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ABSTRACT
Aims  To compare specific T-cell responses between 
laboratory employees in South Africa with and without 
previously diagnosed SARS-CoV-2 infection.
Methods  Employees at a private pathology laboratory 
in South Africa were invited to participate in a 
nationwide cross-sectional study. T-cell proliferation to 
SARS-CoV-2 nucleocapsid (N)-proteins and spike (S)-
proteins was measured by flow cytometry and compared 
between participants.
Results  Based on classification according to SARS-
CoV-2 reverse transcription (RT)-PCR results, a total 
of 81% (42/52) of positive participants demonstrated 
T-cell proliferation to SARS-CoV-2 N-proteins or 
S-proteins (95% CI 67.5% to 90.4%), while 62% 
(68/110) of negative participants also had detectable 
T-cell responses to SARS-CoV-2 proteins (95% CI 52.1% 
to 70.9%). When classified according to SARS-CoV-2 
serology results, 92.6% (50/54) of positive participants 
demonstrated T-cell proliferation to SARS-CoV-2 proteins 
(95% CI 82.1 to 97,9 %), while 56% (60/108) of 
negative participants demonstrated T-cell proliferation 
(95% CI 45.7% to 65.1%). The magnitude of the T-cell 
responses as determined by a stimulation index, was 
significantly higher in the group previously infected by 
SARS-CoV-2 than in the negative group. A statistically 
significant difference in T-cell proliferation was noted 
between high risk and low risk groups for exposure to 
SARS-CoV-2 within the negative group, but no significant 
difference in magnitude of the response.
Conclusions  A significant proportion of South 
African laboratory employees who were not previously 
diagnosed with COVID-19 demonstrated T-cell reactivity 
to SARS-CoV-2 N-proteins and S-proteins. The pre-
existing T-cell proliferation responses may be attributable 
to cross-reactive immune responses to other human 
coronaviruses, or possibly asymptomatic infection.

INTRODUCTION
The novel coronavirus, SARS-CoV-2, emerged from 
China in December 2019, and has since spread glob-
ally to infect millions in an ongoing pandemic.1 At 
the inception of this pandemic many assumptions 

were made regarding the immune response to the 
virus, herd immunity and the plausibility of an 
effective vaccine that could be produced success-
fully and implemented in pandemic control.2

As Europe spiked into a second wave during their 
winter months, closely followed by South Africa, 
many unanswered questions remained with regard 
to immune response to SARS-CoV-2, correlates of 
protection and immune response to vaccination. 
South Africa, as a developing country with a very 
high HIV, TB and poverty burden appears to have 
experienced a less severe first wave of COVID-19 
than expected.3 4 The reasons for this may be multi-
factorial, but it is reasonable to pose the question 
whether there may be some level of pre-existing 
immunity to SARS-CoV-2 in the South African 
community.4 An emerging body of evidence world-
wide has described T-cell reactivity to SARS-CoV-2 
in individuals with no known prior exposure to 
SARS-CoV-2.5 Literature suggests that memory 
T cells may prove critical for long-term immune 
protection against COVID-19, and that cross-
reactive memory T cells which could arise from 
prior exposure to other circulating coronaviruses 
may provide a form of background immunity to 
COVID-19, even when no antibodies are present.6 7 
This may well have implications for vaccine devel-
opment and determining vaccine-derived immunity 
in future, as well as contribute to current knowledge 
of herd immunity and the transmission dynamics 
of COVID-19.8 Testing for memory T cells against 
SARS-CoV-2 may also provide evidence of immu-
nity in seronegative patients who had mild or 
asymptomatic COVID-19.8

The aim of this study was to compare laboratory 
employees previously diagnosed with SARS-CoV-2 
and laboratory employees not deemed to have been 
infected by SARS-CoV-2 with respect to their T-cell 
responses to SARS-CoV-2.

