified that 18 of the 21 amino 

acids involved in this interaction were identical to those found in the epitope of a particular 

monoclonal antibody isolated from a convalescent patient (17). 
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Additionally, two SARS-CoV-2 specific antibodies identified from a different patient (CA1 and 

CB6) could neutralise viral activity in vitro, with CB6 also protecting rhesus macaques from 

SARS-CoV-2 infection (18). Again, they were suggested to bind overlapping ACE2 binding 

epitopes. While both studies only investigated one single patient, similar results were found 

when applying a rapid antibody discovery platform to the serum of four individuals recovered 

from SARS-CoV-2 infection. This study detected 386 recombinant SARS-CoV-2 reactive 

antibodies and classed them into five categories based on their reactivity to S protein 

subdomains and cross-reactivity to other coronavirus strains (11). Most nAbs mapped to the 

RBD, with 324 unique amino acid sequences detected. 

 

Across multiple studies, nAbs obtained from patients have been shown to functionally reduce 

SARS-CoV-2 viral titres in vivo. B38 and H4 - monoclonal antibodies obtained from the same 

patient, were able to therapeutically lower viral load in hACE2 transgenic mice 12 hours after 

viral challenge (17). Their therapeutic capacity is shown in their complete competition with 

ACE2 for RBD binding. The two nAbs recognise different epitopes and the authors emphasise 

the benefit of using both together as an antibody-based therapy for COVID-19 patients. 

 

The functional capacity of SARS-CoV-2-specific nAbs has also been shown by Cao et al. Using 

single cell RNA sequencing, they identified 14 potential candidates from 8,559 antigen-

binding IgG1+ clonotypes (19). The most potent nAb, BD-368-2, greatly reduced viral load in 

SARS-CoV-2-infected hACE2-transgenic mice, when given either therapeutically or 

prophylactically. Cryo-EM analysis also revealed that the epitope of BD-368-2 overlapped 

with the ACE2 binding site (19). While this study also identified a range of S1/S2 non-RBD 

binding antibodies, those did not possess neutralising ability (19). In line with this, another 

study suggested that the most potent nAbs were most competitive with ACE2 in binding to 

RBD (16).  

 

Collectively, these studies demonstrate the potential therapeutic use of SARS-CoV-2-specific 

nAbs, either from convalescent plasma or made recombinantly as mAbs or mAb derivatives, 

which block viral interaction with ACE2, inhibiting viral entry and infection in the host. 

However, while these studies suggest the importance of antibody binding to RBD epitopes for 

neutralisation, this might not be the only route. In one of the aforementioned studies, only 

two of the four identified nAbs bound to the RBD; the target epitopes of the other two 

antibodies have not been investigated (17). Further, when screening serum samples of six 

SARS-CoV-2 infected patients, nAbs were shown to target two distinct S region peptide pools. 

Specifically, peptide S21 P2 contained a highly conserved fusion peptide that was identified 

as a potential pan-coronavirus epitope (20). Antibodies targeting this region have been 

suggested to block virus/target cell fusion. In contrast, peptide S14 P5, which in prefusion 

conformation, locates proximal to, but not within the RBD, was SARS-CoV-2 specific and could 
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possibly interfere with SARS-CoV-2/ACE2 interaction (20). Depletion of antibodies targeting 

these peptides significantly reduced the ability to neutralise infection with a SARS-CoV-2 

pseudo-typed lentivirus. 

 

Data described here clearly point toward a protective role of antibodies that interfere with 

ACE2 binding. It is essential at this point to compare the epitopes of antibodies identified 

across different studies to determine their overlap and identify the best nAb that could be 

utilised in the development of therapeutics and prophylactics. 

 

Looking beyond the S protein, antibody responses have been detected to a wide range of 

SARS-CoV-2 antigens. ORF3b and ORF8, which are among the most unique genes of SARS-

CoV-2, induce a humoral response in SARS-CoV-2 patients (15). While it is currently unclear 

whether these antibodies confer protection, they could play an important role in disease 

detection. Currently, S and N regions are used by most commercially available antibody tests; 

however, single test detection of N or S antibodies at early time points were associated with 

high false negative rates. In contrast, the combination of at least N + ORF3b + ORF8 was shown 

to be highly sensitive and specific in early diagnosis (15). 

 

Most of the studies detailed here are limited by small sample sizes and do not assess antibody 

responses at different time points during and after infection. It will be important to 

understand what drives the production of nAbs and whether they confer long-term 

protection against SARS-CoV-2 infection.  

 

Antibody Responses to SARS-CoV-2 Vaccines 

 

Vaccine candidate studies in animal models have also delivered useful data on nAb responses. 

Models give an insight into to the immune protection initiated by vaccines and how it may 

protect the host against SARS-CoV-2 infection. Quinlan et al. conducted an immunisation 

study in rats using the SARS-CoV-2 RBD and found a robust neutralising response. Sera 

collected from the rats on day 40 following immunisation was able to potently neutralise 

retroviruses pseudotyped with the SARS-CoV-2 S protein in vitro (21). Using a similar 

approach, Ravichandran et al. immunised rabbits with various SARS-CoV-2 S protein antigens 

and also utilised a pseudovirus neutralisation assay to find that 3 out of 4 antigens generated 

strong nAbs in rabbit sera (22).  Smith et al. created a DNA vaccine candidate ‘INO-4800’, 

which targets the SARS-CoV-2 S protein. In both mice and guinea pigs immunised with INO-

4800, functional antibodies that neutralised the S protein-ACE2 interaction were generated 

with high antibody titres found within the lungs (23). These studies show that various vaccine 

candidates produce functional nAbs against SARS-CoV-2, which may provide protection 

against COVID-19 infection. 
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Do antibodies provide long-term immunity to SARS-CoV-2? 

 

Recent reviews have highlighted the importance of determining whether SARS-CoV-2 patients 

have long-term protective immunity against disease, both informing vaccination trials and 

public health interventions. As we are in the relatively early stages in SARS-CoV-2 pandemic, 

it is unknown how long any protective antibody response against reinfection might last in 

humans. 

 

Preliminary studies in rhesus macaque models suggest a limited protective immunity against 

SARS-CoV-2 reinfection. Published work by Chandrashekar et al. showed in nine rhesus 

macaques re-challenged with SARS-CoV-2 35 days after the initial infection, a reduced viral 

load, increased virus specific antibody titres and reduced clinical symptoms compared to 

naïve controls (24). These findings are supported by unpublished work by Bao et al. who 

observed that rhesus macaques appeared protected from subsequent SARS-CoV-2 infection 

when re-challenged 28 days after the initial infection (25). Though the sample number was 

limited (n=2), SARS-CoV-2 was not detected in nasal swabs after the re-challenge and little 

pathological evidence of infection was observed. Limitations to both studies are the small 

sample size and the short duration between SARS-CoV-2 challenges. In future studies it would 

be interesting to determine if protective antibody immunity is maintained over years.  

 

Further predictions/insights about the potential long-term immunity against SARS-CoV-have 

been gleaned from other members of the coronavirus family, such as seasonal coronaviruses 

and the more severe SARS-CoV and MERS-CoV. In 1990, Callow et al. inoculated 15 volunteers 

with the seasonal coronavirus 229E, of which 10 became infected. After 1 year, the antibody 

response was greatly reduced and no longer sufficient to prevent re-infection with 229E in 6 

of the 9 returning, originally infected subjects (26). Further to this, a recent pre-print by 

Edridge et al. determined re-infection rates of four seasonal coronaviruses over a 35-year 

period. For most viruses, reinfections occurred every 3 years, dependent on the level of the 

re-exposure in addition to lingering protective immunity (27). Though this work has not yet 

been peer reviewed, it does support findings from Kissler et al. who adapted seasonal 

coronavirus modelling to estimate SARS-CoV-2 protective immunity may last approximately 

45 weeks (28). Additionally, this approach suggested the level of public health intervention 

that may be required based on the length of protective immune response against SARS-CoV-

2. Kellam et al. and Huang et al. recently reviewed long-term antibody responses to SARS-CoV 

and MERS-CoV. Broadly speaking, minimal virus specific antibody titres were measured after 

2-3 years and individuals with a more severe disease tended to have higher antibody titres 

(29, 30). Kellam et al. also measured seasonal coronavirus reinfection rates and highlighted 

that an antibody response did not confer protection from reinfection (30). Current evidence 

suggests that re-infection with SARS-CoV-2 is possible, as long-term immunity is unlikely to 
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last more than 2/3 years. However, this work does support a vaccine-based approach to 

controlling SARS-CoV-2 transmission, though regular boosters may be required. 