Individuals not previously infected by SARS-
CoV-2 should not produce an antibody response 
to SARS-CoV-2 as measured in highly specific 
commercially available antibody assays, but a 
subpopulation may produce a cross-reactive T-cell 
response to SARS-CoV-2, due to prior exposure 
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to other circulating human coronaviruses.5 Most individuals 
previously infected by SARS-CoV-2 should produce a T-cell and 
antibody response to SARS-CoV-2, however literature suggests 
that a small subset may not produce or sustain detectable SARS-
CoV-2 specific antibodies.2

The majority of published T-cell reactivity studies to SARS-
CoV-2 have been limited to research laboratories, due to the high 
level of technical skill involved in T-cell proliferation testing. 
Results in this study were determined by an in-house, validated, 
flow-cytometric T-cell proliferation assay to SARS CoV-2 S-pro-
tein and N-protein suitable to scalability and routine diagnostic 
use. Access to T-cell proliferation tests to SARS-CoV-2 in a 
routine diagnostic setting could contribute to data to fill current 
knowledge gaps in the immune response to SARS-CoV-2.

METHODS
Study design
The study design is a cross-sectional study of two groups of a 
population consisting of Ampath private pathology laboratory 
employees, one group previously diagnosed with SARS-CoV-2 
and one group not deemed to have been infected by SARS-CoV-2.

Study participants
Ampath pathology employs approximately 5500 employees in 
various phlebotomy, pathology and administrative positions 
nationally in South Africa. All staff members were eligible to 
participate in this study.

Recruitment of participants
Ampath staff members were invited by means of a confiden-
tial internal email sent from a customised, private study email 
address to participate in this study. A total of 459 staff members 
responded to this email to voluntarily participate in this study. 
Volunteers were selected sequentially and invited to answer a 
questionnaire and provide blood specimens for this study. Enrol-
ment continued until sufficient participants from the two prede-
termined study groups, that is, participants with and without 
previously confirmed COVID-19, submitted a completed ques-
tionnaire and blood specimens. Volunteers who were diagnosed 
with SARS-CoV-2 infection by reverse transcription-polymerase 
chain reaction (RT-PCR) less than 2 weeks prior to enrolment 
were asked to delay blood sampling by 2 weeks postdiagnosis.

Informed consent was obtained from all volunteers prior 
to enrolment. Participants were randomised in a 1:2 ratio of 
employees diagnosed with COVID-19 and employees not diag-
nosed previously. In order to detect at least a 25% difference 
between the groups, assuming a maximum of 50% positivity (in 
the COVID-19 negative group) and a minimum of 75% positivity 
(in the COVID-19 positive group), and with a minimum statis-
tical power of 90%, a minimum sample size of 47 COVID-19 
positive and 94 COVID-19 negative participants would be 
required. The actual number of participants recruited were 52 
COVID-19 positive participants and 110 presumed COVID-19 
negative participants.

Study participants received a questionnaire to complete elec-
tronically, which included information on travel history, ques-
tions related to risk level of potential exposure at work, episodes 
of self-quarantine or contact with a known COVID-19 patient, 
COVID-19 related symptoms experienced since February 2020, 
treatment received if diagnosed with COVID-19, underlying 
medical conditions and chronic medication, previous SARS-
CoV-2 RT-PCR testing performed, as well as the date and results 
of tests.

A blood collection form which was linked to each partici-
pant’s unique study number, was sent via email. Participants 
were required to have a venepuncture at any of Ampath’s 350 
national blood collection depots to collect four citrate and one 
clotted blood specimens.

Recruitment occurred from 22 September 2020 to 9 
November 2020.

Research was conducted in line with the stipulations of the 
Declaration of Helsinki (2013). Volunteer confidentiality was 
maintained and all participants were awarded a deidentified 
study number on enrolment. Laboratory staff and investigators 
did not have access to any participant information and were 
blinded on analysis and interpretation of test results.

Laboratory protocol
All testing was performed in the Ampath National Immunology 
Reference Laboratory in Centurion, South Africa, accredited 
by the South African National Accreditation System in accor-
dance with ISO 15912 standards. Antibody responses to both 
the SARS-CoV-2 S-protein and the N-protein were measured 
with commercial kits, namely Anti-SARS-CoV-2 IgG S-pro-
tein ELISA (EUROIMMUN, Lubeck, Germany) and Elecsys 
Anti-SARS-CoV-2 IgM//IgG N-protein chemiluminescence 
assay (Roche Diagnostics, Penzberg, Germany). The respective 
sensitivities and specificities of these assays as determined by 
internal validation studies were 96.67% sensitivity with 98.7% 
specificity for the EUROIMMUN Spike IgG assay and 92.31% 
sensitivity with 100% specificity for the Roche Elecsys IgM/
IgG to N-protein.

All clotted blood samples for antibody testing were centrifuged 
and frozen at −20°C until all study specimens were collected. 
Specimens were processed in concordance with routine labora-
tory practice for serology testing and run as a batch once all 
samples had been received.

T-cell proliferation tests were performed to SARS-CoV-2 
S-protein and N-proteins. The antigens that were used for the 
T-cell stimulation were the following:

SARS-CoV-2 N-protein-Miltenyi Biotec B.V. & Co. KG, 
Bergisch Gladbach, Germany (www.miltenyi ​biotec.​com): 
Nucleocapsid phosphoprotein of SARS-CoV-2, which is peptides 
consisting of 15 amino acid lengths, which stimulates CD4 + 
and CD8+T cells, eliciting secretion of effector cytokines and 
thus upregulation of activation surface markers, measured by 
flow cytometry. The peptides were lyophilised, stored at −20°C. 
The average purity of the peptides were  >70% using HPLC 
methods. The product contains no preservatives.

SARS-CoV-2 S protein—Cape BioPharms, Cape Town, South 
Africa (www.capebiopharms.com): Spike glycoprotein of SARS-
CoV-2, obtained from DNA encoding the S1 portion of the 
Spike protein, fused to polyhistidine and SEKDEL tag at the 
C-terminus, recombinantly expressed in Nicotiana benthamiana 
(relative of the tobacco plant, indiginous to Australia), purified 
using immobilised metal chromatography and determined by 
SDS-PAGE.

A standardised, in-house flow cytometric lymphocyte prolif-
eration test method currently in use at Ampath to detect T-cell 
responses to other recall antigens, for example, Varicella-Zoster-
Virus (VZV), Candida albicans and Tetanus toxoid was modi-
fied for the purpose of this study. The sensitivity of this in-house 
SARS-CoV-2 T-cell proliferation assay as determined by an 
in-house validation in patients with known positive SARS-CoV-2 
PCR tests (n=40) was 90% and the specificity in a known SARS-
CoV-2 negative population (n=102) was 34%. The specificity 
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was expected to be low, due to the anticipated presence of cross-
reactive T-cells.

T-cell proliferation testing was performed in accordance with 
our in-house validation protocol. We collected four citrate tubes 
per study participant, to ensure adequate numbers of viable 
cells as determined on in-house validation studies for cellular 
tests. Fresh peripheral blood mononuclear cells (PBMCs) were 
harvested by Ficoll density gradient centrifugation. Viability 
studies were performed for each sample, using a vital stain 
(Tryphan blue). Visualisation was performed by an experienced 
scientist under a light microscope before stimulation and testing 
could be conducted. Samples in which the viability of cells could 
not be confirmed, were recollected. The maximum validated 
cut-off time from collection to processing for this assay is 24 
hours. However, sample collection appointments were arranged 
to ensure the shortest turnaround time possible and samples 
were processed immediately when they reached the laboratory.

PBMCs were stimulated with SARS-CoV-2 S- and N- proteins 
for a duration of 6 days. A negative control and a positive 
mitogen control was included for each patient. Lymphocyte 
proliferation was detected by flow-cytometric (BD FACSCanto 
II) measurement of intracellular expression of Ki67 in T-cells. 
The results were reported as a Stimulation Index (SI), which was 
calculated by dividing the T-cell proliferation to the N-protein 
and S-protein antigens by the T-cell proliferation to the negative 
control. Our cut-off used for positivity was a SI greater than 3. 
This is similar to criteria used for the cut-off of T-cell prolif-
eration to other specific antigens (tetanus, varicella-zoster-virus 
and candida) used in the laboratory, and supported by previously 
published reference ranges.9

An explanation of the flow cytometry analysis is detailed in 
figure 1.