 

The use of convalescent plasma as a therapy 

 

Convalescent plasma for the treatment of infectious disease has been used to successfully 

reduce mortality in a variety of viral epidemics, including the 1918 influenza pandemic, 2003 

SARS and 2009 influenza epidemics (31). During the current COVID-19 pandemic, several 

studies have investigated convalescent plasma (CP) transfusions as a treatment option based 

on past success in a variety of viral infections and the lack of current effective antiviral 

therapies. CP obtained from patients that have recovered from COVID-19 and developed 

humoral immunity against the virus, contains a large quantity of nAbs capable of neutralising 

the virus and removing it from the circulation (32). This requires donors that have high levels 

of nAbs. Studies on MERS-CoV and SARS-CoV infections have shown that the neutralising 

antibody titre should exceed 1:80 and that levels of nAbs start to decrease 4 months following 

recovery, reaching undetectable levels at 36 months (33-35). Table 1 shows several studies 

investigating the use of CP in COVID-19 patients, indicating that all studies have used the 

donor plasma within the 4-month time window and generally used similar titres, although 

this information is not always provided. There is currently no consensus on the amount of CP 

that should be administered with some studies administering on a patient-by-patient basis 

rather than a one-dose fits all regime. All patients were treated successfully and improved or 

recovered from infection.  

 

Until Li et al. carried out the first randomised clinical trial looking at the use of CP therapy for 

patients with COVID-19 in China, all other investigations contained only case studies on 2-10 

patients (36-41). Although this large study found no statistically significant differences 

between patients treated with CP and the control group, there were clear trends indicating 

that patients treated with CP demonstrated more favourable outcomes. This was the case for 

several secondary end points including 28 day mortality (15.7% with CP compared to 24.0% 

control) and rate of discharge (51% with CP compared to 36% control) (36). It is important to 

note that this study was terminated early, with only half the planned number of patients 

enrolled, due to containment of the disease. This resulted in an underpowered study and 

could therefore explain the lack of significance.  
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Table 1: Information to show the CP treatment regimen and outcome of several COVID-19 

studies 

Author Plasma Donor Titre # of 
Patients 

Administration Recovery? Ref 

Li Fully recovered, 
discharged >2 weeks 

>1:640 103 4-13 ml/kg of 
recipient body 

weight 

All patients recovered, only 2 
experienced adverse events 
within hours of transfusion 

(36) 

Duan 3 week post onset of 
illness, 4 day post 

discharge 

>1:640 10 1 dose of 200 ml All recovered (37) 

Zhang   4 

900 ml of CP 
transfused in 3 

batches 

significantly reduced viral load 
within 10 days 

(38) 200 ml Recovered 

8 transfusions of CP 
(total 2,400 ml) 

over 26 day period 

viral load reduced PCR day 5 
negative 

300 ml PCR negative by day 21 

Shen Asymptomatic for at least 
10 days 

>1:100
0 

5 2 transfusions of 
200-250 ml 

Of the 5 patients, 3 discharged 
and 2 are in stable condition 

(39) 

Ahn 
 

Recovered from COVID-
19 for 18 days. 

 

2 

2 transfusions (500 
ml total) 

Resolution of lung infiltrates. 
Negative after day 26 

(40) 2 transfusions (500 
ml total) 

Leukocytosis and lymphopenia 
immediately recovered, bilateral 

infiltration on chest X-ray 
improved by day 9 

Ye 

Afebrile status for at least 
3 days, negative for 2 

consecutive PCR tests and 
3 weeks following disease 

onset 

 

6 

3 transfusions (600 
ml total) 

Negative PCR by 10 day 

(41) 

2 transfusions (400 
ml total) 

Alleviation of respiratory 
distress. Negative swabs 

3 transfusions (600 
ml total) 

Complete resolution of 
consolation by CT by day 10 

200 ml Negative throat swab 

200 ml Negative throat swab 

200 ml Relief of symptoms, radiologic 
changes after 3 days 

 

 

A further explanation for the lack of statistical significance could be treatment time-point. 

The median time between symptom onset and the treatment of patients with CP was 30 days; 

however, multiple studies have demonstrated that patients treated within 14 days of 

infection showed significantly improved outcome (37, 42). In the study conducted by Duan et 

al. all patients treated with CP before day 14 of illness showed a rapid increase of lymphocyte 

counts, a decrease in CRP and absorption of lung lesions; however, those patients that 

received CP after 14 days of illness demonstrated a much reduced level of improvement (37). 
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This study showed that CP therapy was well tolerated, resulted in an increase or maintenance 

of high level nAbs and a disappearance of viremia within 7 days, with no adverse side effects 

observed. These results are in agreement with the study carried out by Shen et al. where CP 

transfusion of critically ill patients between 10 and 22 days after admission resulted in 

increases in nAb titres in addition to normalisation of body temperature, decreased SOFA 

score; viral loads decreased and became negative within 12 days (39). 