Statistical analysis
Data analysis was performed by comparing T-cell prolifera-
tion and antibody responses to SARS-CoV-2 S- and N-protein 
obtained from the SARS-CoV-2 RT-PCR positive group, with 
the group deemed not to have been infected by SARS-CoV-2 
previously. The primary outcome was the proportion of partici-
pants with T-cell proliferation responses to SARS-CoV-2 S- and 
N-protein in the SARS-CoV-2 groups (positive vs negative). This 
was performed using a Fisher’s exact test.

Data analysis was also performed comparing T-cell prolifer-
ation to N- and S-protein in a SARS-CoV-2 positive and nega-
tive group classified by serology results. These results were also 
compared by a Fischer’s exact test.

In a secondary analysis, the group not deemed to have been 
infected by SARS-CoV-2 previously, was compared in two 
subgroups, one with a high risk of exposure (answered yes to any 
of the questions relating to previous international travel in 2020, 
previous quarantine, previous SARS-CoV-2 PCR performed or 
reporting any two of the three symptoms of fever, dry cough or 
loss of smell or taste during the same month) and one with low 
risk of exposure (the remainder of the negative group). Labora-
tory results of these two subgroups were compared and analysed 
by a Fischer’s exact test.

The magnitude of the T-cell responses to the N- and S-proteins 
of SARS-CoV-2, as indicated by the SI, were compared between 
the positive and the negative group categorised according to 
RT-PCR results using a Mann Whitney test. The magnitude of 
the T-cell responses to the N-and S-proteins of SARS-CoV-2 
were similarly compared between the high and low risk negative 
groups. Statistical analysis was conducted using STATA Release 

V.16 (StataCorp). Statistical significance was set at a p  <0.05 
(95% CI).

RESULTS
Characteristics of COVID-19 positive and negative 
participants
A total of 52 COVID-19 participants with previous posi-
tive SARS-CoV-2 RT-PCR results (positive group) and 110 
participants who never were confirmed or suspected to have 
COVID-19 (negative group) were recruited. The majority of the 
participants in the positive group had mild illness at the time of 
infection with SARS-CoV-2, as only 7.7% (4/52) of the partici-
pants required admission to hospital. Among the hospital admis-
sions, only three participants were given supplemental oxygen, 
and none required ventilation. The answers provided in the 
questionnaire were used to subdivide the negative group into 
a high-risk group for exposure (38 participants) and a low-risk 
group for exposure (72 participants). Indications for classifying 
participants as negative, high risk, were those who travelled 
internationally, quarantined, experienced COVID-19 symptoms 
(at least two of; fever, dry cough and loss of taste/smell) and 
those who had a negative SARS-CoV-2 RT-PCR test performed 
within the duration of the study.

Serological classification of participants in positive and nega-
tive groups was based on the presence of antibodies to SARS-
CoV-2 S-protein or N- protein. A total of 54 participants were 
assigned to the positive group and 108 participants to the 

Figure 1  Flow cytometric gating strategies used to identify the 
response of T-cells to the N-protein and S-protein of SARS-CoV2. 
Gating was first set on singlet events (A), followed by gating on target 
populations, leucocytes (B) and then CD3 expressing T-cells (C). The 
stimulation of the T-cells were measured using intracellular—PE Ki-67 
(D). Buffer was added to the negative control (unstimulated) in (D). The 
positive control in (E) was pokeweed mitogen. The stimulation of the 
T-cells can be seen in the proliferation gate (E). T-cell activation seen 
in the proliferation gate (F) when exposed to nucleocapsid (N) protein 
of SARS-CoV2. T-cell activation seen in the proliferation gate (G) when 
exposed to spike (S) protein of SARS-CoV2. SSC, side scatter.
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negative group. All of the participants in the positive group 
demonstrated the presence of SARS-CoV-2 N-protein antibodies 
and (53/54) participants demonstrated antibodies to S-protein.

SARS-CoV-2-specific T-cell and antibody responses in positive 
and negative groups by RT-PCR classification
A positive T-cell response to SARS-CoV-2 was demonstrated 
in 81% (42/52; 95% CI 67.5% to 90.4%) of the participants 
previously diagnosed with COVID-19 by SARS-CoV-2 RT-PCR 
in this study, while 62% (68/110; 95% CI 52.1% to 70.9%) 
of participants who had not been diagnosed with COVID-19 
previously had a T-cell response to SARS-CoV-2 N-protein or 
S-protein (p=0.011). A total of 79% (41/52) of the participants 
in the positive group diagnosed by SARS-CoV-2 PCR, had also 
demonstrated a positive antibody response to SARS-CoV-2. In 
40 of the 41 patients with positive antibody responses a posi-
tive result was demonstrated on both antibody assays (N-pro-
tein and S-protein assays). One patient had a positive antibody 
response on the SARS-CoV-2 N-protein IgM/G only, but had 
positive T-cell responses to both SARS-CoV-2 N-protein and 
S-protein. In the presumed negative group, a total of 7% (8/110) 
of the participants had positive antibody results on both anti-
body assays (N-protein and S-protein assays) as well as positive 
T-cell proliferation to SARS-CoV-2. The results of the T-cell and 
antibody responses are summarised in table 1.

SARS-CoV-2 T-cell responses in positive and negative groups 
according to serology classification
When the data were reanalysed according to antibody test results 
to the two different SARS-CoV-2 antigens on two different 
serology platforms for classification, a positive T-cell response to 
SARS-CoV-2 was demonstrated in 93% (50/54; 95% CI 82.11% 
to 97.9%) of the participants in the reclassified positive group, 
while 56% (60/108; 95% CI 45.7% to 65.1%) of the partici-
pants in the negative group had a T-cell response to SARS-CoV-2 
N- or S-protein (p<0.001). The data are summarised in table 2.

Magnitude of T-cell responses in positive and negative groups
The SI of T-cell proliferation tests to the N- and S-proteins of 
SARS-CoV-2 were compared between the positive group and 
negative group using a Mann-Whitney test. The positive group 
demonstrated a higher magnitude of T-cell proliferation to SARS-
CoV-2 N-protein and S-protein than the negative group, which 
was statistically significant (p<0.001). The data are summarised 
in table 3 and figure 2.

SARS-CoV-2 T-cell responses in negative group with high and 
low risk of exposure
Results for both T-cell proliferation and antibody responses to 
SARS-CoV-2 N-protein and S-protein antigens were compared 
within the RT-PCR negative group reflecting classification in a 
high-risk and low-risk group based on questionnaire responses. 
Of the SARS-CoV-2 negative group, 71% (27/38) of participants 
with high risk of exposure had a positive T-cell response to 
SARS-CoV-2 N- or S-protein, while 57% (41/72) of participants 
with a low risk of exposure had a positive T-cell response to 
SARS-CoV-2 (p=0.018). The data table can be viewed online as 
online supplemental table 1.

Magnitude of T-cell responses in negative group with high 
and low risk of exposure
The magnitude of the T-cell responses were compared between 
the high-risk and low-risk exposure groups within the negative 
group, expressed as a SI, with no statistical significance found 
between these groups. The data is summarised in figure  3. A 
complete data table can be viewed online as online supplemental 
table 2.

DISCUSSION
The findings of the current study indicate that while SARS-
CoV-2 specific T-cell responses were detectable in the majority 
of study participants with previously diagnosed SARS-CoV-2 
infection, a significant proportion of participants who were not 
previously diagnosed with COVID-19 also demonstrated T-cell 
reactivity to SARS-CoV-2 N- and S-proteins. The positive T-cell 
responses in the negative group may represent cross reactivity 
with other human coronaviruses associated with the common 
cold, or alternatively could be due to asymptomatic SARS-CoV-2 
infection. The SI of both the N- and S-protein was significantly 
higher (p<0.001) in the positive group than the negative group, 
indicating that SARS-CoV-2 infection elicits a greater T-cell 
response to N-protein and S-protein than cross-reactive T-cells.

The negative group, divided in a high risk and low risk group 
for previous exposure to SARS-CoV-2 based on questionnaire 
responses, showed a statistically significant difference in T-cell 
proliferation to SARS-CoV-2 N- and S-proteins. 71% (27/38) 
of the high-risk negative group and 57% (41/72) of the low-risk 
negative group demonstrated T-cell proliferation to one or both 
of the tested SARS-CoV-2 antigens (p=0.018). However, the 
difference in the magnitude of T-cell responses between the high 
and low risk negative groups was not statistically significant.