 

Another reason for discrepancy between studies could be the age of the patients. Patients in 

the Duan et al. study had a median age of 52.5 years, similarly the age range in the Shen et 

al. study was 36-65, whereas the median age in the Li et al. study was 70 years. Mortality due 

to COVID-19 is much higher in the elderly, this therefore could have skewed the data and 

resulted in reduced significance (36, 37, 39). 

 

As with all therapies, there are potential risks involved when administering CP treatment, 

such as the transmission of residual virus from donor to patient. In the Duan et al. study, this 

was mitigated by applying methylene blue photochemistry to inactivate any virus that may 

have remained in the donor plasma (37, 43). No other study included here specified how they 

addressed this risk, stating only that they obtained the plasma by plasmapheresis or 

apheresis. 

 

Although the only randomised clinical trial to date has not yielded statistically significant 

differences between patients administered CP and controls, 91.3% of patients with severe 

disease showed clinical improvement at 28 days with intervention compared to only 68.2% in 

the control group, in addition to a reduction in mortality and rate of discharged as mentioned 

earlier (36). Several patients in these studies also received a variety of other drugs including 

anti-viral treatments and corticosteroids, which could have contributed to the recovery of 

patients, interfered with immune response or synergised with the therapeutic effect of CP 

(37). This highlights important limitations of the study that need to be addressed, whilst also 

indicating a potential role for CP in the treatment of COVID-19 patients with severe disease. 

Further work is now required with larger cohorts examining differences in age, sex and drug 

combinations, in addition to determining the optimal doses and time points for CP 

administration. 

 

Concluding Remarks 

 

In COVID-19 patients, studies have demonstrated that a proportion of antibodies are 

neutralising and most compete with virus binding to the ACE2 receptor on human cells. Other 

antibody targets include ORF3b and ORF8, which are among the most unique genes of SARS-

CoV-2, as well as some unidentified targets, which have been shown to induce humoral 
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responses in patients. Some of the antibodies targeting unidentified targets on SARS-CoV-2, 

were effective at controlling infection. However, the overall consensus is that competing with 

the SARS-CoV-2 Spike protein interaction with ACE2 is key to neutralising the infection. 

Antibody cross-reactivity between SARS-CoV and SARS-CoV-2 viruses has been identified in 

patients. Antibody cross-reactivity between species has also been identified, but is relatively 

low and the binding affinity of the antibodies differs between species. 

 

Neutralising antibodies were shown to peak between 31-40 days post symptom onset. 

Significant correlations have been made between antibody levels and patient infection 

control. Higher antibody titres were observed in older patients and those with severe disease 

but it is still unclear why they struggle to clear the infection.  

 

The potential for effective vaccination against SARS-CoV-2 has also been investigated as 

neutralising antibodies have been produced in response to virus proteins. Animal studies have 

revealed that robust neutralisation responses occur to immunisation using the SARS-CoV-2 

RBD in rats and SARS-CoV-2 S protein in rabbits. Furthermore, a DNA vaccine candidate ‘INO-

4800’ was also able to induce neutralising antibodies in animal models. 

 

As we are in the early stages of the COVID-19 pandemic, it is unknown how long protective 

antibodies are retained post-infection. In rhesus macaque studies, limited protective 

immunity against SARS-CoV-2 has been observed at 28 days and 35 days post-infection. 

Studies from SARS-CoV, MERS-CoV and seasonal coronaviruses found neutralising antibody 

responses post-infection which were greatly reduced at 1 year and seasonal re-infections 

typically occurred every 3 years. Consequently, it is believed that re-infection with SARS-CoV-

2 is possible as long-term immunity may be limited to 2/3 years. 

 

CP has been used as a therapy to successfully treat a number of viral infections in the past 

where limited treatment options are available. The large quantity of neutralising antibody 

present in recovered patients can be used in severe COVID-19 cases to help remove virus from 

the circulation. As nAb titres decrease from about 4 months following recovery from SARS-

CoV and MERS-CoV, all studies used donor plasma 4 months post-SARS-CoV-2. There is no 

consensus on the exact amount of CP to be used or the timing of therapy. Some studies 

suggest that administration within 14 days of disease onset is crucial to improvement of 

patient outcome. A lack of improvement with CP therapy in some studies may have been due 

to the time-point of treatment and the age of the patients recruited into the studies. There is 

an indication that CP therapy reduces disease severity and improves outcome, but more data 

is needed to understand whether this difference is significant. 
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Overall, studies have demonstrated that antibody responses, in particular neutralising 

antibodies, are crucial to infection control. Our understanding of this is key to informing on 

vaccination to develop long term immunity and therapeutic strategies such as convalescent 

plasma and recombinant neutralising antibodies. 
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