Table 1  Detection of SARS-CoV-2 T-cell responses to S-protein and N-protein and antibody responses to S-proteins (EUROIMMUN) and N-proteins 
(Roche Elecsys)

SARS-CoV-2 antibody assay

Negative group (n=110) Positive group (n=52) P value
Antibody 
results

P value
T-cell 
resultsPositive antibody results Positive T-cell response Positive antibody results Positive T-cell response

SARS-CoV-2 N-protein target 8 (7.27%) 61 (55.45%) 41 (78.84%) 42 (80.77%) <0.001 0.001

SARS-CoV-2 S-protein target 8 (7.27%) 53 (48.18%) 40 (76.92%) 38 (73.08%) <0.001 0.002

Any SARS-CoV-2 protein target 8 (7.27%) 68 (61.82%) 41 (78.84%) 42 (80.77%) <0.001 0.011

Table 2  Detection of SARS-CoV-2 T-cell responses to S-protein and N-protein in positive and negative groups according to serology classification

SARS-CoV-2 T-cell response Negative group (n=108) Positive group (n=54) P value T-cell results

SARS-CoV-2 N-protein target 54 (50%) 49 (90.74%) <0.001

SARS-CoV-2 S-protein target 45 (41.67%) 46 (85.19%) <0.001

Any SARS-CoV-2 protein target 60 (55.56%) 50 (92.59%) <0.001

https://dx.doi.org/10.1136/jclinpath-2021-207556
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In the presumed negative group, a total of 7% (8/110) of 
the participants had positive antibody results on both antibody 
assays (N-protein and S-protein assays) as well as positive T-cell 
proliferation to SARS-CoV-2, which strongly suggests that 
these individuals had been infected by SARS-CoV-2, but were 
undiagnosed by RT-PCR. It was anticipated from the outset 
of this study that the correct classification of groups as previ-
ously infected with SARS-CoV-2 or not, might prove to be a 
challenge. PCR testing has been shown to be a less than perfect 
gold standard for the diagnosis of SARS-CoV-2 infection with 
some false positive, and in particular false negative results to 
be anticipated.10 11 Asymptomatic SARS-CoV-2 infections are 
well described and such individuals may not be tested for SARS-
CoV-2 infection.12 It is notable that 50% (4/8) of these partic-
ipants were quarantined previously due to close contact with a 
confirmed COVID-19 case, increasing the likelihood that they 
had undiagnosed asymptomatic SARS-CoV-2 infections.

Six participants in the positive group had a complete lack of 
antibody and T-cell immune response to SARS-CoV-2, which 
may indicate that their SARS-CoV-2 PCR tests could have been 
false positive results. These individuals were furthermore asymp-
tomatic and did not reveal a history of an immunodeficiency 
or the use of immunosuppressive medication on their study 
questionnaire.

Given the limitations of RT-PCR for classification of prior 
COVID-19 infection, reanalysis of T-cell responses according 
to classification by means of serology was performed. The 
T-cell responses demonstrated a better correlation when anal-
ysed according to serology classification than classification by 
RT-PCR.

Positioning of this study in context of existing literature
Emerging literature has shifted focus from the role of anti-
bodies to the potential role of T-cells in immunity to SARS-
CoV-2.5 Studies suggest that memory T cells may prove critical 

for long-term immune protection against COVID-19, and that 
cross-reactive memory T-cells which could arise from prior 
exposure to other circulating coronaviruses may provide a form 
of background immunity to COVID-19, or affect the disease 
severity, even when no antibodies are present.13 14

A study by Le Bert et al demonstrated SARS-CoV-2 N-pro-
tein specific T cells in individuals with a history of SARS-CoV-1 
infection, and that this population of T cells expanded after 
an encounter with SARS-CoV-2 N-protein peptides. They also 
frequently detected SARS-CoV-2 specific T cells in individuals 
with no history of either contact or infection with SARS-CoV-1 
or SARS-CoV-2.6 Grifoni et al also detected SARS-CoV-2-
reactive CD4 +T cells in as many as 60% of unexposed donors 
recruited between 2015 and 2018, which further supports cross 
reactive T cell recognition between circulating ‘‘common cold’’ 
coronaviruses and SARS-CoV-2.15 Similar findings by Sekine et 
al demonstrated possible cross-reactive T cell responses directed 
against either the S or membrane proteins in 28% of the healthy 
individuals who donated blood before SARS-CoV-2 emerged.16 
Finally, Braun et al detected SARS-CoV-2 S-reactive CD4  +T 
cells in 83% of patients with COVID-19 but also in 35% of 
unexposed healthy donors. S-protein reactive CD4  +T cells 
from SARS-CoV-2-naive donors were found to have a similar 
interaction with human endemic coronaviruses 229E and OC43 
and SARS-CoV-2. This suggests that prior endemic coronavirus 
infections may generate S-cross-reactive T cells.7

A recent study measuring T-cell responses to COVID-19 in 
2826 healthcare workers and firefighters performed by Oxford 
Immunotek in collaboration with Public health England using 
a research version of a COVID-19 TB-Spot test, demonstrated 
higher T-SPOT responses to spike, membrane and nucleopro-
tein in persons with either confirmed previous SARS-CoV-2 
infection or who were seropositive as detected with anti-SARS-
CoV-2 immunoassays, in comparison with persons deemed to 
have been uninfected.17 The investigators found that participants 
with higher T-SPOT responses were less likely to test positive 
for COVID-19 by RT-PCR during a median follow-up period 
of 118 days.

The immune response to COVID-19 is complex and highly 
variable between individuals. While the vast majority of persons 
infected with SARS-CoV-2 will develop IgG antibodies to the 
virus, a subset will not, which limits the usefulness of serology 
tests to determine prior exposure to SARS-CoV-2.18 In addi-
tion, it has been well described that SARS-CoV-2-specific anti-
bodies may start to wane after 3–4 months following infection.19 
Other factors such as the age of the patient and disease severity 
may also impact antibody responses, with higher antibody 

Table 3  Magnitude of T-cell responses to SARS-CoV-2 S-protein and 
N-protein expressed as a Stimulation Index (SI) in the SARS-CoV-2 
positive and negative group

N-protein SI S-protein SI

Negative group Positive group Negative group Positive group

Median 6 18.6 5.66 13

IQR 5–12 8.66–26 4–8 7–25

Range 3–202 3.33–83 3–96 3.4–65

Figure 2  Comparison of T-cell Stimulation Index (SI) to SARS-CoV-2 
S-protein and N-protein between the SARS-CoV-2 positive and negative 
groups. *indicates the SI value of the maximum outlier in each group. 
NEG, negative; N-PROT, nucleocapsid protein; POS, positive, S-PROT, 
spike protein.

Figure 3  Comparison of T-cell Stimulation Index (SI) to SARS-CoV-2 S-
protein and N-protein between the SARS-CoV-2 negative high-risk and 
low-risk groups. *indicates the SI value of the maximum outlier within 
each group. NEG, negative; N-PROT, nucleocapsid protein; S-PROT, spike 
protein.
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levels recorded in older and hospitalised cases of COVID-19 
in previous studies.20 In contrast, CD4 +T cell responses have 
been shown to be lower in those who require hospitalisation due 
to more severe COVID-19 than individuals with mild illness, 
and the CD4 +memory T cells remain detectable for a period 
beyond 6 months in most individuals.18 In essence, the immune 
response (including the immune memory) is heterogeneous, 
and the option of testing SARS-CoV-2-specific T cell responses 
is an important tool which can greatly assist in routine clinical 
practice. The majority of participants who were included in 
the positive group of our own study population reportedly had 
mild COVID-19 illness, and provides further insight into the 
complexities of the immune response to infection with SARS-
CoV-2 in a population where lower antibody levels were to be 
expected.

In summary, emerging literature suggests that memory T cells 
may prove critical for long-term immune protection against 
COVID-19, and that cross-reactive memory T cells which could 
arise from prior exposure to other circulating coronaviruses may 
provide a form of background immunity to COVID-19, or affect 
the disease severity, even when no antibodies are present.

Contribution of this study
Our study contributes to the emerging international data pool 
and was designed to determine the level of T-cell reactivity to 
SARS-CoV-2 S-protein and N-protein in our study population, 
consisting of South African laboratory workers who were either 
previously diagnosed with COVID-19 or not. The results were 
generated using an in-house flow cytometric T-cell proliferation 
assay within a diagnostic laboratory, which is scalable and suit-
able for routine use. T-cell proliferation tests usually require a 
high level of technical skill, which often limits its application 
to research settings. Immunological status against SARS-CoV-2 
was studied in an integrated manner within a routine diagnostic 
setting, which may become important for evaluating durability 
of the immune response, of particular concern considering viral 
mutations, new strains and vaccination rollout in South Africa. 
The ability to measure and compare the magnitude of T-cell 
response to SARS-CoV-2 S-protein creates opportunities to 
measure T-cell as well as antibody responses prevaccination and 
postvaccination. This could become relevant to inform decisions 
regarding choice of vaccine, dosing schedules as well as moni-
toring vaccine response in immunocompromised individuals.

Limitations of this study
This study was performed on a relatively small number of 
volunteers from various sectors within a pathology practice, 
recruited from multiple sites throughout South Africa. Larger 
studies, including volunteers from multiple sectors and popula-
tion groups would be needed to extrapolate data to encompass 
the greater South African population. The participants included 
in this study are all employees within a healthcare setting, with 
a potentially higher rate of exposure to SARS-CoV-2 and other 
respiratory viral infections than the general public. This may 
have introduced spectrum bias in this particular study.

One of the main limitations of this study is the lack of a reli-
able gold standard test to assess previous SARS-CoV-2 infec-
tion. PCR testing has limitations and false positive results as 
well as false-negative results occur. Similarly, serology results 
have limitations, as antibody levels may wane over time, and 
not all individuals will necessarily produce a detectable antibody 
response.

A further limitation of the study is the low specificity of the 
T-cell proliferation assay, which may be attributed to cross-
reactivity following prior infections with other human corona-
viruses in subjects who were not exposed to SARS-CoV-2, as 
the objective was to measure SARS-CoV-2 specific responses. It 
would have been ideal to have included peptides to other human 
coronaviruses, but these peptides were not commercially avail-
able in South Africa at the time of this study.

Future research
Correlates of protection and post-vaccination immunity are 
important future research topics. A follow-up prospective cohort 
study of participants and their immune response to SARS-CoV-2 
over time, as well as future COVID-19 infections, vaccination 
and subsequent T-cell immune responses should be studied in an 
attempt to determine correlates of protection. Future research 
measuring T-cell and antibody responses in vaccinated partici-
pants as well as participants infected by new SARS-CoV-2 vari-
ants, should also be considered.

CONCLUSION
The findings from the study provides evidence of significant pre-
existing T-cell immunity to SARS-CoV-2 in South African indi-
viduals not previously diagnosed with COVID-19, which may 
be attributable to pre-existing cross-reactive immune responses 
to other human coronaviruses or asymptomatic infection. The 
magnitude of T-cell responses to both SARS-CoV-2 S-proteins 
and N-proteins were greater in participants previously diagnosed 
with COVID-19, indicating that a significant T-cell response was 
elicited post-SARS-CoV-2 infection in comparison to the group 
considered to have had pre-existing cross-reactive T-cell immu-
nity. This study demonstrates that T-cell proliferation assays can 
be used in a routine diagnostic setting, which could be of partic-
ular importance for measuring postvaccination T-cell responses.

Take home messages

	⇒ A significant number of participants in this study not 
previously diagnosed with COVID-19 were shown to have 
pre-existing T-cell immunity to SARS-CoV-2, which may be 
attributable to pre-existing cross-reactive immune responses 
to other human coronaviruses or asymptomatic infection.

	⇒ The magnitude of T-cell responses to both SARS-CoV-2 
S-proteins and N-proteins were significantly greater 
in participants previously diagnosed with COVID-19 in 
comparison to the group considered to have had pre-existing 
cross-reactive T-cell immunity.

	⇒ This study measured SARS-CoV-2 specific T-cell responses 
by means of an in-house T-cell proliferation assay within 
a routine diagnostic laboratory setting, which could be of 
particular importance for measuring postvaccination T-cell 
responses.
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